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1 . I nt r oduct i on

The Mar k I I det ect or i s t he f i r st det ect or t o t ake

dat a at t he St anf or d Li near Col l i der ( SLC) [ 1] . The SLC

pr ovi des el ect r on- posi t r on col l i di ng beams wi t h a

cent er - of - mass ener gy ar ound t he Z° r esonance ( ap-

pr oxi mat el y 92 GeV) . The det ect or i s an upgr aded

ver si on of t he devi ce pr evi ousl y used successf ul l y at t he

PEP and SPEARst or age r i ngs . Newl y const r uct ed com-

ponent s i ncl ude t he cent r al dr i f t chamber , t he t i me- of -

f l i ght syst em, t he coi l , t he endcap el ect r omagnet i c

cal or i met er s and t he l umi nosi t y moni t or s [ 2] . Ther e

have al so been i mpr ovement s i n det ect or her met i ci t y. I n

addi t i on, spect r omet er s f or maki ng pr eci se measur e-

ment s of bot h el ect r on and posi t r on ener gi es on a

pul se- by- pul se basi s have been desi gned and i mpl e-

ment ed . Fi nal l y, sever al f ur t her addi t i ons t o t he det ec-

t or ( new ver t ex det ect or s, i ncr eased muon cover age and

on- l i ne pr ocessor s) ar e bei ng const r uct ed and t est ed but

ar e not cur r ent l y i nst al l ed. They wi l l be br i ef l y di s-

cussed at t he end of t he paper .

Acut - away vi ew of t he det ect or can be seen i n f i g . 1 .

Emer gi ng f r om t he i nt er act i on poi nt , a par t i cl e emi t t ed

per pendi cul ar t o t he beamwoul d t r aver se t he beampi pe,

t he cent r al dr i f t chamber , a t i me- of - f l i ght count er , t he

coi l of t he sol enoi d magnet , t he l i qui d ar gon cal or i met er

and f i nal l y t he muon det ect i on syst em. The f ol l owi ng

sect i ons descr i be t hese component s as wel l as t he end-

cap cal or i met er s and smal l - angl e moni t or s . When avai l -

abl e, per f or mance f i gur es f r om a t est r un at PEP ( 29

GeV cent er - of - mass ener gy) ar e quot ed . For syst ems

not i nst al l ed f or t he t est r un at PEP, dat a f r om t est

beamst udi es or Mont e Car l o si mul at i ons ar e pr esent ed.

2. Cent r al dr i f t chamber

A new cent r al dr i f t chamber was bui l t t o i mpr ove

t he moment umr esol ut i on, t he t wo- t r ack separ at i on and

t he pat t er n r ecogni t i on . Some char ged par t i cl e i dent i f i -

cat i on capabi l i t y t hr ough dE/ dx measur ement s i s al so

pr ovi ded .



2 . 1 . Dr i f t chamber desi gn

Tabl e 1

Desi gn par amet er s f or t he cent r al dr i f t chamber

G. Abr ams et al . / The Mar k I I dét ect or f or t he SLC

" , I i ~
i

Fi g. 1 . Cut - away vi ew of t he upgr aded Mar k 11 det ect or

showi ng maj or component s . The t wo ver t ex det ect or s ar e not

cur r ent l y i nst al l ed .

The dr i f t chamber desi gn i s based on a si x sense- wi r e

cel l , a shor t ened ver si on of t he j et - chamber conf i gur a-

t i on [ 3] . The cel l s ar e ar r anged i n 12 concent r i c cyl i n-

dr i cal l ayer s, al t er nat i ng bet ween wi r es par al l el t o t he

cyl i nder axi s ( axi al l ayer s) or i ncl i ned at appr oxi mat el y

± 3 . 8 ° t o t he axi s t o pr ovi de st er eo i nf or mat i on . The

i nner r adi us of t he dr i f t chamber i s 19 . 2 cm, t he out er

r adi us i s 151 . 9 cm and t he act i ve l engt h i s 2 . 30 m. The

desi gn par amet er s ar e gi ven i n t abl e 1 .

The det ai l ed cel l desi gn i s shown i n f i g. 2 . The sense

wi r es ( 30 l Lm di amet er gol d- pl at ed t ungst en) ar e

2 . 2. El ect r oni cs

7. 5cm

x Sense Wi r e

	

Guar d Wi r ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
" Pot ent i al Wi r e

	

" Fi el d Wi r e

Fi g. 2. Cel l desi gn f or t he cent r al dr i f t chamber .

5 7

st agger ed ±380 l i m f r om t he cel l axi s t o pr ovi de l ocal

l ef t - r i ght ambi gui t y r esol ut i on . The el ect r i c f i el d i s con-

t r ol l ed pr i mar i l y by t he vol t age on a r ow of 19 f i el d

wi r es at each edge of t he cel l . Ther e ar e al so guar d and

pot ent i al wi r es i nt er sper sed wi t h t he sense wi r es whi ch

hel p t o adj ust t he el ect r i c f i el d and t he gai ns on t he

sense wi r es .

The wi r es ar e st r ung bet ween 5 . 1 cm t hi ck al umi num

endpl at es whi ch ar e hel d apar t by a 2 mmt hi ck ber yl -

l i um i nner cyl i nder and a 1 . 27 cm t hi ck al umi num out er

shel l . I n addi t i on t her e ar e ei ght 2. 5 cm by 5 . 1 cm

al umi num r i bs at t ached t o t he out er shel l whi ch pr ovi de

st r uct ur al suppor t . The al umi num shel l and ber yl l i um

cyl i nder ar e l i ned wi t h ski ns of copper - cl ad Kapt on; a

vol t age i s appl i ed t o t hese ski ns t o mai nt ai n a uni f or m

el ect r i c f i el d i n t he i nner most and out er most l ayer s .

The wi r es i n one pl ane i n a cel l ar e l ocat ed i n

machi ned not ches i n a Del r i n f eedt hr ough whi ch i s

pi nned t o accur at el y machi ned hol es i n t he endpl at e.

The aver age uncer t ai nt y i n wi r e l ocat i on i s 35 l t m and i s

pr i mar i l y due t o er r or s i n machi ni ng and pl acement of

t he f eedt hr oughs and endpl at es . A mor e det ai l ed de-

scr i pt i on of t he chamber desi gn can be f ound i n r ef . [ 4] .

The dr i f t chamber si gnal s ar e ampl i f i ed i n t wo st ages

and t hen di gi t i zed . Bot h a t i me di gi t i zat i on and a pul se

shape di gi t i zat i on ( al l owi ng t he dE/ dx measur ement )

ar e made . Fi g. 3 i s a schemat i c dr awi ng of t he dr i f t

chamber el ect r oni cs .

The pr eampl i f i er ( f i r st st age) boar ds ar e mount ed

di r ect l y on t he f eedt hr oughs at t he chamber f ace, i nsi de

an al umi num r f shi el d . The ci r cui t r y i s based on t he

Pl essey SL560C chi p . The second st age of ampl i f i cat i on

i s per f or med by t he 24- channel post ampl i f i er s l ocat ed

Layer Radi us at

cent er

[ cm]

St er eo

[ deg. ]

Wi r e 1

angl e

Wi r e 6

Number

of

cel l s

1 27 . 05 0 0 26

2 38 . 25 3 . 65 4. 07 36

3 48. 45 0 0 46

4 59 . 25 - 3 . 73 - 4. 00 56

5 69 . 45 0 0 66

6 80 . 15 3 . 76 3. 96 76
7 90. 35 0 0 86

8 100. 95 - 3 . 77 - 3. 93 96

9 111 . 15 0 0 106

10 121 . 65 3 . 77 3. 91 116

11 131 . 85 0 0 126

12 142. 35 - 3 . 78 - 3. 89 136

Muon Chamber s

Hadr on Absor ber

Muon Chamber s

Sol enoi d Coi l

Lead/ Pr opor t i onal
Tube El ect r omagnet i c 3 . 3cmCal or i met er 380, um ÎMi ni - Smal l Angl e Of f set
Moni t or

Smal l Angl e
Moni t or
Si l i con St r i p
Ver t ex Det ect or

Dr i f t Chamber
Ver t ex Det ect or

Cent r al Dr i f t 8. 33mm .
Chamber

Ti me- of - Fl i ght
count er x
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2. 3. Oper at i on

Feedt hr ough
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i n cr at es mount ed on t he magnet i r on . I n addi t i on,
t hese boar ds shape and spl i t t he si gnal . The t i mi ng hal f

of t he post ampl i f i er has a gai n of 70 and di scr i mi nat es

t he pul ses usi ng a LeCr oy MVL407 compar at or . The

t hr eshol d set f or t he compar at or cor r esponds t o 80 ~LV

at t he pr eamp i nput . Thi s i s equi val ent t o 4% of t he
mean pul se hei ght due t o a mi ni mum- i oni zi ng par t i cl e .
The gai n set t i ng f or t he pul se hei ght measur ement can
be var i ed. Mor e det ai l s on t he pr eampl i f i er s and post -
ampl i f i er s can be f ound i n r ef . [ 5] .

At t hi s poi nt t he t wo set s of si gnal s ( t i mi ng and
pul se shape) ar e br ought out appr oxi mat el y 30 mt o t he
el ect r oni cs house. The dr i f t t i mes ar e di gi t i zed by 96-
channel LeCr oy 1879 TDCs l ocat ed i n f our FASTBUS
cr at es . These modul es have mul t i - hi t capabi l i t y and a
t i me bi n wi dt h of 2 us . The dr i f t chamber pul se shapes
ar e di gi t i zed by SLAC- desi gned [ 6] FASTBUS boar ds .

These boar ds ar e 16- channel 100 MHz Fl ash- ADCs

wi t h 6- bi t r esol ut i on based on t he TRW1029J7C chi p .

( For t he t est r un at PEP, onl y one- t hi r d of t he dr i f t

chamber was i nst r ument ed wi t h FADCs . )
The r eadout of bot h t he TDCs and FADCs i s con-

t r ol l ed by SLAC Scanner Pr ocessor s ( SSPs) [ 7] , whi ch

ar e pr ogr ammabl e FASTBUSmodul es . One SSP i s used
i n each FASTBUS cr at e t o pr epr ocess ( e . g. , per f or m

zer o suppr essi on and pedest al cor r ect i ons) and f or mat
t he dat a . The cr at e SSPs ar e r ead out vi a cabl e segment s
by syst em SSPs, whi ch buf f er t he dat a and i nt er f ace
wi t h t he exper i ment host comput er , a VAX 8600 . Pr o-
gr ams on t he host comput er cor r el at e t he TDC and
FADC hi t s on each wi r e. The t i mi ng and pul se hei ght
channel s ar e cal i br at ed separ at el y . For bot h, t he
cal i br at i on pul se i s i nj ect ed at t he i nput t o t he pr e-
ampl i f i er . The t i mi ng cal i br at i on measur es t he t i me
pr opagat i on di f f er ences f or each channel . The pul se
hei ght cal i br at i on i s used t o det er mi ne a pedest al , gai n

and quadr at i c cor r ect i on f or each channel .

A gr aded hi gh vol t age i s suppl i ed t o t he f i el d wi r es
of each cel l t hr ough a r esi st or - di vi der chai n . The vol t age
on a f i el d wi r e i n t he cent er of a cel l i s t ypi cal l y - 4 . 5

Post ampl i f i er

	

VThr eshol d

	

t . - L

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - J23 m

Fi g. 3 . Schemat i c of t he cent r al dr i f t chamber el ect r oni cs .

kV, t he pot ent i al wi r e and guar d wi r e vol t ages ar e
t ypi cal l y - 1 . 5 kV and - 200 V, r espect i vel y, and t he
sense wi r es ar e gr ounded . The copper ski ns l i ni ng t he
i nner and out er cyl i nder s ar e t ypi cal l y set at - 2. 5 kV.
The dr i f t chamber hi gh vol t ages and cur r ent s ar e con-
t r ol l ed and moni t or ed usi ng an I BMPC.

The chamber gas i s a mi xt ur e of 89% At , 10%C02
and 1% CH4 ( HRS gas) and i s at a pr essur e sl i ght l y
above 1 at mospher e . The above vol t ages r esul t i n a gas
gai n of 2 x 10 4 wi t h an el ect r i c dr i f t f i el d of 900 V/ cm
and t he t ypi cal dr i f t vel oci t y i s 52 l. . m/ ns . For most of
t he t est r un at PEP t he magnet i c f i el d was 4. 5 kG,
gi vi ng a Lor ent z angl e of 17 . 8 ° .

2 . 4 . Per f or mance

2. 4 . 1 . Tr acki ng ef f i ci ency
The dr i f t chamber t r acki ng pr ogr am was i mpl e-

ment ed usi ng hi t s f ound by t he TDCs . I t ut i l i zes t he
mul t i - sense- wi r e f eat ur e of t he cel l s and f or ms t r ack
segment s wi t hi n cel l s . These segment s ar e l at er mat ched
t o f or m t r acks t hr ough t he chamber [ 8] . The t r ack- f i nd-
i ng r out i ne ef f i ci ency has been measur ed at PEP and
est i mat ed f or SLC f r om Mont e Car l o pr ogr ams . For
l ow mul t i pl i ci t y event s at PEP wi t h t r acks t hat go

I cos61
Fi g . 4. Tr acki ng ef f i ci ency f or t he cent r al dr i f t chamber as a
f unct i on of cos B. The hadr oni c event s ( boxes) ar e f r om a
Mont e Car l o st udy at SLC ener gi es ; t he Bhabha scat t er i ng
event s ( dot s) ar e f r om a sampl e of PEP dat a . Er r or bar s ar e

shown onl y f or t he Mont e Car l o event s .

1 . 0 Y
O
O

i

a

I ~p~woo~o~~o~ppoGO~Oat . nse . u_aI

U

- 1
1

U

w 0. 8

I I I i I i I I I0 . 6
0 0 . 2 0 . 4 0 . 6 0 . 8 1 . 0



300

N
0
V 250
E

Z
O
H

ó
LLJ

U
Z
w

U

w

200

150

100

0 . 8

0 . 6

0 . 4

0 . 2

0

	

0
0

o 0
.

.

Y
0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

". 0

	

0
, o

- 20 0

	

20

DRI FT DI STANCE

	

( mm)

Fi g. 5 . Cent r al dr i f t chamber posi t i on r esol ut i on ver sus dr i f t
di st ance, wi t h ( sol i d ci r cl es) and wi t hout ( open ci r cl es) t he

t i me- sl ewi ng cor r ect i on .

t hr ough al l subl ayer s, t he ef f i ci ency was measur ed t o be

appr oxi mat el y 99%. I t i s est i mat ed t o dr op t o 96% f or

hi gh mul t i pl i ci t y hadr oni c event s of t he t ype expect ed at
SLC ener gi es . Fi g . 4 shows t he ef f i ci ency as a f unct i on
of cos 0 f or t hese t wo cl asses of event s .

2. 4. 2 . Posi t i on and moment um r esol ut i on

The posi t i on r esol ut i on i n t he chamber i s pr i mar i l y
l i mi t ed by di f f usi on i n t he gas . Cal cul at i ons show t hat
t hi s ef f ect cont r i but es an er r or of = 150 Wm f or t he
l ongest dr i f t di st ances . Ot her er r or s ar e = 50 [ Lm f r om
t he t i me measur ement er r or i n t he el ect r oni cs and = 35

[ Lm f r om wi r e pl acement . When a si ngl e dr i f t vel oci t y
was used f or al l cel l s and l ayer s t o conver t t he dr i f t
t i mes t o posi t i ons, t he achi eved r esol ut i on aver aged
over t he cel l wi dt h was 185 [ , m. Fi t t i ng vel oci t i es f or
each of t hr ee dr i f t di st ance r egi ons i n a cel l and f or
di f f er ent gr oups of wi r e l ayer s i mpr oved t he r esol ut i on
t o = 170 l r m.

