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An exper i ment t o st udy CP vi ol at i on i n t he B syst em usi ng

an i nt er nal t ar get at t he HERA pr ot on r i ng

W. Hof mann

Max- Pl anck- I nst i t ut f ür Ker nphysi k, D 6900 Hei del ber g 1, Ger many

Usi ng t he HERA pr ot on beam st r i ki ng an i nt er nal wi r e t ar get , suf f i ci ent number s of B mesons ar e pr oduced t o al l ow a sear ch

f or CP vi ol at i on i n B decays wi t h a sensi t i vi t y dsi n( 20) = 0. 05, pr ovi ded t hat t he det ect or can accept and separ at e mul t i pl e

i nt er act i ons per bunch cr ossi ng . Thi s r epor t summar i zes our pr esent vi ews concer ni ng t he l ayout of t he t ar get , of t he spect r omet er ,

and of t he t r i gger syst em, whi ch sel ect s event s cont ai ni ng J/ t P candi dat es .

1 . I nt r oduct i on

One of t he f undament al f eat ur es of t he st andar d

model i s t he vi ol at i on of CP symmet r y, as obser ved i n

t he kaon syst em. Neut r al B mesons pr ovi de one of t he

f ew ot her syst ems i n nat ur e, wher e CP vi ol at i on mi ght

be obser vabl e, al l owi ng st r i ngent t est s of t he consi s-

t ency of t he st andar d model descr i pt i on of t he mecha-

ni sms of CP vi ol at i on . B mesons ar e most easi l y st ud-

i ed i n hi gh- l umi nosi t y e+ e- col l i der s. Despi t e t he gr eat

i nt er est i n t he par t i cl e physi cs communi t y, i t i s unl i kel y

t hat such a machi ne can be r eal i zed i n Eur ope i n t he

near f ut ur e .

As an al t er nat i ve, and t o al l ow a cont i nuat i on of t he

successf ul B- physi cs pr ogr am car r i ed out at DESY

usi ng t he DORI S st or age r i ng, a gr oup of physi ci st s

cent er ed ar ound t he ARGUS col l abor at i on got i nt er -

est ed i n hadr on accel er at or s as a pr ol i f i c sour ce of B

hadr ons . The gr oup [ 1] i s pr esent l y st udyi ng t he opt i on

of a maj or B- physi cs exper i ment t o be per f or med at

t he HERA pr ot on st or age r i ng i n f i xed t ar get mode

usi ng an i nt er nal t ar get . Basi c goal of t he exper i ment i s

t he det ect i on of CP vi ol at i on i n t he " gol d pl at ed"

Bo - + J/ t ! r KS decay mode, usi ng a dedi cat ed det ect or

t r i gger ed on l ept on pai r s f r om J/ i # decays . Wi t h an

expect ed CP asymmet r y bet ween B° and Wdecays as

hi gh as si n( 2ß) = 0. 5 ( f i g . 1) [ 2] , t he exper i ment i s

desi gned t o r each an ul t i mat e pr eci si on of dsi n( 2/ 6) =

0. 05, pr ovi di ng a cer t ai n saf et y mar gi n . Besi des t he

cent r al i ssue of CP vi ol at i on, t he exper i ment wi l l of

cour se be abl e t o cover many ot her aspect s of B

physi cs, such as l i f et i me measur ement s and t he st udy

of b- quar k pr oduct i on mechani sms . Adet ai l ed descr i p-

t i on of t he physi cs and of t he exper i ment i s gi ven i n t he

Let t er of I nt ent submi t t ed t o DESY i n Oct ober 1992

[ 3] ; t he summar y pr esent ed her e i s based on t hi s docu-

ment , wi t h emphasi s on mor e r ecent wor k concer ni ng

i n par t i cul ar t he t est s of t he i nt er nal t ar get and t he

t r i gger i ng scheme .

The mai n char act er i st i cs of pr ot on- nucl eus i nt er ac-

t i ons r esul t i ng i n B pr oduct i on ar e summar i zed i n f i g .

2 : at t he pr i mar y i nt er act i on ver t ex, a pai r of b par t i -

cl es i s pr oduced t oget her wi t h about t en ot her f ast

t r acks and a number of l ow- ener gy nucl ear f r agment s .

At beamener gi es ar ound 1 TeV, a Bmeson wi l l have a

medi an f l i ght pat h of about 7 mm. For decays i nt o

J/ t # Ks , wi t h J/ i # - - > e+ e- or A+A - , t he l ept ons have

a medi an moment um ar ound 40 GeV. The kaon wi t h a

medi an moment um of 50 GeV decays i nt o pi ons i n t he

20 GeV moment um r ange . Because of t he Lor ent z

boost , t he decay par t i cl es ar e conf i ned t o t he f or war d

hemi spher e and ar e i n most cases cont ai ned i n t he

cone 10 mr ad < 0 < 200 mr ad, whi ch cor r esponds t o a

90%sol i d angl e cover age i n t he cent er - of - mass of t he

r eact i on. One measur es t he t i me- dependent CP asym-

met r y bet ween Bo and B° decay r at es t o J/ 0 KS ,
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Fi g . 1 . Best f i t r esul t s f or t he expect ed si ze of t he CP asymme

t r y si n( 2p) as a f unct i on of f b ( Bb =1 assumed) [ 2a] . Al so

shown i s t he anal yt i c f or mof Bi gi [ 2b] .
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Fi g 2. Typi cal f eat ur es of B hadr on pr oduct i on mpr ot on

nucl eus i nt er act i ons at 1 TeV. I ndi cat ed i s t he t ypi cal ( medi an)

moment umof par t i cl es, and t he medi an decay l engt h .