The i nf or mat i on f r om t he FADCs can be i ncl uded i n
t he t i mi ng measur ement by usi ng t he deposi t ed char ge
t o make a " t i me- sl ewi ng" cor r ect i on. Thi s cor r ect i on
compensat es f or t he change i n measur ed t i me as a
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Fi g. 6 . Ef f i ci ency f or separ at i ng t wo t r acks as a f unct i on of
t hei r di st ance apar t f or t he cent r al dr i f t chamber TDCs ( X' s)

and FADCs ( cl osed ci r cl es) .

G. Abr ams et al . / The Mar k I I det ect or f or t he SLC 5 9

5 10 15

MOMENTUM ( GeV/ c)

Fi g . 7 . Moment um r esol ut i on f or t he cent r al dr i f t chamber .
The t r acks ar e sel ect ed f r om Bhabha scat t er i ng event s and a
const r ai nt t hat t he t r ack or i gi nat e f r om a si ngl e poi nt i s used .

The magnet i c f i el d was 4. 5 kG.

f unct i on of pul se hei ght and i mpr oves t he r esol ut i on by
a smal l amount . Fi g . 5 shows t he r esol ut i on ver sus dr i f t

di st ance wi t h and wi t hout t he t i me- sl ewi ng cor r ect i on.

However , t he maj or t r acki ng i mpr ovement pr ovi ded by
t he FADCs i s a bet t er doubl e hi t separ at i on . Scanni ng

al gor i t hms t hat use t he pul se shape have an ef f i ci ency of
80%f or separ at i ng hi t s 3. 8 mm apar t compar ed t o 6. 4
mmi f onl y t he TDCs ar e used ( see f i g . 6) .

Fr om Bhabha scat t er i ng event s i n t he PEP dat a
t aken wi t h a 4. 5 kG f i el d, a moment um r esol ut i on of
a( p) / p 2 = 0. 46%/ ( GeV/ c) was measur ed i n t he cent r al
dr i f t chamber f or si ngl e t r acks wi t h I cos 0 1 < 0. 64. The
r esol ut i on i s a( p) / p 2 = 0. 31%/ ( GeV/ c) i f t he t r acks
ar e const r ai ned t o or i gi nat e f r oma si ngl e poi nt ( see f i g .
7) . The mul t i pl e scat t er i ng cont r i but i on t o t he r esol u-

t i on f r om t he dr i f t chamber i t sel f i s 1 . 4%. Beam di -

agnost i c devi ces and ot her mat er i al i nsi de t he dr i f t

chamber r adi us al so cont r i but e t o t he ver t ex con-
st r ai ned r esol ut i on t hr ough mul t i pl e scat t er i ng.

2. 4. 3. Par t i cl e i dent i f i cat i on

The mai n pur pose of t he FADC syst em i s t o pr ovi de
some degr ee of par t i cl e i dent i f i cat i on, par t i cul ar l y f or
separ at i ng el ect r ons f r om pi ons . The char ge deposi t ed
by a par t i cl e t r aver si ng t he dr i f t chamber i s pr opor -
t i onal t o i t s ener gy l oss ( dE/ dx) . The val ue of dE/ dx
coupl ed wi t h t he measur ed moment um al l ows a r ough
det er mi nat i on of t he par t i cl e mass. For a t r ack t r avel -
l i ng t he f ul l r adi al ext ent of t he cent r al dr i f t chamber ,
t he 72 possi bl e char ge measur ement s woul d pr ovi de an
expect ed dE/ dx r esol ut i on f or mi ni mum- i oni zi ng par -
t i cl es of 6. 9% [ 9] .

The FADCpul se shapes ar e pr ocessed t o pr ovi de t he
t i me and i nt egr at ed char ge f or each hi t . The " di f f er ence
of sampl es" al gor i t hm [ 10] t hat i s cur r ent l y used scans
t he pul se and l ooks f or shar p changes i n i t s shape . The
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Fi g . 8 . dE/ d x vs moment um as measur ed f or t r acks at PEP.
The number of par t i cl es i n t he el ect r on, muon, kaon and
pr ot on bands ar e enhanced r el at i ve t o t he pi on band t hat

woul d nor mal l y domi nat e t he pl ot .

t i me i s det er mi ned by a wei ght ed aver age over t he bi ns
wher e t her e i s a change, and t he char ge i s cal cul at ed by
summi ng t he count s bet ween t he st ar t and end of t he
pul se as i dent i f i ed by t he al gor i t hm.

The char ge col l ect ed depends on t he pat h l engt h, t he
angl e t hat t he t r ack makes wi t h t he wi r e, t he dr i f t
di st ance, and whet her t he st agger ed sense wi r e i s on t he
near or f ar si de of t he wi r e pl ane f r om t he t r ack . Ther e
ar e al so var i at i ons i n t he gas gai n due t o pr essur e and
t emper at ur e, di f f er ences i n gai n i n each of t he 72 sub-
l ayer s of t he dr i f t chamber , and var i at i ons f r om chan-
nel - t o- channel due t o t he el ect r oni cs. Af t er cor r ect i ng
each measur ed char ge f or t hese ef f ect s, a ( 75%) t r un-
cat ed mean of t he sampl es i s cal cul at ed t o ar r i ve at a
dE/ dx val ue f or t he t r ack . The cor r ect ed val ues ar e
shown as a f unct i on of moment um f or par t i cl es at PEP
i n f i g . 8 . The di f f er ent par t i cl e t ypes wer e i dent i f i ed
usi ng ot her det ect or component s or event t opol ogi es .

Fr om a sampl e of Bhabha scat t er i ng event s f r om
PEP dat a, a dE/ dx r esol ut i on of 7 . 2% was obt ai ned.

G. Abr ams et al . / The Mar k I I det ect or f or t he SLC
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Fi g. 9 . El ect r on- pi on separ at i on f or t r acks i n t he moment um
r ange 0 . 25- 0 . 60 GeV/ c . The par t i cl es ar e f r om t wo di f f er ent

event sampl es and so ar e not i n t hei r usual pr opor t i ons .

Fi g . 9 shows t he r esul t i ng separ at i on bet ween el ect r ons
and pi ons f or t r acks i n a moment umr ange of 0. 25- 0 . 60
GeV/ c . The el ect r ons wer e i dent i f i ed usi ng t he bar r el
el ect r omagnet i c cal or i met er and pi ons wer e def i ned as
t r acks t hat wer e not i dent i f i ed as el ect r ons, kaons or
pr ot ons . The peaks wer e obt ai ned f r om di f f er ent event
sampl es wi t hi n t he same dat a r uns. El ect r on- hadr on
separ at i on f or al l moment a i s di scussed i n t he next
sect i on.

3 . Ti me- of - f l i ght syst em

The t i me- of - f l i ght ( TOF) syst em i s used t o pr ovi de
char ged par t i cl e i dent i f i cat i on i ncl udi ng t he det ect i on of
cosmi c r ays . The t i me i s measur ed by det ect i ng si gnal s
gener at ed i n sci nt i l l at or sl abs l ocat ed bet ween t he cent r al
dr i f t chamber and t he magnet coi l .

3. 1 . Physi cal descr i pt i on

The TOF syst em consi st s of 48 count er s f or mi ng a
bar r el of i nner r adi us 152. 4 cm t hat i s out si de and
coaxi al wi t h t he cent r al dr i f t chamber . Each count er i s
300 cml ong and has a t r apezoi dal cr oss sect i on wi t h a
smal l er wi dt h of 19 . 8 cm. The count er s ar e 4. 5 em t hi ck
except f or t wo count er s bor der i ng ( p = 0 ° and t wo
count er s bor der i ng 0 = 180 ° whi ch ar e 3. 8 cm t hi ck.
The addi t i on of ei ght st r uct ur al r i bs al ong t he dr i f t
chamber body ( whi ch ar e equal l y spaced i n ( p st ar t i ng
at ( P = 0 ° ) r equi r ed cut t i ng 1 . 6 cm f r om t he wi dt h of
t he 16 adj acent count er s . The count er s ar e cast f r om a
pl ast i c sci nt i l l at or based on cr oss- l i nked pol yst yr ene
( SCSN- 38 [ l l ] ) whi ch was chosen f or i t s hi gh r esi st ance
t o cr azi ng due t o mechani cal st r ess. The mount i ng sys-
t em was desi gned t o pr ovi de st r ess- f r ee suppor t . Bot h
ends of t he count er s ar e coupl ed t o l i ght gui des made
f r om UV- l i ght - t r ansmi t t i ng acr yl i c . These gui des nar -
r ow f r om t he wi dt h of t he count er s ( an aver age of 20
cm) t o 5 . 3 cmover a l engt h of 43 cmand t hen ext end 84
em f ur t her t o br i ng t he l i ght out si de t he f l ux r et ur n
i r on. An Amper ex XP2222 12- st age phot omul t i pl i er t ube
i s at t ached t o t he end of each l i ght gui de, wi t h opt i cal
coupl i ng pr ovi ded by a sof t Syl guar d " cooki e" [ 12] . The
phot ot ubes ar e shi el ded f r om st r ay magnet i c f i el ds by
concent r i c cyl i nder s of mu- met al and sof t i r on .
CAMAC- cont r ol l ed LeCr oy 4032A hi gh vol t age sup-
pl i es power t he vol t age di vi der s i n t he phot ot ube base .
These vol t age di vi der s have been desi gned t o mi ni mi ze
phot ot ube t r ansi t t i me j i t t er .

3. 2 . El ect r oni cs

The el ect r oni cs of t he dat a acqui si t i on syst em ar e
t hose used by t he pr e- upgr ade Mar k 11 at PEP [ 13] .
Each phot ot ube channel consi st s of t wo i ndependent l y



di scr i mi nat ed t i me- t o- ampl i t ude conver t er s ( TACs) and

a pul se hei ght i nt egr at or . The anal og t i mes and pul se

i nt egr al s ar e col l ect ed and di gi t i zed by a 12- bi t ADC

i ncor por at ed i n a 16- bi t mi cr opr ocessor ( BADC) [ 14] .

The BADC t hen per f or ms pedest al subt r act i ons, l i near

gai n cor r ect i ons, and t hr eshol d cut s t o t he r aw di gi t i zed

val ues . The t i mi ng accept ance wi ndow i s 60 ns whi ch i s

l ar ge enough f or t he possi bl e obser vat i on of sl ow par -

t i cl es, but whi ch al so al l ows f or r ej ect i on of cosmi c r ays .

3 . 3. Cal i br at i on syst ems

Ther e ar e t wo i ndependent cal i br at i on syst ems . The
cal i br at i on of t he el ect r oni cs i s car r i ed out usi ng a

var i abl e ampl i t ude pul ser and del ay cabl es of known

l engt h . Cal i br at i on const ant s ar e comput ed usi ng a sec-

ond or der f i t of channel r esponse t o i nput pul ses . These

const ant s pr ovi de an accur acy of a = 60 ps over a 35 ns

i nt er val f or t he TACs and a = 70 pC over a 1700 pC

r ange f or t he pul se hei ght i nt egr at or s .

The l aser cal i br at i on syst em, i l l ust r at ed i n f i g. 10,

moni t or s t he r esponse of t he count er s and associ at ed

el ect r oni cs t o shor t l i ght pul ses whi ch si mul at e t he

ef f ect of char ged par t i cl es passi ng t hr ough t he sci nt i l l a-

t or . A pul sed ni t r ogen l aser i l l umi nat es opt i cal f i ber s

at t ached t o each count er 90 cm f r om each end . A

CANI AC- cont r ol l ed mi r r or al l ows f or t he i l l umi nat i on
of one f i ber at a t i me i n t he syst em, and a set of neut r al

densi t y f i l t er s al l ows f or var i at i on of i nput l i ght i n-

t ensi t y . The t i mi ng r ef er ence i s pr ovi ded by a phot odi -

ode exposed t o t he l aser l i ght ; t he phot odi ode al so

measur es t he i nt ensi t y of each pul se . The syst em pr o-

vi des enough r edundant i nf or mat i on t o moni t or t he

gai ns of t he phot ot ubes, t he pr opagat i on del ays t hr ough

t he sci nt i l l at or , l i ght gui des, cabl es and el ect r oni cs and

Sout h Opt i cal
Fi ber

G. Abr ams et al . / The Mar k I I det ect or f or t he SLC

Fi g. 10 . Laser cal i br at i on syst em schemat i c f or t he TOF sys
t em. The f i gur e al so shows t he l ocat i ons f or t he cal i br at i on

opt i cal f i ber s i n a t ypi cal count er .

t he at t enuat i on l engt h of t he sci nt i l l at or . I t has been
obser ved t hat t he phot ot ube cur r ent sat ur at es at hi gh
l i ght l evel s i n t he sci nt i l l at or . A cor r ect i on f or t hi s
sat ur at i on wi t h t he same f unct i onal f or m f or each pho-
t ot ube i s det er mi ned usi ng t he l aser cal i br at i on syst em.

3. 4. Dat a anal ysi s

The measur ed t i mes f r om each phot ot ube ar e cor -
r ect ed f or t he t i me t hat t he l i ght t akes t o pr opagat e
t hr ough t he sci nt i l l at or and f or channel - t o- channel

pr opagat i on del ays t hr ough t he phot ot ube . The sat ur a-

t i on cor r ect i on i s appl i ed, t hen a t i me wal k cor r ect i on
[ 15] pr opor t i onal t o t he i nver se squar e r oot of t he
cor r ect ed pul se i nt egr al i s al so appl i ed . The t i me wal k
const ant i s det er mi ned f or each phot ot ube usi ng t he
dat a f r om t he t est r un at PEP. A f i nal t i me- of - f l i ght t i s
obt ai ned by t aki ng t he wei ght ed aver age of t he t i mes
f r om bot h phot ot ubes .

Par t i cl e i dent i f i cat i on i s det er mi ned f r om t he vel oc-
i t y / 3 = L/ ( ct ) , wher e t he pat h l engt h L f r om t he i nt er -
act i on poi nt i s det er mi ned f r om t he cent r al dr i f t cham-
ber i nf or mat i on and t i s t he t i me- of - f l i ght . The squar ed
mass of t he par t i cl e i s t hen gi ven by m2 =p

2
[ l / ß

2
- 1] ,

wher e p i s t he par t i cl e moment um as measur ed by t he
dr i f t chamber .

3. 5. Per f or mance

Fi g. 11 shows t he di f f er ence bet ween t he t i me mea-
sur ed by t he TOF syst em and t he expect ed t i me of
ar r i val of el ect r ons f r om t he Bhabha scat t er i ng pr ocess
e+ e - - e +e- measur ed dur i ng t he PEP t est r un . The
achi eved si ngl e count er r esol ut i on var i ed f r om 180 t o
250 ps and aver aged over al l count er s and al l dat a r uns
was 221 ps . Thi s gi ves t he m/ K/ p separ at i on shown i n
f i g . 12. The measur ed TOf and dE/ dx r esol ut i ons ar e
combi ned t o gi ve t he el ect r on- hadr on separ at i on seen
i n f i g. 13 . The t wo syst ems t oget her al so gi ve at l east a
2a i T/ K separ at i on up t o moment a of 10 GeV/ c and
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Fi g . 11 . Resol ut i on of TOF syst em obt ai ned f r om a sampl e of
Bhabha event s .
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Fi g. 12. Pi on/ kaon/ pr ot on separ at i on usi ng t he TOF syst em.
Dat a ar e f r om PEP.

K/ p separ at i on up t o 2 . 0 GeV/ c i n moment um. How-

ever , i t shoul d be poi nt ed out t hat t he r esol ut i ons i n

hi gh- mul t i pl i ci t y event s wi l l be sl i ght l y wor se, i mpl yi ng
poor er separ at i on i n t hose cl asses of event s .

The r eassembl ed TOF syst em at t he SLCexper i men-
t al hal l i s moni t or ed by t he same l aser cal i br at i on
syst em whi ch has shown t hat t he const ant s l eadi ng t o

t he r esol ut i on achi eved at PEP ar e st i l l val i d . Dat a f r om

cosmi c r ays at t he SLC pr ovi de f ur t her evi dence t hat

t he r esol ut i on r emai ns at t he pr evi ous l evel .

4. Mar k 11 sol enoi d

The Mar k I I sol enoi d i s a convent i onal cyl i ndr i cal

coi l pr oduci ng a magnet i c f i el d of up t o 5 . 0 kG i n t he

cent er of t he det ect or . I t s t hi ckness i s 1 . 3 r adi at i on

l engt hs . The coi l consi st s of t wel ve al umi num conduc-

t or s wound i n ser i es i nt o f our cont i guous cyl i nder s . The

sol enoi d i s 405 cm l ong, wi t h i nner and out er r adi i of

156 cmand 171 cm, r espect i vel y . For a f i el d of 4. 75 kG,

10

8
z

a 6

a

} P

10 - 1 10 0 10 l 10 2

MOMENTUM ( GeV/ c)

Fi g. 13 . El ect r on- hadr on separ at i on f or dE/ dx wi t hout ( sol i d
l i ne) and wi t h ( dashed l i ne) TOF i nf or mat i on . The di ps i n t he
sol i d l i ne occur when t he not ed par t i cl e and t he el ect r on have

t he same dE/ dx val ue f or t he same moment um ( see f i g. 8) .

G. Abr ann et al / The Mar k I I det ect or f or t he SLC

t he cur r ent i s 7325 A and t he t ot al heat di ssi pat i on i s
1 . 8 MW.

The i nner r adi us of t he coi l i s cover ed by a heat
shi el d whi ch hel ps t o i sol at e i t t her mal l y f r om t he i nner
det ect or component s . A f l ow of 40 1/ mi n of t emper -
at ur e cont r ol l ed wat er t hr ough t he heat shi el d keeps t he

t emper at ur e wi t hi n t he cent r al dr i f t chamber st abl e t o a

f ew degr ees . The magnet i c f i el d i nsi de t he cyl i ndr i cal

vol ume occupi ed by t he dr i f t chamber has been mea-
sur ed and f i t t o a set of pol ynomi al s i n t he coor di nat es

r and z . Wi t hi n t he t r acki ng vol ume t he f i el d i s uni f or m

t o wi t hi n 3% whi l e t he f i t descr i bes t he magnet i c f i el d
wi t h an er r or of l ess t han 0. 1%. The magnet i c f i el d used
i n char ged par t i cl e t r acki ng i s obt ai ned f r om t he f i t
nor mal i zed usi ng t he dat a f r om t wo Hal l pr obes posi -
t i oned at each end of t he cent r al dr i f t chamber . The
absol ut e er r or on t he f i el d st r engt h i s l ess t han 0. 1%.

5. Li qui d ar gon bar r el cal or i met er

The cent r al el ect r omagnet i c cal or i met er of t he Mar k
I I i s a l ead/ l i qui d ar gon sampl i ng devi ce wi t h st r i p
r eadout geomet r y . The cal or i met er syst em consi st s of
ei ght i ndependent l i qui d ar gon cr yost at s encl osed i n a
common vacuum vessel . The syst em was desi gned and
bui l t as par t of t he Mar k 11 at SPEAR [ 16] .

5. 1 . Physi cal descr i pt i on

Each modul e i s 1 . 5 x 3. 8 x 0. 21 m3 . The modul es ar e
ar r anged i n an oct agonal bar r el out si de t he magnet coi l .
Toget her t hey cover t he pol ar angl e r ange of 47 ° < 0 <

133 ° and t he f ul l azi mut hal angl e except f or 3 ° gaps
bet ween each pai r of modul es. The t ot al sol i d angl e

cover age i s 63 . 5%.
Each modul e cont ai ns a st ack of al t er nat i ng l ayer s of

2 mml ead sheet s and l ead st r i ps wi t h t he 3 mmgaps
bet ween t hem f i l l ed wi t h l i qui d ar gon . The l ead i s
st r engt hened wi t h 6% ant i mony t o mi ni mi ze saggi ng.
The st r i ps ar e al i gned ei t her per pendi cul ar t o t he beam
axi s t o measur e t he pol ar coor di nat e 6, par al l el t o t he
beam axi s t o measur e t he azi mut hal coor di nat e 4~ or at
45' r el at i ve t o t he ot her t wo set s of st r i ps ( l abel ed
" U" ) t o ai d i n t r ack r econst r uct i on . Tabl e 2 gi ves t he
det ai l s f or t hi s desi gn .

Spaci ng i s mai nt ai ned bot h bet ween st r i ps and be-
t ween l ayer s by cer ami c spacer s whi ch cont r i but e an
over al l dead space of 5%. I n or der t o r educe t he number
of el ect r oni c channel s many of t he st r i ps ar e ganged
t oget her , bot h f r om st r i p t o st r i p i n cer t ai n l ayer s and

f r om l ayer t o l ayer . The gangi ng r esul t s i n si x i nt er -

l eaved r eadout l ayer s and a t ot al of 326 channel s f or

each modul e . The gangi ng scheme i s shown i n f i g . 14 .

Ther e i s an addi t i onal pai r of 8 mml i qui d ar gon gaps
f or med by 1 . 6 mm t hi ck al umi num sheet s and st r i ps i n



Tabl e 2

Or i ent at i on, wi dt h and number of st r i ps per l ayer i n each

l i qui d ar gon modul e

f r ont of t he l ead st ack t o al l ow cor r ect i ons t o measur ed

shower ener gy f or r adi at i ve l osses i n t he magnet coi l .

The st r i ps ar e or i ent ed i n t he 4) di r ect i on and t her e ar e

36 i n each modul e. Al t oget her , 1 . 86 r adi at i on l engt hs of

mat er i al pr ecede t he l ead st ack. Toget her t hi s mat er i al

and t he cal or i met er r epr esent 16 . 0 r adi at i on l engt hs of

mat er i al at nor mal i nci dence .

5. 2 . Cr yogeni cs syst em

The t ot al vol ume of l i qui d ar gon i n t he modul es i s

6400 1 . The ar gon i s not ci r cul at ed ; i nst ead t he modul es

ar e connect ed t o a common st or age vessel t hr ough gas

phase t r ansf er l i nes . Wi t h an i nsul at i ng vacuumof 10 - 6

Fi g. 14. Gangi ng scheme f or t he channel s i n t he l i qui d ar gon

bar r el cal or i met er .
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Tor r sur r oundi ng t he modul es, t he maj or l oad f or t he

cool i ng syst em i s t he compensat i on f or heat l osses i n

t he t r ansf er l i nes . Temper at ur e i s mai nt ai ned at ap-

pr oxi mat el y 85 K usi ng l i qui d ni t r ogen r ef r i ger at i on at

t he modul e shel l s . The syst em consumes 160 1 of l i qui d

ni t r ogen per hour dur i ng nor mal oper at i on .

5. 3. El ect r oni cs

Char ge pr oduced t hr ough i oni zat i on i n t he l i qui d

ar gon dr i f t s t o t he r eadout st r i ps i n a f i el d of 12

kV/ cm. Each r eadout st r i p i s i mpedance mat ched t o a

TI S75 FET t hr ough a smal l f er r i t e pot cor e t r ansf or mer .

The el ect r oni c noi se i s domi nat ed by Johnson noi se

gener at ed i n t he conduct i on channel of t he FET and i s

mi ni mi zed usi ng a bi pol ar shapi ng ampl i f i er [ 171 wi t h a

r esol vi ng t i me of 1 . 5 Ws . The equi val ent noi se ener gy i n

t he ganged r eadout channel var i es f r om 0 . 3 t o 1 . 5 MeV

and i s a f unct i on of t he capaci t ance of t he channel

whi ch var i es f r om 0. 9 t o 8 nF . The pr eampl i f i er s and

shapi ng ampl i f i er s ar e mount ed on t he det ect or . RF

shi el di ng encl oses t he modul es, t he ampl i f i er s, and t he

t wi st ed- pai r si gnal cabl es t hat r un f r om t he ampl i f i er s

t o t he el ect r oni cs house .

Sampl e- and- hol d modul es ( SHAMs [ 18] ) f ol l ow t he

out put vol t age of t he ampl i f i er s and ar e gat ed t o hol d at

t he peak . The char ge st or ed i n t he SHAMs i s measur ed

wi t h BADCs [ 14] . The BADCi n each of t he si x CAMAC

cr at es per f or ms pedest al subt r act i ons, l i near gai n cor -

r ect i ons, and t hr eshol d cut s . The maxi mum t i me f or

di gi t i zat i on and r educt i on of al l dat a i n a CAMAC

cr at e i s about 8 ms . Thr eshol ds ar e nor mal l y set so t hat

t he noi se occupancy i s about 5%. Af t er t en year s of

oper at i on, t he number of dead channel s i n t he syst em

( due t o f ai l i ng el ect r oni cs or unr epai r abl e i nt er nal l y

shor t ed st r i ps) i s l ess t han 1%.

5. 4. Per f or mance

The measur ed ener gy di st r i but i on f r om Bhabha

scat t er i ng event s at PEP i s shown i n f i g. 15 . The r esol u-

t i on i s a/ E= 4 . 6%, measur ed usi ng t he wi dt h of t he

di st r i but i on at t he hal f maxi mum. However , t he di st r i -

but i on i s not Gaussi an due t o sever al r easons . Dead

space i n t he cal or i met er act i ve vol ume cr eat es a l ow

ener gy t ai l , t he si ze of whi ch depends on t he number of

f ai l i ng channel s i n t he syst em. Sat ur at i on i n t he r eadout

el ect r oni cs f or t he f i r st act i ve l ayer , used t o cor r ect f or

l osses i n t he coi l , f ur t her degr ades t he r esol ut i on f or

hi gh ener gy el ect r ons i n t he upgr ade dat a sampl e . The

gai n i n t he ampl i f i er s f or t he f i r st l ayer has been r e-

duced so t hat sat ur at i on wi l l not af f ect r unni ng at t he

SLC. As f i g. 15 shows, t he Mont e Car l o si mul at i on [ 19] ,

i ncl udi ng t he ef f ect s of dead space and sat ur at i on,

r oughl y r epr oduces t he di st r i but i on . The ener gy depen-

dence of t he r esol ut i on expect ed i n f ut ur e r uns, wi t hout

St r i p
l ayer

Coor di nat e

measur ed

Number

of st r i ps

St r i p wi dt h

[ cm]

Tr i gger 4) 36 3 . 5

1 0 38 3. 5

2 0 100 3 . 5

3 U 70 5 . 4

4 0 38 3 . 5

5 0 100 3 . 5

6 U 70 5 . 4

7 0 40 3 . 5

8 0 100 3 . 5

9 U 70 5 . 4

10 0 40 3 . 5

11 8 100 3 . 5

12 0 100 3 . 5

13 0 100 3 . 5

14 0 40 3 . 5

15 0 40 3 . 5

16 0 40 3 . 5

17 0 40 3 . 5

18 0 40 3 . 5
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Fi g. 15 . Measur ed ener gy di st r i but i on f or t he l i qui d ar gon
cal or i met er f r om Bhabha scat t er i ng event s at PEP. The hi st o-

gr am r epr esent s Mont e Car l o si mul at i on .

sat ur at i on, has been st udi ed usi ng Mont e Car l o pr o-
gr ams and i s shown i n f i g. 16 . The posi t i on r esol ut i on
measur ed wi t h t he Bhabha scat t er i ng event s i s a. = 3
mr ad and a. = 0. 8 cm and bot h measur ement s ar e con-
si st ent wi t h Mont e Car l o si mul at i on .

An i ncl usi ve el ect r on pr oduct i on anal ysi s [ 20] per -
f or med wi t h dat a t aken bef or e t he upgr ade pr ovi des an
exampl e of t he el ect r on- hadr on separ at i on capabi l i t y of
t he bar r el cal or i met er . El ect r ons wer e i dent i f i ed by
compar i ng t he moment ummeasur ed f r om a dr i f t cham-
ber t r ack wi t h t he ener gy deposi t ed i n var i ous gr oupi ngs
of l ayer s i n a nar r ow r egi on ar ound t he ext r apol at ed
t r ack. I n hadr oni c event s, t he i dent i f i cat i on ef f i ci ency
var i ed f r om 78% at 1 GeV/ c t o 93% at t he hi ghest
moment a. The pr obabi l i t y f or mi si dent i f yi ng a hadr on
as an el ect r on was t ypi cal l y 0. 5% but coul d be as l ar ge
as 3% f or t r acks of moment um bel ow 2 GeV/ c i n t he
cor e of a j et . Amor e det ai l ed di scussi on of t he per f or -
mance of t he bar r el cal or i met er can be f ound i n r ef .
[ 21] .

0 . 5 1 2 5 10 20
Ener gy ( GeV)

Fi g. 16 . Mont e Car l o si mul at i on of t he bar r el cal or i met er
ener gy r esol ut i on as a f unct i on of ener gy and angl e of i nci
dence. The t hr ee val ues shown f or angl e of i nci dence ar e 8 . 1'

( open ci r cl es) , 25 . 0 ° ( cl osed ci r cl es) , and 35 . 7 ° ( boxes) .

6 . Endcap cal or i met er

The endcap cal or i met er s ( ECCs) [ 22] wer e added t o
i ncr ease t he el ect r omagnet i c cover age of t he det ect or .
These l ead/ pr opor t i onal t ube cal or i met er s ar e 18 r adi a-
t i on l engt hs ( X0) t hi ck, and cover t he angul ar r egi on
bet ween appr oxi mat el y 15' and 45' f r om t he beam
axi s . The f i r st l ayer of t he cal or i met er i s l ocat ed 1 . 37 m
i n z f r om t he i nt er act i on poi nt . Toget her wi t h t he l i qui d
ar gon cal or i met er , t hey pr ovi de f ul l el ect r omagnet i c
cal or i met r y f or 86% of t he t ot al sol i d angl e ( f i g . 17) .

6. 1 . Physi cal descr i pt i on

Each ECCconsi st s of 36 l ayer s of 0. 28 cm t hi ck l ead
( 0 . 5X0 ) f ol l owed by a pl ane of 191 pr opor t i onal t ubes .
The t ubes ar e al umi num and have a r ect angul ar cr oss
sect i on of 0. 9 X 1 . 5 cm2 . The 191 t ubes ar e gl ued t o-
get her wi t h epoxy t o f or m an annul ar pl ane wi t h i nner
and out er r adi i of 40 cmand 146 cm. A50 Wmdi amet er
St abl ohm 800 ( ni ckel - chr omi um al l oy) wi r e i s st r ung
t hr ough t he cent er of each t ube . Al t er nat i ng l ayer s of
t ubes and l ead ar e bonded t oget her wi t h 0. 02 cm t hi ck
epoxy- sat ur at ed f i ber gl ass cl ot h t o a f l at ness t ol er ance
of 0. 06 cm. The f i r st t went y t ube pl anes ar e or i ent ed
al t er nat el y i n f our di f f er ent di r ect i ons : ver t i cal l y ( X) ,
hor i zont al l y ( Y) , cant ed - 45 ° ( U) , and cant ed +45 °
( V) . The r emai ni ng si xt een l ayer s al t er nat e bet ween X
and Y l ayer s .

The gas ( HRS gas) f l ows at sl i ght l y above at mo-
spher i c pr essur e t hr ough t he pr opor t i onal t ubes at a
r at e of one vol ume per t wo days . The out er r adi us of
t he ECCconsi st s of si xt een 0. 16 cm t hi ck Lexan panel s,
whi ch ar e made gas- t i ght wi t h vi nyl t ape and epoxy.

To compensat e f or t he var i at i on of t he gas gai n wi t h
gas densi t y, t he t emper at ur e i s measur ed wi t h t her mi s-
t or s embedded i n each ECC and t he pr essur e i s mea-
sur ed wi t h t r ansducer s on t he gas i nl et s and out l et s . The
var i at i on of t he ECC r esponse i s l ess t han 2% af t er
cor r ect i ng f or densi t y changes . Thi s st abi l i t y i s ver i f i ed
by t he pul se hei ght spect r um r ecor ded by t wo smal l
t ubes t hat cont ai n 55 Fe sour ces. These t ubes, whi ch ar e

i
0 0 . 2 0 . 4 0 . 6 0 . 8

cose
Fi g . 17 . Tot al cal or i met er t hi ckness ( sol i d l i ne) and number of
sampl i ng l ayer s ( dashed l i ne) vs cos 0 . The shaded ar ea shows

t he r egi on used f or cal cul at i ng t he sol i d angl e cover age .
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Fi g. 18 . Response of t he endcap cal or i met er t o smal l number s

( 1- 5) of 10 GeV posi t r ons .

mount ed on t he i nl et and out l et of t he gas syst em f or

each ECC, ar e pr i mar i l y used t o moni t or t he gas qual -

i t y .

The si gnal s f r om sever al t ubes ar e ganged t oget her t o

r educe t he number of el ect r oni c channel s t o 1276 per

endcap . Tubes ar e gr ouped i n dept h and i n some cases

l at er al l y t o gi ve 10 i nt er l eaved measur ement s of t he

l ongi t udi nal shower devel opment . The gangi ng f ol l ows

a pr oj ect i ve geomet r y so t hat al l t ubes i n a channel he

appr oxi mat el y i n a pl ane cont ai ni ng t he i nt er act i on

poi nt .

The f i r st hal f of t he r eadout el ect r oni cs [ 23] of t he

ECCs consi st s of char ge- sensi t i ve pr eampl i f i er s and

shapi ng ampl i f i er s mount ed i n el ect r oni cs cr at es cl ose

t o t he det ect or . These ar e connect ed t o t he t ube anodes

by coaxi al cabl es t hat car r y bot h hi gh vol t age and

si gnal s . The second par t of t he syst em i s a set of SHAM

I t s and BADCs [ 18, 14] l ocat ed i n t he el ect r oni cs bui l d-

i ng . The syst em i s cal i br at ed by i nj ect i ng a var i abl e

amount of char ge i nt o t he f r ont end of t he pr eampl i -

f i er s . Dur i ng r eadout , pedest al and gai n cor r ect i ons ar e

appl i ed t o t he dat a and a t hr eshol d cut i s made.
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6. 3. Per f or mance

One of t he ECCs was t est ed i n a posi t r on beam and

a pi on beam pr i or t o i nst al l at i on . Fi g . 18 shows t he

r esponse of t he ECC t o pul ses cont ai ni ng bet ween one

and f i ve 10 GeV posi t r ons . The f i ve peaks ar e cl ear l y

di st i ngui shabl e. The beam t est dat a has been used t o

devel op al gor i t hms t hat r ej ect 99% of i sol at ed pi ons

whi l e r et ai ni ng 95% of el ect r ons at a moment um of 5

GeV/ c .

A st udy of Bhabha scat t er i ng event s i n t he ECCs at

PEP gave an ener gy r esol ut i on of 22%/ F ( E i n GeV) .

Si nce t he PEP r un t her e has been a subst ant i al decr ease

i n t he number of dead channel s and an i mpr ovement i n

t he gas t i ght ness of t he syst em, so t hi s r esol ut i on may

wel l i mpr ove. A posi t i on r esol ut i on of 0. 27 cm i n bot h

t he x and y di r ect i ons was measur ed.

A mi ni mum- i oni zi ng par t i cl e t r aver si ng an ECC de-

posi t s ener gy equi val ent t o a 380 MeV phot on . The

r eadout el ect r oni cs ar e qui et and sensi t i ve enough t o

al l ow t hi s t r ack t o r econst r uct ed i n t he pr esence of l ow

backgr ounds .

7. Muon syst em

7. 1 . Physi cal descr i pt i on

65

The Mar k I I muon syst em i s made up of l ayer s of

hadr on absor ber and pr opor t i onal t ubes mount ed on

f our si des ar ound t he cent r al det ect or . Each wal l of t he

muon syst em consi st s of f our al t er nat i ng l ayer s of i r on

and pr opor t i onal t ubes . The sol i d angl e cover age i s 45%

at t he out er most l ayer , and t he t ot al number of i nt er ac-

t i on l engt hs i s 7. 3 . The t ubes i n t he i nner most l ayer ar e

or i ent ed per pendi cul ar t o t he beamdi r ect i on t o measur e

t he pol ar coor di nat e of a t r ack, whi l e t he t ubes i n t he

out er t hr ee l ayer s ar e or i ent ed par al l el t o t he beam

di r ect i on t o measur e t he azi mut hal coor di nat e. The

t hi ckness of t he muon absor ber and t he di st ance of each

pl ane of chamber s f r om t he i nt er act i on poi nt ar e shown

i n t abl e 3 .

Tabl e 3

Muon absor ber geomet r y : d i s t he per pendi cul ar di st ance of t he absor ber f r om t he i nt er act i on poi nt ; X i s t he t hi ckness of t he
absor ber i n nucl ear i nt er act i on l engt hs

Level East

d [ m] a

Top

d [ m]

West

d [ ml a

Bot t om

d [ m]

Bef or e 1 1 . 17 1 . 17 1. 17 1. 17

1 3 . 2 1 . 38 2. 5 1 . 38 3. 2 1. 38 2. 5 1 . 38

2 3 . 6 1 . 40 2. 8 1. 40 3. 6 1. 40 2. 8 1. 40

3 4. 0 1 . 85 3. 2 1 . 18 4. 0 1. 85 3 . 2 1 . 85

4 4. 5 1 . 49 3. 6 1. 40 4. 5 1. 49 3 . 6 1 . 85

Tot al 7. 29 7. 16 7. 29 7. 65
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7. 2. Per f or mance

Fi g . 19 . Cr oss sect i on of a muon modul e .

Each muon l ayer consi st s of ext r uded al umi num

modul es made up of ei ght t r i angul ar t ubes as i l l ust r at ed

i n f i g. 19 . The wi r e spaci ng of 2 . 5 cm was chosen t o

appr oxi mat el y mat ch t he expect ed mul t i pl e- scat t er i ng

devi at i on f or a par t i cl e passi ng t hr ough each l ayer of

absor ber . Each t ube cont ai ns a 45 I . mwi r e of gol d- pl at ed

t ungst en hel d at a vol t age of 2 . 0 kV. The gas used i n t he

t ubes i s a mi xt ur e of 95% Ar and 5% COz at a pr essur e

sl i ght l y above at mospher i c .

Ther e ar e 3264 channel s ( 408 modul es) i n t he ent i r e

muon syst em. Si gnal s f r om each wi r e ar e di scr i mi nat ed

at a l evel of 2 mV and st or ed i n a shi f t r egi st er ar r ay f or

r eadout i n a ser i al chai n upon r ecei pt of a t r i gger si gnal .

Si nce i t i s a di gi t al syst em, no cal i br at i on i s necessar y .

Pul si ng t he hi gh- vol t age l i ne and r eadi ng out al l chan-

nel s al l ow t he i nt egr i t y of t he r eadout syst em t o be

checked at t he begi nni ng of each dat a- t aki ng r un.

The muon syst em pr ovi des an i dent i f i cat i on ef -

f i ci ency of t ypi cal l y gr eat er t han 85%f or i nci dent t r acks

wi t h moment umgr eat er t han = 1 . 8 GeV/ c . Bel ow t hi s

moment um al l char ged par t i cl es ar e expect ed t o r ange

out bef or e t he f our t h l ayer , due t o dE/ dx l osses .

Chamber i nef f i ci enci es ar e = 1- 2% per pl ane .

To r ej ect backgr ound f r om hadr oni c puncht hr ough

and muoni c decays of pi ons and kaons i n mul t i hadr oni c

event s, we t ypi cal l y r equi r e an ext r apol at ed dr i f t cham-

ber t r ack t o have associ at ed hi t s i n al l f our l ayer s . These

hi t s ar e r equi r ed t o be wi t hi n a sear ch r egi on of t wi ce

t he expect ed r ms devi at i on due t o mul t i pl e scat t er i ng

and t r ack ext r apol at i on er r or . Usi ng t hi s st r i ct r equi r e-

ment , t he obser ved i dent i f i cat i on ef f i ci ency f or muons

i n mul t i hadr oni c event s i n t he pr e- upgr ade dat a sampl e

was = 85%. The obser ved per t r ack muon mi si dent i f i ca-

t i on pr obabi l i t y was = 0 . 5% at l ow moment a, r i si ng t o

= 0 . 8% at 10 GeV/ c . At SLC ener gi es t he i ncr eased

t r ack densi t i es and moment a wi l l l ead t o mor e hi t s i n

t he muon syst em. However , t he mi si dent i f i cat i on pr ob-

abi l i t y i s not expect ed t o be subst ant i al l y hi gher t han at

PEP as t he bet t er posi t i on r esol ut i on of t he new dr i f t

chamber l eads t o a smal l er sear ch r egi on i n each muon

syst em l ayer .
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8. Lumi nosi t y moni t or s

Two det ect or s whose mai n f unct i on i s t o measur e

pr eci sel y t he i nt egr at ed l umi nosi t y have been bui l t espe-

ci al l y f or SLC r unni ng. The Smal l - Angl e Moni t or ( SAM)

cover s t he angul ar r ange 50 mr ad < 0 < 160 mr ad, and

t he Mi ni - Smal l - Angl e Moni t or ( Mi ni - SAM) cover s 15

mr ad < 0 < 25 mr ad . Bot h det ect or s use smal l - angl e

Bhabha scat t er i ng t o measur e l umi nosi t y, and bot h de-

t ect or s pr ovi de r ej ect i on of r adi at i ve Bhabha back-

gr ounds i n neut r i no- count i ng exper i ment s .

8. 1 . Smal l - angl e moni t or

8. 1 . 1 . Mechani cal desi gn

The SAM consi st s of a t r acki ng sect i on wi t h ni ne

l ayer s of dr i f t t ubes and a sampl i ng cal or i met er wi t h si x

l ayer s each of l ead and pr opor t i onal t ubes ( see f i g. 20) .

Each l ayer of l ead i s 13 . 2 mm t hi ck, gi vi ng a t ot al of

14 . 3 r adi at i on l engt hs . Ther e ar e f our SAMmodul es,

t wo on each si de of t he i nt er act i on poi nt ( I P) . The f r ont

f ace of t he SAM i s 1 . 38 mf r om t he I P. Pai r s of SAM

modul es ar e assembl ed ar ound t he beam pi pe as i s

shown i n f i g . 21 . The l ayer s ar e ar r anged i n t hr ee

di f f er ent or i ent at i ons . The t ubes i n t he f i r st l ayer ( Y)

ar e hor i zont al and t he ot her t wo l ayer s ( U, V) ar e

r ot at ed ± 30 ° f r om Y when l ooki ng at t he f r ont f ace of

t he SAM f r om t he I P. For bot h t he t r acki ng and

cal or i met r y l ayer s, t he pat t er n of l ayer or i ent at i on i s a

ser i es of r epeat i ng t r i pl et s YUV as seen f r om t he I P.

Bot h t he dr i f t and pr opor t i onal wi r e pl anes ar e con-

st r uct ed f r om squar e al umi num t ubes 9 . 47 mm wi de

wi t h a wal l t hi ckness of 0 . 25 mm. The sense wi r e i n each

t ube consi st s of 38 g mdi amet er gol d- pl at ed t ungst en .

Posi t i ve hi gh vol t age i s appl i ed t o t he sense wi r es wi t h

r espect t o t he t ube wal l , whi ch i s at gr ound pot ent i al .

Thi s vol t age i s 1800 V f or t he t r acki ng t ubes and 1700 V

f or t he cal or i met er t ubes. Each of t he f our SAMmod-

ul es cont ai ns 30 t ubes per l ayer , gi vi ng 270 t r acki ng and

180 cal or i met er cel l s per modul e . Al l t ubes oper at e wi t h

180 160 140 120

Hor i zont al Di st ance f r om I P

	

( cm)

0

Fi g. 20 . Si de vi ew of one of t he f our SAMmodul es showi ng i t s

l ocat i on i nsi de t he Mar k 11 det ect or .
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Fi g. 21 . Vi ew of t wo SAMmodul es as seen f r om t he i nt er ac-

t i on poi nt . The f i gur e shows t he or i ent at i on of dr i f t and
pr opor t i onal t ubes as wel l as t he met hod of assembl y ar ound

t he beampi pe .

HRS gas. Si nce t he gai n depends st r ongl y on t he den-

si t y, t he t emper at ur e and pr essur e of t he gas ar e moni -

t or ed by t her mi st or s and t r ansducer s mount ed on t he

SAMmodul es .

8. 1 . 2 . El ect r oni cs
The el ect r oni cs f or t he t r acki ng par t of t he SAM

consi st of LeCr oy LD604 ampl i f i er / di scr i mi nat or s and

TACs [ 18] t hat ar e r ead out by BADCs [ 14] . The

cal or i met er par t i s i nst r ument ed wi t h cust om- desi gned

ampl i f i er s and t he si gnal s ar e st or ed i n SHAMS [ 18]

whi ch ar e al so r ead out by BADCs.
Cal i br at i on pul ses ar e i nj ect ed at t he i nput t o t he

ampl i f i er wi t h var i abl e t i me del ays and const ant pul se

hei ght f or TACs and wi t h const ant t i me del ay and

var i abl e pul se hei ght s f or SHAMs. The r esul t i ng si gnal s

ar e f i t l i near l y or quadr at i cal l y t o ext r act t he cal i br at i on

const ant s t hat ar e t hen st or ed i n t he BADCs f or subse-

quent appl i cat i on t o i ncomi ng dat a.

8. 1 . 3. Per f or mance

One of t he f our i dent i cal SAMmodul es was t est ed i n

a beamof posi t i ons at 5, 10 and 15 GeV. The measur ed
t r acki ng r esol ut i on was 250 ~Lm, whi ch yi el ds an i nt r i n-

si c angul ar r esol ut i on f or Bhabha t r acks of 0. 2 mr ad
assumi ng t he SLC i nt er act i on poi nt i s known. The

measur ed ener gy r esol ut i on i n t he r ange of 5- 16 GeV

can be par amet r i zed by a/ E= 45%/ V_E ( E i n GeV)

f or shower s near t he cent er of t he SAMact i ve ar ea. The
r esol ut i on wor sens somewhat at t he edges because of
r adi al shower l eakage. Longi t udi nal shower l eakage i n-
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cr eases f r om 9% at 5 GeV t o about 22%at 50 GeV, and

f l uct uat i ons i n t hi s l eakage degr ade t he ener gy r esol u-

t i on. The posi t i on r esol ut i on f or l ocat i ng shower s wi t h

j ust t he cal or i met er sect i on of t he SAMi s 5 mm. Thi s

number i s used f or mat chi ng t r acks wi t h shower s and

al so r epr esent s t he pr eci si on wi t h whi ch phot ons ent er -

i ng t he SAMcan be l ocat ed. The SAMBhabha r at e i s

est i mat ed t o be r oughl y 20%hi gher t han t he vi si bl e Z°

r at e. The expect ed syst emat i c er r or on t he l umi nosi t y

measur ement i s = 2%.

8. 2. Mi ni - Smal l - Angl e Moni t or

8. 2 . 1 . Mechani cal desi gn
The Mi ni - SAM sur r ounds t he beam pi pe at 2. 05 m

on ei t her si de of t he I P ( see f i g. 22) . I t i s composed of

si x l ayer s of 0. 64 cm t hi ck sci nt i l l at or ( BC404 [ 24]

pl ast i c) i nt er l eaved wi t h 0. 79 cm t hi ck t ungst en sl abs

pr ovi di ng 15 r adi at i on l engt hs i n t ot al t hi ckness and

r esul t i ng i n an expect ed ener gy r esol ut i on of 35%/ F

( E i n GeV) . The f i r st sci nt i l l at or l ayer i s pr eceded by
t wo l ayer s of t ungst en ( 4 . 5 r adi at i on l engt hs) as a pr e-
r adi at or . The l ayer s ar e di vi ded i nt o f our equal azi mut hal
segment s, each r ead out wi t h a Hamamat su k2490
phot omul t i pl i er t ube vi ewi ng a wavel engt h shi f t er bar
r unni ng t he l engt h of each azi mut hal segment . Angul ar
accept ance wi ndows ar e shar pl y def i ned by 5. 0 cmt hi ck

coni cal t ungst en masks ( 15 r adi at i on l engt hs) . These

masks ar e asymmet r i c ; t hi s r educes changes i n accep-

t ance due t o mot i on of t he i nt er act i on poi nt , mot i on of
t he cent er - of - mass of t he el ect r on- posi t r on syst em and
br emsst r ahl ung . The angul ar accept ance i s 15 . 2 mr ad <

B < 25 . 0 mr ad on one si de of t he I P, and 16 . 2 mr ad < 9

< 24. 5 mr ad on t he ot her si de .

8. 2. 2. El ect r oni cs
The Mi ni - SAM r eadout el ect r oni cs ar e descr i bed

bel ow i n t he chapt er on smal l el ect r omagnet i c shower

det ect or s. The Mi ni - SAM i s r ead out on ever y t r i gger t o

moni t or noi se and t o pr ovi de el ect r on det ect i on f or

EU
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Fi g. 22. Smal l - angl e cover age i n t he MARK 11.
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Si gnal used :
12SzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 23N or 23S " 12N
or 34S - 14N or 14S " 34N

I _205 cm

Fi g . 23. Geomet r y of t he Mi ni - SAM. As an exampl e, i n t he

" Si gnal Used" def i ni t i on, 12S means t he si gnal sum of

quadr ant s 1 and 2 bei ng over a Bhabha t hr eshol d i n t he sout h

moni t or .

vet oi ng event s i n st udi es such as neut r i no count i ng. I n

addi t i on, coi nci dences ar e scal ed and r ead out at f our -

mi nut e i nt er val s t o pr ovi de an onl i ne l umi nosi t y mea-

sur ement . Si gnal s ar e al so sent f r om t he Mi ni - SAM t o

t he t r i gger l ogi c t o pr ovi de an addi t i onal Bhabha t r i g-

ger .

8. 2 . 3 . Per f or mance

The Mi ni - SAM as i nst al l ed was not t est ed i n a

beam; however , a ver y si mi l ar pr ot ot ype was pl aced i n a

10 GeV e - t est beam, and t hese t est s conf i r med EGS

[ 251 shower st udi es of bot h t he shower pr of i l e and t he

pr edi ct ed per f or mance of t he t ungst en aper t ur e masks .

A t est of t he i nt egr i t y of t he Mi ni - SAM has been done

usi ng cosmi c r ays . The obser ved cosmi c r ay si gnal s have

been used t o set an appr oxi mat e ener gy scal e f or t he

devi ce .

To make a measur ement of t he l umi nosi t y, smal l - an-

gl e Bhabha pai r s must be det ect ed above a pot ent i al l y

l ar ge backgr ound f r om t he SLC beams . A Bhabha pai r

i s def i ned by back- t o- back coi nci dences of di s-

cr i mi nat ed si gnal sums of adj acent azi mut hal segment s

as shown i n f i g . 23 . The r at e of acci dent al s i s measur ed

by del ayi ng si gnal s f r om t he sout h Mi ni - SAM unt i l t he

next beam cr ossi ng and f or mi ng coi nci dences wi t h

undel ayed si gnal s f r om t he nor t h moni t or , and by f or -

mi ng coi nci dences bet ween azi mut hal segment s whi ch

ar e not back- t o- back . The t ungst en masks def i ni ng t he

angul ar accept ance r esul t i n a Mi ni - SAM Bhabha r at e

of appr oxi mat el y ei ght t i mes t he t ot al est i mat ed vi si bl e

Z o r at e at ~s =Mz . A l umi nosi t y measur ement wi t h a

10% st at i st i cal er r or at a l umi nosi t y of 10 29 cm
- 2

s - '

woul d t her ef or e t ake 1 . 1 h .

9. Smal l el ect r omagnet i c shower det ect or s

The r equi r ement s of her met i ci t y and l ow- angl e

cover age have pr ompt ed t he desi gn and const r uct i on of

f our smal l det ect or syst ems whi ch pr ovi de shower coun-

t er cover age i n t he sol i d angl e r egi ons not cover ed by

t he mai n cal or i met er s . Fi g . 22 shows t he smal l - angl e
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cover age i n t he 15- 250 mr ad r egi on pr ovi ded by t hr ee

of t he syst ems descr i bed bel ow al ong wi t h t he SAMand

t he Mi ni - SAM. The f unct i ons of t hese det ect or s i ncl ude

l umi nosi t y and noi se moni t or i ng as wel l as det ect i ng

el ect r ons and/ or phot ons escapi ng t hr ough cr acks .

The phot omul t i pl i er t ube si gnal s f r om t hese f our

det ect or syst ems and t he Mi ni - SAM ar e r ead out and

pr ocessed as a gr oup, usi ng a BADC- SHAMI V combi -

nat i on [ 14, 261 si mi l ar t o t hat used by t he l i qui d ar gon

bar r el and endcap cal or i met er syst ems . Cal i br at i on and

a check of syst em i nt egr i t y i s per f or med by f l ashi ng

LEDs mount ed i n det ect or el ement s . The br i ght ness of

t he LED f l ash i s var i ed under CAMAC cont r ol by

changi ng t he t i me wi dt h of t he LED dr i vi ng pul se .

Thr ee CAMAC- cont r ol l ed LeCr oy 4032A 32- channel

hi gh- vol t age uni t s ar e used t o suppl y t he phot omul t i -

pl i er t ube hi gh vol t ages .

9. 1 . Cat cher / Mask Pl ug

The Cat cher / Mask Pl ug i s l ocat ed bet ween 25 and

40 mr ad i n 0 and sur r ounds t he beampi pe 1 . 02 mon

ei t her si de of t he i nt er act i on poi nt . I t consi st s of t wo

l ayer s of SCSN- 38 sci nt i l l at or separ at ed by a l ayer of

t ungst en, al l i n t he shape of f l at annul i . Li ght i s col -

l ect ed by wavel engt h shi f t er bar wr apped ar ound t he

out er r adi us of t he det ect or i n 180 ° segment s . Opt i cal

f i ber s at one end of each wavel engt h shi f t er segment

l ead t he l i ght out t o Amper ex XP2262 phot omul t i pl i er

t ubes mount ed out si de of t he sol enoi dal magnet i c f i el d

vol ume .

The Cat cher / Mask Pl ug act s as a cr ude l umi nosi t y

moni t or , as i t det ect s Bhabha scat t er i ng event s at a r at e

of one- t hi r d of t hat of t he Mi ni - SAM. Mor e i m-

por t ant l y, i n conj unct i on wi t h t he act i ve mask, i t i s used

t o vet o r adi at i ve Bhabha event s whi ch ar e a backgr ound

t o neut r i no count i ng .

9. 2 . Act i ve Mask

The Act i ve Mask i s a Cher enkov det ect or l ocat ed

i nsi de a t ungst en synchr ot r on r adi at i on mask posi t i oned

63 . 5 cm f r om t he i nt er act i on poi nt . The det ect or com-

pr i ses of t hr ee cyl i ndr i cal l ayer s of hi gh pur i t y si l i ca

opt i cal gl ass f i ber s ( 2400 f i ber s per mask, each f i ber 230

g m i n di amet er ) sandwi ched bet ween l ayer s of l ead,

each about 0 . 14 cm t hi ck, whi ch act as a pr er adi at or .

The r esul t i ng el ect r omagnet i c shower s r adi at e Cher en-

kov l i ght i n t he gl ass f i ber s whi ch al so t r anspor t t he

l i ght f r om t he det ect or . Upon l eavi ng t he mask, t he

f i ber s ar e col l ect ed i nt o bundl es whi ch ar e l ed al ong t he

beam pi pe and out of t he hi gh magnet i c f i el d r egi on.

Each f i ber bundl e i s t hen vi ewed by an Amper ex 2252H

phot omul t i pl i er t ube. The out er l ayer of opt i cal f i ber s i s

r ead out i ndependent l y of t he i nner t wo l ayer s t o al l ow

a coi nci dence t o be made .



The Act i ve Mask pr ovi des cover age f or t he r egi on

bet ween t he SAMand t he Mask Pl ug ( 30 mr ad < 0 < 50

mr ad) , and al so act s as a backgr ound moni t or f or

of f - ener gy el ect r ons t hat st r i ke t he beam pi pe . Beam

t est dat a f or a pr ot ot ype showed a yi el d of 1 or 2

phot oel ect r ons per GeV of i nci dent el ect r on ener gy .

9. 3 . Endcap Vet o Count er

The pur pose of t he Endcap Vet o Count er i s t o det ect

ener get i c el ect r ons and phot ons ( 2- 50 GeV) whi ch coul d

ot her wi se pass undet ect ed bet ween t he SAM and t he

endcap cal or i met er . I t s ef f i ci ency i s pr edi ct ed by com-

put er si mul at i on t o be gr eat er t han 99% i n t hi s ener gy

r ange.

The Endcap Vet o Count er i s an annul ar el ect r omag-

net i c shower count er l ocat ed bet ween t he endcap

cal or i met er and t he endcap door . I t i s l ocat ed at a

di st ance i n z of 1 . 9 mf r om t he i nt er act i on poi nt and

cover s an angul ar r egi on of 150- 250 mr ad i n 0. The

count er i s composed of f our al t er nat i ng l ayer s of l ead

and sci nt i l l at or r esul t i ng i n a t ot al of 4 . 6 r adi at i on

l engt hs of mat er i al . Ei ght wavel engt h shi f t er bar s col l ect

t he l i ght si gnal f r om equal sect i ons of t he out er edges of

t he sci nt i l l at or l ayer s . The l i ght i s t hen t r ansmi t t ed

t hr ough opt i cal f i ber s t o Amper ex 56AVP phot omul t i -

pl i er t ubes . By t aki ng a wei ght ed aver age of phot omul t i -

pl i er si gnal s, a t ypi cal ¢ r esol ut i on of a. = 10 ° was

measur ed wi t h cosmi c r ays ; t he same r esol ut i on i s ex-

pect ed f or a 50 GeV el ect r on .

9. 4. Li qui d Ar gon Hol e Tagger s

For I cos 01 < 0 . 7, at each j unct i on bet ween l i qui d

ar gon cal or i met er modul es, a 3 ° r egi on i n 0 i s not

i nst r ument ed wi t h cal or i met r y . Li qui d Ar gon Hol e

Tagger count er s ar e mount ed on t he out si de sur f ace of

t he l i qui d ar gon cr yost at t o f i l l i n t hese " cr acks" and t o

det ect phot ons escapi ng t hr ough t hem. They al so pr o-

vi de a ver y cr ude ener gy measur ement t o assi st i n t he

cor r ect i on of t he ener gy measur ement of shower s near

or i n cr acks bet ween modul es .

Each count er consi st s of a sl ab of 2. 5 cm t hi ck

sci nt i l l at or , 20 cmwi de and 1 . 65 ml ong, at a r adi us of

2. 4 mf r om t he i nt er act i on poi nt . Each count er i s f aced

wi t h 1 . 9 cmof l ead pr er adi at or , whi ch, al ong wi t h ot her

det ect or el ement s, gi ves a t ot al of 6 r adi at i on l engt hs of

mat er i al pr ecedi ng t he sci nt i l l at or . A Mont e Car l o si mu-

l at i on i mpl i es t hat t hi s shoul d r esul t i n a det ect i on

ef f i ci ency of gr eat er t han 98% f or el ect r ons and phot ons

wi t h ener gi es above 1 GeV. The sci nt i l l at or i s vi ewed at

bot h ends by Amper ex XP2230 phot omul t i pl i er t ubes .

A si ngl e hi t posi t i on r esol ut i on of a. = 35 cm i s ob-

t ai ned f or cosmi c r ays by compar i ng r el at i ve si gnal

pul se hei ght s at each end . Due t o i nt er f er ence f r om

cr yogeni c pl umbi ng, i ndi vi dual count er s coul d not ex-
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t end t he ent i r e l engt h of t he l i qui d ar gon cr yost at , so

addi t i onal shor t er hol e t agger count er s ar e pl aced t o

cover t he r emai ni ng uni nst r ument ed r egi on . The cr ack

bet ween t he modul es at q) = 270 ° coul d not be i nst r u-

ment ed due t o physi cal const r ai nt s .

10 . Tr i gger syst em

10. 1 Dat a t r i gger

6 9

The t r i gger used f or r unni ng at t he SLC combi nes a

modi f i cat i on of t he t r i gger used at PEP wi t h new

FASTBUS- based l ogi c . At SLC t he beamcr ossi ng r at e

can r ange bet ween 10 and 180 Hz, al t hough i t i s not

expect ed t o exceed 120 Hz dur i ng t he Mar k I I exper i -

ment . Si nce t hi s al l ows suf f i ci ent t i me t o r un t he t r i gger

l ogi c on ever y beam cr ossi ng, beam cr ossi ng si gnal s

suppl i ed by t he accel er at or pr ovi de t he pr i mar y t r i gger .

These si gnal s al so pr ovi de a hi ghl y accur at e t i mi ng

r ef er ence f or t he el ect r oni c syst ems of t he det ect or

component s . The i nt er f ace bet ween t he t r i gger l ogi c and

t he host VAX i s pr ovi ded vi a CAMAC by t he Mast er

I nt er r upt Cont r ol l er ( MI C) modul e.

Ther e ar e t hr ee component s of t he nor mal dat a

t r i gger . They use i nf or mat i on f r om t he cent r al dr i f t

chamber , el ect r omagnet i c cal or i met er s and smal l - angl e

moni t or s . Each component oper at es i ndependent l y and

pr ovi des a degr ee of r edundancy t o assi st i n moni t or i ng

t he per f or mance of t he ot her component s . Thi s r e-

dundancy i s al so used t o measur e t hei r r el at i ve t r i gger

ef f i ci enci es .

10. 1 . 1 . Char ged par t i cl e t r i gger

The char ged par t i cl e t r i gger uses a f ast t r ack- f i ndi ng

pr ocessor [ 27] t o count t he number of char ged t r acks

t r aver si ng t he dr i f t chamber . Pat t er n r ecogni t i on can be

done wi t h up t o 12 det ect or l ayer s ; cur r ent l y, t he 12

l ayer s of t he cent r al dr i f t chamber ar e used . No i nf or -

mat i on about t he z- coor di nat e i s used . Thi s desi gn

r equi r es appr oxi mat el y 60 ~t s t o count t he char ged

t r acks .

A dr i f t chamber cel l i s consi der ed " hi t " when at

l east f our of t he si x sense wi r es i n t he cel l have si gnal s

det ect ed by t he TDCs . ( The number of wi r es whi ch

det er mi ne a hi t i s pr ogr ammabl e . ) Thi s r equi r ement i s a

power f ul means of r ej ect i ng backgr ounds whi ch do not

pr oduce t r ack segment s . Requi r i ng a t r ack t o t r aver se

mor e t han hal f a cel l pr oduces a geomet r i cal i nef f i -

ci ency of l ess t han 0 . 5% f or t r acks of p t >_ 1 GeV/ c .

The pat t er n of hi t s i n each l ayer i s l oaded i nt o a shi f t

r egi st er and t r ansf er r ed ser i al l y i nt o speci al har dwar e

cur ve- f i ndi ng or " cur vat ur e" modul es as shown i n f i g .

24 . Each cur vat ur e modul e i s pr ogr ammed t o i dent i f y

pat t er ns of hi t s f al l i ng wi t hi n a speci f i c r ange of r adi i of
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Fi g. 24. Bl ock di agr amof t he char ged par t i cl e t r i gger .

cur vat ur e cal l ed a r oad. These modul es cur r ent l y r e-
qui r e hi t s i n at l east f i ve axi al and f i ve st er eo l ayer s t o
def i ne a t r ack, but can al so be pr ogr ammed t o r equi r e
any pat t er n of l ayer s .

Tr ack count er s ar e used t o r ecor d t he t ot al number
of t r acks f ound as wel l t he azi mut h of each t r ack . Al l
t r acks f ound by al l cur vat ur e modul es wi t hi n - 10 ° i n
azi mut h of each ot her ar e count ed as a si ngl e t r ack . The
t ot al number of t r acks f ound i s encoded i nt o t wo bi t s
whi ch ar e passed t o t he MI C f or t he t r i gger deci si on .

10. 1 . 2 . Cal or i met er ener gy t r i gger
The cal or i met er ener gy t r i gger uses a t abl e of con-

st ant s st or ed i n a memor y modul e t o f i nd event s wi t h
t opol ogi es of i nt er est . The event t opol ogy i s def i ned by
t hr eshol ds pl aced on t he ener gy deposi t ed i n t he l i qui d
ar gon, endcap and SAMcal or i met er s, and i n smal l - an-
gl e count er s .

A pr ogr ammabl e Memor y Logi c Modul e ( MLM)
encodes 32 i nput bi t s i nt o t wo out put bi t s whi ch ar e
r et ur ned t o t he MI C; t hi s r equi r es a f ew hundr ed
nanoseconds . The MLM uses i nf or mat i on f r om t he
SAM, Mi ni - SAM and act i ve mask t o f or m a l ow- angl e
Bhabha t r i gger f or l umi nosi t y moni t or i ng, whi l e
cal or i met er i nf or mat i on i s used f or t he Tot al Ener gy
Deposi t i on ( TED) t r i gger . The TED t r i gger uses gr oups
of ei ght adj acent channel s ( st r i ps i n t he l i qui d ar gon
cal or i met er ; pr opor t i onal t ubes i n t he endcap) whi ch
ar e summed at t he det ect or . The sum r epr esent i ng each
LA modul e i s compar ed wi t h a t hr eshol d vol t age by a
st r obed di scr i mi nat or [ 28] . The sum f or each endcap i s
f ed i nt o t wo di scr i mi nat or s wi t h di f f er ent t hr eshol ds .
The val ue of t hese t hr eshol ds i s ul t i mat el y l i mi t ed by
t he maxi mumt r i gger r at e per mi t t ed by t he dat a acqui si -
t i on syst em.

10. 1 . 3. SSP- based sof t war e t r i gger ( SST)
The SST was mor e r ecent l y desi gned t o dupl i cat e t he

capabi l i t y of t he TED t r i gger and, i n addi t i on, t o pr o-
vi de new sof t war e f l exi bi l i t y f or i mpr ovi ng bot h i t s
noi se sensi t i vi t y and pat t er n r ecogni t i on char act er i st i cs .
The r edundancy avai l abl e t o t he t wo t r i gger s can al so
pr ovi de an i mpor t ant cr oss check f or cal or i met er t r i g-
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ger i ng . A SLAC Scanner Pr ocessor ( SSP) i s t he compo-
nent of t he SST whi ch pr ocesses t he cal or i met r i c dat a i n
a much mor e f l exi bl e manner t han t he TED t r i gger .
Copi es of t he LA and EC t r i gger sums ar e made by
summi ng/ buf f er boar ds whi ch ar e t hen di gi t i zed by
LeCr oy 1885N FASTBUS ADCs . I n one pass t he SSP
r eads out t he ADCs and def i nes " hi t s" based on t hr ee
sof t war e t hr eshol ds . Tr i gger al gor i t hms t hen f i nd cal or i -
met r i c " t ower s" ( cl ust er s of ener gy whi ch poi nt t o t he
I P) by usi ng t he hi t s t o i ndex a t abl e of pr ecal cul at ed
pat t er ns . ( The compl exi t y of t he al gor i t hm i s con-
st r ai ned onl y by t he t i me avai l abl e bet ween beamcr oss-
i ngs. ) Si nce onl y t he ener gi es of t he channel s cont r i b-
ut i ng t o a t ower ar e summed, t he SST el i mi nat es noi se
f r om ot her channel s i n t he modul es. Mor e det ai l s on t he
SST syst em may be f ound i n r ef . [ 29] .

I n addi t i on t o t he cal or i met er s, t he SST r eads out
var i ous moni t or s t hr ough i t s ADCs . Ther e ar e 48 i oni -
zat i on chamber s i n t he l ast sect i on of t he SLCbeaml i ne,
and 16 pr opor t i onal t ubes al ong t he beaml i ne i n t he
exper i ment al hal l ( and i nsi de t he Mar k I I ) . An i ncr ease
i n t he si gnal s f r om t hese moni t or s i s i ndi cat i ve of var i -
ous accel er at or - r el at ed pr obl ems such as kl yst r on t ube
and magnet f ai l ur es or mi s- st eer i ng of t he beams .

10. 2 . Cosmi c r ay t r i gger

Cosmi c r ay event s ar e needed f or debuggi ng and
per f or mance eval uat i on of i ndi vi dual det ect or compo-
nent s, i ncl udi ng t he char ged par t i cl e t r i gger . Cosmi c
r ays can be r ecor ded bet ween beamcr ossi ngs or dur i ng
dedi cat ed cosmi c r ay r uns . The t r i gger i s ei t her t he
nor mal char ged par t i cl e t r i gger or a copl anar t r ack
f i nder ( CTF) t hat i s used t o l ook speci f i cal l y f or back-
t o- back t r acks . The CTF uses t wo cur vat ur e modul es t o
est i mat e t he azi mut h of t r acks, and r et ur ns a bi t t o t he
MI Cwhen a pai r of t r acks i s f ound t hat ar e copl anar t o
wi t hi n - 11 ° . The TOF syst em pr ovi des t he absol ut e
t i me measur ement of t he cosmi c r ay t hat i s r equi r ed by
t he dr i f t chamber r econst r uct i on sof t war e .

11 . Ext r act i on l i ne spect r omet er

I n or der t o det er mi ne t he cent er - of - mass ener gy

( Ect n) at t he SLC i nt er act i on poi nt ( I P) , pr eci se mea-
sur ement s of t he beamener gi es ( Ebeam) f or bot h t he e-
and e+ beams ar e essent i al . To meet t he r esol ut i on goal
of aE m/ Ecm<0. 05%, pr eci si on spect r omet er s have been
i nst al l ed [ 30] i n t he SLC ext r act i on l i nes, 150 mdown-
st r eam of t he I P i n bot h beam l i nes .

11 . 1 . Spect r omet er descr i pt i on

Fi g . 25 shows a concept ual desi gn of t he ext r act i on
l i ne . I n t he l i ne, t he e t bunch t r avel s t hr ough a st r i ng of
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Fi g . 25 . Concept ual desi gn of t he Ext r act i on Li ne Spect r omet er

( ELS) syst em.

t hr ee di pol e magnet s ( 1131, B32, and B33) . Magnet B32

i s a wel l - measur ed spect r omet er magnet ( set at f B d 1=

30 . 5 kGmwhen Ebeam i s 50 GeV) whi ch bends t he

beamby an amount pr opor t i onal t o f B dl / Ebeam* Mag-

net s B31 and B33 bend t he beam per pendi cul ar t o t he

bend di r ect i on of B32 and cause t he beamt o emi t t wo 5

cm wi de swat hs of synchr ot r on r adi at i on. Synchr ot r on

l i ght det ect or s l ocat ed at t he beam f ocal poi nt ( ap-

pr oxi mat el y 15 mf r om B32) measur e t he di st ance be-

t ween t hese swat hs ( appr oxi mat el y 27 cm) and t hus t he

angl e t hr ough whi ch t he beamhas been bent by magnet

1132. Combi ni ng t hi s i nf or mat i on wi t h t he st r engt h of

t he magnet al l ows a det er mi nat i on of t he ener gy of t he

beam. Anal ysi s of t he t hi ckness of t he synchr ot r on

st r i pe yi el ds t he ener gy spr ead of t he beam.

11. 2. Magnet i c f i el d moni t or i ng

Two hi gh- pr eci si on, absol ut e met hods wer e used t o

make a det er mi nat i on of t he magnet i c st r engt h of t he

1132 magnet s bef or e t hei r i nst al l at i on i n t he ext r act i on

l i ne. The f i r st measur ed f B d 1 di r ect l y by movi ng NMR

pr obes al ong t he l engt h of t he magnet , measur i ng B

and dl f or each st ep . I n t he second met hod, f B dl was

measur ed by moni t or i ng t he vol t age i nduced on a mov-

i ng l oop of wi r e . These met hods ar e descr i bed i n det ai l

el sewher e [ 31] . The t echni ques agr eed t o bet t er t han

0. 008%.
The absol ut e measur ement s wer e used t o si mul t a-

neousl y cal i br at e t hr ee on- l i ne met hods of det er mi ni ng

t he spect r omet er st r engt h : a f l i p coi l , NMRpr obes, and

cur r ent moni t or s . Fi g . 26 shows a cr oss sect i on of t he

magnet wi t h t hese devi ces i nst al l ed i n t he gap . Agr ee-

ment bet ween t he f l i p coi l and NMRpr obes i s bet t er

t han 0. 01%.

11 . 3. Det ect i on of synchr ot r on r adi at i on

The bend magnet s cause t he beam t o emi t i nt ense

swat hs of synchr ot r on r adi at i on wi t h a cr i t i cal ener gy

[ 32] of appr oxi mat el y 3. 0 MeV. An ener gy spr ead of

0. 2% i n t he bunches causes t he st r i pe f r om B33 t o be

di sper sed by about 540 wmat t he det ect or pl ane . Two
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Fi g. 26 . Cr oss sect i on of a B32 magnet showi ng t he l ocat i ons of

magnet i c st r engt h measur i ng devi ces i n t he magnet gap .

i ndependent det ect or s have been bui l t t o det ect t he

separ at i on and wi dt h of t he t wo synchr ot r on swat hs : a

Phosphor escent Scr een Moni t or ( PSM) ( f i g. 27) and a

Wi r e I magi ng Synchr ot r on Radi at i on Det ect or

( WI SRD) , whi ch i s not yet i n oper at i on ( see sect i on

13 . 4) .
The PSMconsi st s of t wo i dent i cal t ar get and camer a

syst ems t o moni t or bot h st r i pes si mul t aneousl y . An

I nvar [ 33] suppor t st r uct ur e hol ds bot h t ar get s and f i xes

t he di st ance bet ween t hem. Each t ar get consi st s of an

ar r ay of 100 l Lm di amet er f i duci al wi r es wi t h cent er - t o-

cent er spaci ng of 500 Wmand a phosphor escent scr een

t hat emi t s l i ght wher e st r uck by t he synchr ot r on beam

[ 34] . The i ndi vi dual wi r es and t he spaci ng bet ween t he

t wo ar r ays wer e measur ed on pr eci si on opt i cal com-

par at or s t o an accur acy of bet t er t han 10 ~Lm. Acamer a

syst em r ecor ds bot h t he f i duci al wi r es and t he synchr o-

t r on st r i pe whi ch r uns par al l el t o t hem. The vi deo f r ame

i s di gi t i zed and compr essed by a DSP Technol ogy

2030/ 4101 si gnal aver ager i nt o a one- di mensi onal ar r ay

( per pendi cul ar t o t he wi r e di r ect i on) bef or e r eadout .

Ul t i mat e syst em r esol ut i on has been measur ed t o be

Fi g . 27 . Schemat i c vi ew of t he Phosphor escent Scr een Moni t or
( PSM) .
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bet t er t han 25 wm and r eadout r at es up t o SLCdesi gn
r epet i t i on r at e ( 180 Hz) ar e possi bl e .

11 . 4. Per f or mance

I n addi t i on t o t he er r or s on t he measur ement of
f B dl and t he separ at i on bet ween t he synchr ot r on
st r i pes, t her e ar e ot her cont r i but i ons t o t he er r or on
measur i ng Ebeam. These cont r i but i ons i ncl ude t he sur vey
of di st ance and mi sal i gnment s bet ween B32 and t he
det ect or s, and mi sal i gnment s bet ween bend magnet s .
Combi ni ng t hese cont r i but i ons i n quadr at ur e yi el ds an
est i mat ed t ot al er r or on Ebeam of 15 MeV. However ,
knowl edge of t he aver age ener gy of t he beam bunch
does not necessar i l y det er mi ne t he l umi nosi t y- wei ght ed

Ecm at t he I P. Compl et e under st andi ng of cor r el at i ons
bet ween par t i cl e posi t i on and ener gy i n t he t wo col l i d-
i ng bunches i s essent i al t o l i mi t t he syst emat i c er r or on
t he ener gy measur ement . Pr el i mi nar y measur ement s of

Ebear n have been made i n bot h ext r act i on l i nes usi ng t he
PSMs and t he magnet i c f i el d moni t or s . An absol ut e
accur acy of 35 MeV on Eet has been achi eved .

12. Dat a acqui si t i on syst em

Dat a acqui si t i on f or t he Mar k I I det ect or i s per -
f or med by a syst em of sof t war e and har dwar e el ement s .
The sof t war e consi st s of a number of i ndependent
pr ocesses r unni ng on t he host VAX 8600 under t he
cont r ol of t he VMS oper at i ng syst em. Each pr ocess
per f or ms a pr i mar y f unct i on and communi cat es wi t h
t he ot her pr ocesses vi a shar ed memor y ( gl obal ) var i a-
bl es, shar ed i nst r uct i ons and a f or m of i nt er pr ocess
communi cat i on known as event f l ags . These f unct i ons
i ncl ude : r eadi ng CAMAC dat a; r eadi ng FASTBUS
dat a ; mer gi ng of r aw dat a wi t h r esul t s f r om on- l i ne
event t aggi ng ; t ape l oggi ng of dat a r ecor ds ; di sk l oggi ng
of t agged dat a r ecor ds ; moni t or i ng of det ect or per f or -
mance, el ect r oni cs and envi r onment al st at us ; on- l i ne
anal ysi s and hi st ogr ammi ng ; and oper at or cont r ol of
t he exper i ment .

Al l dat a f r om t he det ect or ar e channel ed i nt o t he
VAX t hr ough ei t her t he CAMAC or FASTBUS i nt er -
f aces . The amount of dat a r ead per event var i es wi t h t he
event t opol ogy . AZ° decayi ng i nt o 20 char ged par t i cl es
wi l l t ypi cal l y r esul t i n appr oxi mat el y 50 kbyt es of dat a.

The CAMAC i nt er f ace i s a UNI BUS- based mi cr o-
pr ocessor syst em cal l ed t he VAX CAMAC channel or
VCC [ 35] . Thi s syst em i s capabl e of t r ansf er r i ng 24 bi t s
of dat a ever y 2 ws . Gener al l y, however , onl y t he l ast
si gni f i cant 16 bi t s ar e used r esul t i ng i n a t r ansf er r at e of
1 Mbyt e/ s . The VCCoper at es a par al l el br anch ser vi ng
t wo syst em cr at es [ 13] . These syst em cr at es cont ai n a
t ot al of 11 br anch dr i ver s whi ch connect wi t h t he 44
dat a acqui si t i on cr at es . Event t r i gger s ar e gener at ed
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wi t hi n t he CAMAC syst em and ar e post ed as AST
( Asynchr onous Syst em Tr ap) i nt er r upt s on t he VAX.
CAMAC event acqui si t i on consi st s of mul t i pl e VAX
r eads of i ndi vi dual BADC memor i es and ot her gener al
i nst r ument at i on modul es .

The FASTBUS syst emi nt er f ace consi st s of t wo par t s .
The f i r st par t i s a DEC DR- 780 32- bi t par al l el por t
whi ch connect s t he VAX SBI ( Synchr onous Backpl ane
I nt er connect ) wi t h a DDI ( DR- 32 Devi ce I nt er connect )
cabl e. Thi s DDI cabl e connect s wi t h anot her i nt er f ace
[ 36] whi ch pr ovi des access t o a FASTBUS cr at e seg-
ment t hr ough a si mpl e buf f er modul e, BAFFO( see f i g .
28) . The combi ned i nt er f ace suppor t s i nt er r upt mes-
sages and bl ock t r ansf er dat a r at es of appr oxi mat el y 5 . 5
Mbyt e/ s bet ween t he VAX and an SSP. Two FAST-
BUS cr at es r unni ng i n par al l el ser ve as syst em cr at es .
One syst emcr at e cont ai ns f i ve syst em SSP modul es t hat
each i n t ur n cont r ol one of t he f i ve FASTBUS cabl e
segment s connect ed t o t he 25 r emot e dat a acqui si t i on
cr at es [ 37] . Each r emot e cr at e cont ai ns a si ngl e SSP
act i ng as an i nt el l i gent cr at e cont r ol l er and dat a
pr ocessor , al ong wi t h t he dat a acqui si t i on modul es . The
second syst em cr at e cont ai ns a pai r of SSPs managi ng a
si xt h cabl e segment used f or a f ut ur e pr oj ect i nvol vi ng
on- l i ne dat a pr ocessi ng ( see sect i on 13 . 5) . Event acqui si -
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yst em
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SSP SSP

Emul at or s

3081/ E

SSP
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Fi g . 28 . FASTBUS ar chi t ect ur e f or t he Mar k I I dat a acqui si -
t i on syst em.
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t i on begi ns wi t h r emot e cr at e SSPs per f or mi ng l ocal

dat a r eadout and pr ocessi ng, t hen r epor t i ng t o t he ap-

pr opr i at e syst em SSP. The mast er syst em SSP act s as an

event bui l der , col l ect i ng t he ent i r e FASTBUS compo-

nent of an event i nt o i t s own l ocal memor y bef or e
i nt er r upt i ng t he VAX. I n t hi s way, t he FASTBUS sys-
t em i s abl e t o buf f er sever al event s bef or e bei ng r ead

out . The VAX t hen per f or ms a si ngl e bl ock r ead f r om

t he mast er syst em SSP.

Event acqui si t i on pr oceeds i n t he f ol l owi ng way . A

si gnal i s gener at ed at ever y beam cr ossi ng ( e. g . , 8 . 3 ms

at 120 Hz) . Thi s si gnal st ar t s t he t r i gger l ogi c ( see

sect i on 10) and BADC pr ocessi ng whi ch r equi r es ap-

pr oxi mat el y 8 ms . Not e t hat no dead t i me i s i nt r oduced

as a r esul t of r unni ng t he t r i gger l ogi c f or ever y beam

cr ossi ng. The VAX r eads dat a f r om t he ent i r e CAMAC

syst em and awai t s a si gnal f r om t he mast er syst em SSP

t hat t he FASTBUS syst em i s r eady t o accept t he next

event . When t he si gnal i s r ecei ved t he t r i gger i s r eset .

FASTBUS dat a i s subsequent l y r ead i nt o t he VAX,

combi ned wi t h t he CAMAC dat a and a si mpl e event

t aggi ng al gor i t hm i s execut ed . The event i s t hen pl aced

i nt o a gl obal buf f er wher e consumer pr ocesses, such as

t he on- l i ne anal ysi s pr ogr am, sampl e t he compl et e

event s . The t ape l oggi ng pr ocess i s t he f i nal consumer of

al l event s and, af t er l oggi ng i s compl et ed, r emoves t he

event f r om t he buf f er .

13. Fur t her i mpr ovement s

Ther e ar e sever al pr oj ect s whi ch i mpr ove t he Mar k
11 det ect or t hat ar e i n t he pr ocess of bei ng i nst al l ed.

They wi l l be br i ef l y descr i bed her e .

13. 1 . Si l i con St r i p Ver t ex Det ect or

The Si l i con St r i p Ver t ex Det ect or ( SSVD) consi st s of

36 i ndependent det ect or modul es housed i n t wo hemi -
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Ver t ex Dr i f t Chamber
( I nner Wal l )

1 cm

Tabl e 4
Pr oper t i es of t he Si l i con St r i p Ver t ex Det ect or

a) Cal cul at ed .

cyl i ndr i cal st r uct ur es t hat at t ach t o t he beampi pe at t he

i nt er act i on r egi on . The modul es ar e gr ouped i nt o t hr ee

r adi al l ayer s ( st ar t i ng at 2. 8 cmf r om t he beamaxi s) t hat

pr ovi de a sol i d angl e cover age compar abl e t o t he cent r al

dr i f t chamber ( see f i g . 29) . The st r i ps ar e or i ent ed
par al l el t o t he beam axi s and hence t r ack posi t i on i s
measur ed onl y i n t he r - , p pl ane. The det ect i ng el ement
i n each modul e i s a si ngl e- si ded, 512- st r i p si l i con det ec-
t or of 300 Wm t hi ckness . Addi t i onal pr oper t i es of t he
det ect or s ar e gi ven i n t abl e 4.

The pr obl em of r eadi ng out a hi gh densi t y of si l i con
st r i ps i n t he l i mi t ed space avai l abl e f or t he ver t ex det ec-
t or i n t he Mar k I I was sol ved wi t h t he devel opment of a
cust om 128- channel VLSI chi p ( t he " Mi cr opl ex" ) [ 38] .

The ci r cui t i nt egr at es and st or es t he char ge deposi t ed

on a st r i p and mul t i pl exes t he anal og si gnal ont o a
ser i al bus. I n t he const r uct i on of a modul e, f our chi ps

ar e wi r e bonded t o a det ect or as shown i n f i g . 30 so t hat
al l 512 st r i ps can be r ead out . The modul e al so i ncl udes

a hybr i d ci r cui t whi ch pr ovi des cont r ol si gnal s, a

swi t chabl e capaci t or bank f or t he power , and a di f f er en-

t i al ampl i f i er and l i ne dr i ver f or t he anal og out put
si gnal s . Thi n f l exi bl e cabl es ar e used t o car r y si gnal s t o
bot h ends of t he modul es and f r om t he hybr i ds t o t he

Fi g. 29. The l ayout of t he Si l i con St r i p Ver t ex Det ect or ( SSVD) .
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Det ect or Pr oper t y Layer 1 Layer 2 Layer 3 Uni t s

Layer r adi us 28 33 37 mm

St r i p pi t ch 25 29 33 [ LM

St r i p wi dt h 8 8 8 Rm

Act i ve l engt h 72 82 90 r nm
Depl et i on vol t age - 55 - 55 - 55 V

Capaci t ance a)

( t o ot her st r i ps) 8. 2 8 . 8 9 . 3 pF
Capaci t ance a)

( t o backpl ane) 0 . 6 0 . 8 1 . 0 pF
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Fan- out ,

_' Si Det ect or

( 512 St r i ps)

Cabl e

Fi g . 30 . The pl an f or a si l i con det ect or modul e. Al l di mensi ons ar e i n mm.

r eadout chi ps . The anal og out put si gnal s ar e sent t o an

i nt el l i gent di gi t i zer , t he BADC [ 141, whi ch does on- l i ne

pedest al updat i ng and subt r act i on, common mode cor -

r ect i on and cl ust er f i ndi ng.

The 36 modul es ar e housed i n t wo hemi - cyl i ndr i cal

st r uct ur es each consi st i ng of t wo sl ot t ed al umi num end-

pl at es connect ed by an i nner and out er ber yl l i um shel l .

A spr i ng f i xt ur e on ei t her end of t he modul es hol ds

t hem i n t he endpl at e sl ot s . Thi s syst em set s t he par al l e-

l i sm of t he det ect or st r i ps t o bet t er t han a mi l l i r adi an, a

r equi r ement t hat f ol l ows f r om t he z r esol ut i on of t he

cent r al dr i f t chamber . The pr eci se det er mi nat i on of t he

r el at i ve al i gnment of t he modul es i s obt ai ned by opt i cal

measur ement s dur i ng assembl y, and l at er by a met hod

t hat uses a beamof col l i mat ed X- r ays . Once t he SSVD

i s i nst al l ed i n t he cent er of t he Mar k 11 det ect or , i t wi l l

be al i gned as a whol e r el at i ve t o t he ot her t r acki ng

chamber s usi ng t r acks f r om beam- beam i nt er act i ons .

Al so, a capaci t i ve sensor syst em has been at t ached t o

t he out er shel l s of t he SSVD t o moni t or any movement

of t he beampi pe, and hence t he SSVD, r el at i ve t o t he

dr i f t chamber ver t ex det ect or .

Test s of t he modul es wi t h X- r ay sour ces and par t i cl e

beams show t hat t hey have a spat i al r esol ut i on, a, of

bet t er t han 5 Wm, a t wo- t r ack separ at i on of appr oxi -

mat el y 150 [. m and a si ngl e- channel r ms noi se l evel 19

t i mes smal l er t han t he si gnal cor r espondi ng t o t he most

pr obabl e ener gy l oss of a mi ni mum- i oni zi ng par t i cl e

i nci dent at 90 ° [ 391 . Thi s si gnal - t o- noi se r at i o al l ows a

t hr eshol d cut t hat gi ves essent i al l y 100% det ect i on ef -

f i ci ency wi t h a negl i gi bl e number of noi se hi t s . Combi n-

i ng hi t s f r om hi gh moment um t r acks i n t he cent r al dr i f t

chamber wi t h t hose f r om t he SSVD yi el ds an i mpact

par amet er r esol ut i on f or hi gh moment um t r acks com-

par abl e t o a . Mul t i pl e scat t er i ng i n t he mat er i al of t he

SSVD and beam pi pe wor sens t hi s r esol ut i on at l ow

moment um. The r esul t ant er r or can be appr oxi mat ed by

a = 36/ p ( [ Lm) f or moment a p of l ess t han 8 GeV/ c .

13 . 2. Dr i f t Chamber Ver t ex Det ect or

The Dr i f t Chamber Ver t ex Det ect or ( DCVD) has

been desi gned t o pr ovi de ver t exi ng i nf or mat i on t hat i s

bot h i ndependent of and compl ement ar y t o t he i nf or -

mat i on pr ovi ded by t he Si l i con St r i p Ver t ex Det ect or .

The DCVD al one i s desi gned t o pr ovi de an i mpact

Fi g. 31 . Cut - away dr awi ng of t he Dr i f t Chamber Ver t ex Det ec-

t or ( DCVD) .



par amet er r esol ut i on of 20 l t m f or hi gh moment um

t r acks, and submi l l i met er doubl e- t r ack r esol ut i on . The

power f ul pat t er n r ecogni t i on of t he DCVD wi l l pr ovi de

an i mpor t ant ai d t o hi t assi gnment i n t he SSVD, par -

t i cul ar l y i n a hi gh noi se envi r onment . The DCVD wi l l

al so i mpr ove t he char ged par t i cl e moment um r esol u-

t i on, enhance dE/ dx par t i cl e i dent i f i cat i on, and i m-

pr ove t he noi se r ej ect i on of t he char ged par t i cl e t r i gger .

The act i ve vol ume of t he DCVD ext ends f r om 5 t o

17 cmr adi al l y and 55 cmaxi al l y, cover i ng 85% of 4 , r r i n

sol i d angl e at t he out er r adi us of t he det ect or . The

chamber i s di vi ded i nt o 10 axi al cel l s whi ch, as f or t he

SSVD, pr ovi de i nf or mat i on onl y i n t he r - O pl ane ( f i g.

31) . To al l ow r esol ut i on of t he l ef t - r i ght ambi gui t y, as

wel l as t o ensur e t hat r adi al t r acks do not spend t hei r

ent i r e l engt h cl ose t o a wi r e pl ane, each cel l i s t i l t ed so

t hat t he i nner edge of t he sense pl ane i s at an angl e of

15 ° f r om r adi al .

Each cel l cont ai ns a pl ane of 40 sense ( anode) wi r es,

at a vol t age of +3 kV, al t er nat i ng wi t h gr ounded f i el d

shapi ng wi r es ( f i g . 32) . These sense pl anes ar e sand-

wi ched bet ween " gr i d" pl anes at - 0 . 5 kV t hat pr ovi de

t he el ect r ost at i c st abi l i t y of t he sense wi r es and ser ve t o

f ocus t he dr i f t ed el ect r ons ont o t he sense wi r e . A dr i f t

f i el d of 2. 3 kV/ cm, uni f or m t o wi t hi n 0 . 1% over t wo-

t hi r ds of t he act i ve vol ume, i s pr ovi ded by pl anes of

cat hode wi r es, wi t h vol t age gr aded bet ween - 3 kV at

t he i nner r adi us of t he det ect or t o - 12 . 5 kV at t he

out er r adi us . The l ongest dr i f t di st ance, bet ween t he

cat hode and sense pl anes at t he out er edge of t he act i ve

vol ume, i s about 5 . 5 cm.

The wi r es ar e suppor t ed by Macor wedges, whi ch ar e

af f i xed t o ci r cul ar al umi num endpl at es whi ch f or m t he

ends of t he act i ve r egi on ( f i g. 31) . Wi t hi n each pl ane,
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Fi g . 32 . Wi r e and el ect r ode pl acement i n t he j et cel l s of t he DCVD.

wi r e posi t i on was est abl i shed by gr ooves machi ned i nt o

t wo I nvar cyl i nder s, whi ch wer e used t o hol d t he wi r es

i n pl ace as t hey wer e epoxi ed t o t he Macor wedges . I n

t hi s way, t ol er ances of ±2 l t m wer e obt ai ned f or wi r es

wi t hi n a si ngl e pl ane, and of ±15 I. Lm f or t he of f set

bet ween pl anes . A mor e det ai l ed descr i pt i on of t he cel l

const r uct i on can be f ound i n r ef . [ 40] .

The chamber vol ume i s seal ed by t wo al umi num

pr essur e heads, sur r ounded by an out er shel l of

al umi num and an i nner cor e of ber yl l i um. I ncl udi ng t he

beampi pe and SSVD, t he mat er i al bet ween t he i nt er ac-

t i on poi nt and t he act i ve r egi on of t he chamber com-

pr i ses a t ot al of about 0 . 03 r adi at i on l engt hs .

To achi eve t he best spat i al r esol ut i on, t he DCVD gas

( 92%COz , 8%et hane) i s r un i n t he unsat ur at ed r egi me,

whi ch pr ovi des l ow el ect r on di f f usi on and a sl ow ( 6

pm/ ns) dr i f t vel oci t y . A suf f i ci ent el ect r on l i f et i me, i n

excess of 30 ws, i s obt ai ned by use of an Oxi sor b f i l t er ,

whi ch r educes oxygen cont ami nat i on t o l ess t han 1

ppm. I n addi t i on, chamber per f or mance i n a sl ow gas i s

sensi t i ve t o t he densi t y of t he gas, r equi r i ng t he use of

f eedback- cont r ol l ed pr essur e and t emper at ur e r egu-

l at i on . The l at t er i s i mpl ement ed by a comput er - con-

t r ol l ed wat er bat h ( Haake N2- R) , whi ch ci r cul at es wat er

t hr ough a 6 mm al umi num t ube ar ound t he t wo pr es-

sur e heads and t he out er shel l of t he det ect or . The

t emper at ur e f i el d i s moni t or ed by 48 t her mi st or s sur -

r oundi ng t he act i ve vol ume of t he det ect or . Thi s syst em

i s expect ed t o keep t he t emper at ur e of t he det ect or

const ant and spat i al l y uni f or m t o wi t hi n 0 . 1 ° C. Cham-

ber pr essur e i s r egul at ed t o wi t hi n 0 . 7 x 10 - 3 at m by a

Dat amet r i cs 1501 Pr essur e Cont r ol l er .

El ect r oni c r eadout and pr ocessi ng begi ns wi t h f ast

i nt egr at i ng Radeka hybr i d pr eamps ( BNL Hybr i d I O-

7 5
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354) , whi ch ar e mount ed ont o f eed- t hr oughs at t he

pr essur e head, and encl osed i n al umi num Far aday cages .

The si gnal s t hen t r avel t o post ampl i f i er s and FADCs

[ 41] , bot h of whi ch ar e si mi l ar t o t he cor r espondi ng

el ect r oni cs of t he cent r al dr i f t chamber ( di scussed i n

sect i on 2. 2) . Because of t he l ong dr i f t t i mes associ at ed

wi t h t he l ow dr i f t vel oci t y, t he FADC di gi t i zat i on

wi ndow has been i ncr eased t o 1024 10- ns bucket s .

Test s have been conduct ed [ 42] on a pr ot ot ype

chamber wi t h a si ngl e sense/ gr i d pl ane cont ai ni ng 22

sense wi r es, a dr i f t f i el d of 1 kV/ cm/ at mospher e, and

usi ng 92% CO2 , 8% i sobut ane at 3 at m. The si ngl e hi t

spat i al r esol ut i on a was f ound t o be domi nat ed by t he

el ect r on di f f usi on i n t he pr essur i zed t her mal gas, and

can be par amet r i zed by :

0
2 [ gm2 ] =16 2 +23 2D,

wher e D i s t he dr i f t di st ance i n cent i met er s .

13 . 3. Muon syst em upgr ade

13 . 3 . 1 . Physi cal descr i pt i on

The Mar k I I muon upgr ade pr ovi des addi t i onal

cover age on t he f r ont and r ear of t he det ect or , as shown

i n f i g . 1 . The " f acades" i ncr ease cover age f or muon

det ect i on t o I cos 0 0 . 85, an i ncr ease of 15% i n sol i d

angl e.

A schemat i c dr awi ng f or a l ower f acade can be seen

i n f i g . 33 . The f ace i s at t ached t o t he end f l ux r et ur n

i r on and i s 2 . 7 mi n z f r om t he I P. A par t i cl e comi ng

f r om t he i nt er act i on poi nt wi l l penet r at e t he endcap

G. Abr ams et al . / The Mar k I I det ect or f or t he SLC

Fi g. 33 . Schemat i c dr awi ng of l ower muon f acade .

el ect r omagnet i c cal or i met er , t he f l ux r et ur n and 30 cm

of l ead, a t ot al of 6. 0 i nt er act i on l engt hs, bef or e i t

r eaches t he f i r st det ect i on chamber s . Af t er passi ng

t hr ough an addi t i onal 20 cm of i r on t her e i s a second

l ayer of chamber s at t he r ear of t he f acade. Thi s set of

chamber s i s shi el ded f r om synchr ot r on r adi at i on by a 3

cm i r on pl at e.

The chamber s ar e const r uct ed f r om t he same

al umi num ext r uded st ock as t he or i gi nal Mar k 11 muon

syst em( see f i g . 19) . The t r i angul ar chamber s ar e gr ouped

t oget her t o f or m modul es, wi t h 72 modul es ( 576 cham-

ber s) i n al l . Bot h l ayer s i n a f acade have wi r es or i ent ed

i n t he hor i zont al di r ect i on . The const r uct i on and assem-

bl y f ol l owed t he same st eps as t he cent r al muon syst em

descr i bed i n sect i on 7. 1 . Thi s syst em does di f f er f r om

t he or i gi nal syst em i n t hat HRS gas i s used i n t he

chamber s .

13 . 3. 2. El ect r oni cs

Si gnal s f r om a muon modul e ( 8 channel s) ar e car r i ed

on 90 0 AMP r i bbon coaxi al cabl es t o hal f - si ze VME

car ds t hat use Si gnet i cs NE592 ampl i f i er s wi t h gai ns of

200 . The ampl i f i ed si gnal s pass t o VME cr at es, mount ed

on t he pl at e on t he r ear of t he f acade, cont ai ni ng

16- channel TDC car ds i n VME f or mat . Common cl ock,

cl ear and t hr eshol d si gnal s ar e suppl i ed t o each VME

cr at e and di st r i but ed on a l ocal t i mi ng bus . The cl ock

per i od i s 13 ns.

The syst em cont ai ns a t ot al of f our cr at es wi t h

TDCs, al l r ead f r om a common mast er cr at e t hr ough

VME Mi cr o Syst ems model 485 l ong- l i ne ext ender s.

Command i nput and event r eadout i s handl ed by an

AT&T 321SB comput er l ocat ed i n t he mast er cr at e.

The event i nf or mat i on i s sent t o a FASTBUS FI FO

modul e over a 32- bi t par al l el pat h at RS422 l evel s . The

FI FO modul e i s l ocat ed i n one of t he dat a acqui si t i on

syst em FASTBUS cr at es .

The el ect r oni cs syst em wi l l pr ovi de dr i f t t i me i nf or -

mat i on i n addi t i on t o t he wi r e number t hat was hi t . For

a smal l t est modul e, t he pr eci si on of t he posi t i on mea-

sur ement i s about 250 l. m. A pr eci si on of 500 l mi n t he

i nst al l ed syst em i s est i mat ed .

13 . 3. 3 . Muon i dent i f i cat i on

The i mpl ement at i on f or muon i dent i f i cat i on i n t he

upgr ade wi l l f ol l ow t he scheme used by t he mai n sys-

t em. A dr i f t chamber t r ack i s f i r st ext r apol at ed t o t he

muon f acade . An expect ed r ms devi at i on due t o mul t i -

pl e scat t er i ng i s cal cul at ed and a sear ch r egi on of t wi ce

t he devi at i on ( a r oad) i s def i ned ar ound t he ext r apo-

l at ed t r ack. To be i dent i f i ed as a muon, t he t r ack must

have hi t s i n bot h l ayer s i n t he def i ned r oad . Addi t i on-

al l y, t he t r ack hi t s must pass an angl e cut and a posi -

t i on- angl e cor r el at i on cut . Mont e Car l o si mul at i ons have

shown t hat t he ef f i ci ency f or muon i dent i f i cat i on i s

compar abl e t o t he exi st i ng muon syst em. The
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( beam pi pe not shown)

Fi g. 34 . Schemat i c vi ew of t he Wi r e I magi ng Synchr ot r on

Radi at i on Det ect or ( WI SRD) .

puncht hr ough pr obabi l i t y f or pi ons and kaons can be

par amet er i zed as 0 . 055p` Y, wher e p i s t he moment um

of t he t r ack i n GeV/ c .

13. 4. Wi r e I magi ng Synchr ot r on Radi at i on Det ect or

( WI SRD)

The WI SRD wi l l pr ovi de r edundancy and a check

on t he syst emat i c er r or i n t he measur ement of t he

posi t i on of t he synchr ot r on st r i pes i n t he ext r act i on l i ne

spect r omet er . I n t he WI SRD, t her e ar e t wo t ar get s hel d

i n posi t i on by an I nvar suppor t st r uct ur e ( f i g. 34) . The

t ar get consi st of ar r ays of 75 Wmdi amet er copper wi r es

spaced 100 Wm apar t ( cent er - t o- cent er ) . The wi r es ar e

hel d i n pl ace i n a cer ami c car d whi ch i s gl ued t o t he

suppor t st r uct ur e . I nci dent synchr ot r on r adi at i on ej ect s

el ect r ons f r om t he wi r e vi a Compt on scat t er i ng. The

r esi dual char ge ( cal cul at ed t o be 200 f C wi t h 101° e t i n

t he beam bunch) i s sampl ed by a char ge sensi t i ve pr e-

ampl i f i er ( LeCr oy HQV820) , t hen ampl i f i ed, shaped,

and di gi t i zed . Desi gn r esol ut i on of t hi s syst em i s 25 Wm

wi t h a r eadout r at e of 180 Hz .

13 . 5 . On- l i ne pr ocessi ng

Connect or s f or
El ect r oni c
Readout

The 3081/ E [ 43] i s a speci al i zed r educed i nst r uct i on

set pr ocessor , devel oped j oi nt l y by SLAC and CERN,

t o pr ovi de si gni f i cant numer i cal comput at i on capabi l i t y

at a r easonabl e cost . The name der i ves f r om i t s emul a-

t i on of t he i nst r uct i on set of an I BM mai nf r ame com-

put er . I t can r eal i ze most FORTRAN 77 di r ect i ves

i ncl udi ng doubl e pr eci si on f l oat i ng poi nt ar i t hmet i c op-

er at i ons .
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13 . 5. 1 . Har dwar e
The har dwar e ar chi t ect ur e i s char act er i zed by a

modul ar st r uct ur e, per mi t t i ng separ at i on of f unct i ons

and r educt i on of cont r ol l ogi c compl exi t y . Ther e ar e

f our di st i nct execut i on boar ds per f or mi ng comput at i ons

i nvol vi ng i nt eger ar i t hmet i c, f l oat i ng poi nt addi t i on,

f l oat i ng poi nt mul t i pl i cat i on, and f l oat i ng poi nt di vi -

si on . Each pr ocessor cont ai ns up t o 7 Mbyt es of f ast

st at i c memor y ( 55 ns access t i me) and t he pr ocessor

cycl e t i me i s 120 ns .

13 . 5 . 2. Sof t war e
Pr ogr ams f or execut i on on t he pr ocessor ar e pr e-

par ed by a sof t war e pr ocedur e cal l ed t he Tr ansl at or ,

r esi dent on t he I BM mai nf r ame comput er . Thi s pr oce-

dur e r eads I BM obj ect code, t r ansl at es i t t o pr ocessor

mi cr ocode, and l i nks el ement s t oget her t o f or m an

absol ut e l oad modul e . The Tr ansl at or el i mi nat es t he

need f or a compl ex har dwar e i nt er pr et er t o decode t he

I BM i nst r uct i ons . I n addi t i on, i t aut omat i cal l y gener -

at es si mul t aneous over l ap of par al l el oper at i ons ( pi pe-

l i ni ng) t o yi el d si gni f i cant gai ns i n ef f ect i ve pr ocessor

execut i on speed. The t wo t ypes of pi pel i ni ng i ncl ude

over l ap of memor y addr ess cal cul at i ons wi t h memor y

access, and over l ap of i nst r uct i ons per mi t t ed by sep-

ar at ed f unct i on execut i on modul es .

13. 5. 3. I mpl ement at i on
The 3081/ E pr ocessor har dwar e i s i ncor por at ed i nt o

t he Mar k I I on- l i ne dat a acqui si t i on syst em and t he

sof t war e i s cur r ent l y under goi ng t est i ng bef or e i mpl e-

ment at i on. The dat a f l ow bet ween t he VAX and 3081/ E

i s cont r ol l ed by t wo SSPs on a cabl e segment . The

communi cat i on bet ween t he SSPs and t he 3081/ E

pr ocessor i s f aci l i t at ed by an i nt er f ace [ 37, 44] wi t hi n t he

3081/ E chassi s . The i nt er f ace consi st s of t wo boar ds,

one of whi ch i s speci f i c t o FASTBUS and t he ot her a

common i nt er f ace boar d useabl e by ot her i nt er f aci ng

schemes . The FASTBUS boar d i s a dual - por t ed sl ave,

per mi t t i ng access f r om ei t her of t wo cabl e segment s .

Thi s ar r angement pr ovi des f or l oadi ng new dat a i nt o

one pr ocessor whi l e f et chi ng pr ocessed out put f r om

anot her . The common i nt er f ace boar d suppor t s t r ansf er s

at 25 Mbyt e/ s t o and f r om 3081/ E memor y and pr o-

vi des cont r ol of pr ogr am execut i on.

13. 5. 4 . Per f or mance
The degr ee t o whi ch a par t i cul ar appl i cat i on sof t -

war e per mi t s pi pel i ni ng can r esul t i n l ar ge per f or mance

var i at i ons . A ver si on of t he f ul l Mar k I I event r e-

const r uct i on anal ysi s pr ogr am has been successf ul l y i m-

pl ement ed on t he 3081/ E. Pr el i mi nar y per f or mance

t est s used hi gh- mul t i pl i ci t y Mont e Car l o hadr oni c event s

at SLC ener gi es . When t he ker nel of t he pr ogr am ( t he

domi nant user of CPU t i me) i s t r ansl at ed wi t h pi pel i n-

i ng opt i ons, t he pr ocessor t akes about t wi ce as l ong t o
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Tabl e 5

Summar y of det ect or pr oper t i es

Cent r al dr i f t

	

- Act i ve l engt h 2. 30 m

chamber

	

- I nner r adi us 0. 192 m, out er r adi us 1. 52 m

- Si x axi al l ayer s, si x st er eo l ayer s

- Jet - chamber cel l wi t h si x sense wi r es

- 89% Ar , 10%COz , 1% CH4

- Posi t i on r esol ut i on 170 [ m

- Moment um r esol ut i on a( p) l p 2 = 0. 31%/ ( GeV/ c)

- dE/ dx r esol ut i on 7. 2%f or mi ni mum- i oni zi ng par t i cl es

Ti me- of - f l i ght

	

- 48 sci nt i l l at i on count er s r ead out at bot h ends

- I nner r adi us 1 . 52 m, cover s 70% of 4m

- a =221 ps

- e/ qr separ at i on up t o moment a of 10 GeV at 2a l evel ( combi ned wi t h dE/ dx)

Magnet

	

- 5. 0 kGAl coi l sol enoi d

- 1 . 56 mi nner r adi us

El ect r omagnet i c Bar r el

cal or i met r y

	

- Ei ght modul es of Pb/ l i qui d ar gon i n an oct agon ar ound t he coi l

- 14 . 1Xo , cover s 64%of 4m

- 2 mmPb sheet s separ at ed by 3 mm l i qui d ar gon gaps

- St r i p r eadout i n 0, 0, Udi r ect i ons

- i 1E/ E=13 . 3%/ V®3. 3%

Endcaps

- Two annul ar Pb/ pr opor t i onal t ube modul es

- I nner r adi us 0. 40 m, out er r adi us 1. 46 m

- 18Xa, 22%of 41r ;

-

	

wi t h t he bar r el , get f ul l cover age f or 86%of 4m

- 0. 28 cm Pb sheet s wi t h 0 . 9 X 1. 5 cm2 t ubes

- 89%Ar , 10%C02, 1% CH4

- Ganged r eadout i n X, Y, U, Vdi r ect i ons

- i 1 E/ E - - - 22%/ vr E-

Muon syst em

	

- Pr opor t i onal t ubes i nt er l eaved wi t h st eel absor ber ( 4 l ayer s f or 1 . 2 mt ot al t hi ckness)

- Cover s 45%of 4Tr

Lumi nosi t y

	

Smal l Angl e Moni t or ( SAM)

moni t or s

	

- Cover s 50 t o - 160 mr ad, 1. 38 mi n z f r om I P

- Ni ne l ayer s of dr i f t t ubes f or t r acki ng

- Posi t i on r esol ut i on 250 gm

- 89%Ar , 10%C02, 1%CH4

- Readout i n Y, U, V di r ect i ons

- Si x l ayer s of Pb/ pr opor t i onal t ubes f or cal or i met r y, 14. 3Xo

- i 1 E/ E=45%/ FE

Mi ni - SAM

- Cover s 15- 25 mr ad, 2. 05 mi n z f r om I P

- Si x l ayer s of t ungst en/ sci nt i l l at or , 15 Xp

- i ) E/ E=35%/ r

Smal l el ect r omagnet i c

	

Cat cher / Mask Pl ug

shower det ect or s

	

- 25- 40 mr ad, 1 . 02 mi n z f r om I P

- Two l ayer s of t ungst en/ sci nt i l l at or

Act i ve Mask

- 30- 50 mr ad, 0. 635 mi n z f r om I P

- Thr ee l ayer s of l ead/ opt i cal f i ber

Endcap Vet o Count er

- 150- 250 mr ad, 1 . 9 mi n z f r om I P

- Four l ayer s of l ead/ sci nt i l l at or

Li qui d Ar gon Hol e Tagger s

- 1 . 65 ml ong, i nner r adi us 2. 4 m

- Cover t he 3 ° r egi ons at j unct i ons of l i qui d ar gon bar r el cal or i met er modul es

- 2 . 5 cm t hi ck sci nt i l l at or wi t h 1 . 9 cmof l ead pr er adi at or



pr ocess event s as t he SLAC I BM 3081K mai nf r ame

comput er . When t he pi pel i ni ng i s suppr essed, t he per -

f or mance degr ades by about 40%. Si mi l ar r esul t s have

been achi eved wi t h a sampl e of PEP Bhabha scat t er i ng
event s .

14. Summar y

The pr oper t i es of t he var i ous component s of t he
det ect or ar e summar i zed i n t abl e 5 . Most of t he quot ed
r esol ut i ons wer e measur ed usi ng Bhabha scat t er i ng

event s at PEP; t he i ndi vi dual chapt er s shoul d be con-

sul t ed f or mor e det ai l s .
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