A= si n( xt ) si _n( 2ß) . Her e, x = dM/ T = 0. 67 char act er -

i zes t he B° - B° f l avor osci l l at i ons, and t i s t he decay

t i me measur ed i n uni t s of t he B l i f et i me . As t he

asymmet r y A i s modul at ed wi t h a t er m si n( xt ) , event s

wher e t he B meson decays af t er l ess t han one mean

l i f et i me do not cont r i but e si gni f i cant l y t o t he CP vi ol a-

t i on measur ement . Ther ef or e, r at her st r i ngent cut s on

ver t ex separ at i on can be used wi t hout i ncr easi ng t he

st at i st i cal er r or of t he measur ement of si n( 2, B) .

Si nce t he decay mode B° - J/ 0 KS l eads t o a CP

ei genst at e, one cannot t el l _f r om t he f i nal st at e whet her

one i s obser vi ng a B° or B° decay . For t he_measur e-

ment of a CP asymmet r y bet ween B° and B° decays,

t he i ni t i al f l avor of t he decayi ng B has t o be t agged by

ot her means . For t he pr oposed exper i ment , we st udi ed

t aggi ng based on ei t her t he char ge of l ept ons f r om t he

semi l ept oni c decay of t he second B i n t he event , or

based on t he char ge of kaons f r om t he decay of t hi s

second B. Af t er a cut i n t he t r ansver se moment um of

t he l ept on, PT > 1 GeV, i n or der t o r emove wr ong- si gn

l ept ons f r om t he b - > c - 1 + X cascade, semi l ept oni c

decays pr ovi de a r at her cl ean t ag, al bei t wi t h l ow

( = 10%) t aggi ng ef f i ci ency . I n cont r ast , kaon t ags have

a hi gher t aggi ng ef f i ci ency, si nce most Bdecays cont ai n

at l east one char ged kaon, but mi st aggi ng i s mor e

f r equent , r esul t i ng i n a di l ut i on of t he obser vabl e CP

asymmet r y . For ei t her t ag, an addi t i onal di l ut i on i s

i nt r oduced by f l avor mi xi ng of t he t aggi ng B bef or e i t s

decay . Aver aged over al l speci es of t aggi ng B mesons,

t hese osci l l at i ons r educe t he net CP asymmet r y by

about a f act or 0. 65- 0. 70 .

The st at i st i cal er r or i n t he det er mi nat i on of t he CP

asymmet r y si n( 28) i s t hen gi ven by Jsi n( 2, 8) =

( 1/ D) ( K/ N) l / 2, wher e N i s t he number of t agged

event s sur vi vi ng a ver t ex separ at i on cut ( i n our case, at

0. 7 l i f et i mes) , D= 0. 5 i s t he net di l ut i on f act or , and

K= 1. 5 i s a cut - dependent st at i st i cal f act or ar i si ng f r om

t he aver age over t he t i me- dependent CP asymmet r y .

To achi eve a st at i st i cal er r or i n si n( 2ß) of 0. 05, one

needs r oughl y 3000 event s . To r el at e t hi s number of

t agged B decays t o t he t ot al number of i nt er act i ons

r equi r ed, we need t o account f or t he r at i o of t he b

cr oss sect i on t o t he t ot al cr oss sect i on ( = 10 - 6 f or a

nucl ear _t ar get ) [ 4, 51, f or t he pr obabi l i t y t o gener at e a

B° or B° i n a b event ( = 0. 8) , f or t he B° br anchi ng

r at i o t o J/ 0 KS ( =4 X 10 - 4 ) , f or t he l ept oni c J/ t L

br anchi ng r at i o ( =0. 14) and f or t he KS - > 7r +7r -

br anchi ng r at i o ( 0 . 69) , r esul t i ng i n r oughl y 3 X10 - t t

decays per event . I ncl udi ng est i mat es f or t he peak

r econst r uct i on ef f i ci ency ( 0 . 5) , t he t r i gger ef f i ci ency

( 0 . 7) , t he ef f ect of var i ous cut s ( 0 . 5) and t he t aggi ng

ef f i ci ency ( 0 . 5) , we f i nd t hat t he sear ch f or CP vi ol at i on

r equi r es about 10 15 i nt er act i ons, cor r espondi ng t o 5

year s of dat a t aki ng at a 20 MHz i nt er act i on r at e . For

t he pr oposed exper i ment , we ai m f or r at es i n t he

30- 50 MHz r ange. Gi ven t hat t he bunch cr ossi ng r at e

at HERA i s onl y 10 MHz, t hese number s i mpl y t hat

t he det ect or has t o be abl e t o handl e and sor t out

mul t i pl e event s i n each bunch cr ossi ng .

Obvi ousl y, such an exper i ment r epr esent s qui t e a

t echni cal chal l enge ; at hi gher ener gi es, wi t h l ar ger b

cr oss sect i ons, t he t ask woul d be si mpl i f i ed consi der -

abl y . However , compar ed t o machi nes l i ke LHC or

SSC t he HERA r i ng has a bi g advant age : i t i s avai l abl e

nowand i t can accommodat e a dedi cat ed B exper i ment

( i n cont r ast , e. g, t o t he Tevat r on col l i der , wher e al l

sui t abl e i nt er act i on r egi ons ar e occupi ed) . HERA wi l l

be oper at ed mor e or l ess cont i nuousl y f or many year s,

and has a uni t y dut y cycl e . These t wo f act or s pr ovi de a

si gni f i cant gai n r el at i ve t o f i xed- t ar get pr ogr ams at

CERN or FNAL . Fi nal l y, t he hi gh i nt ensi t y of t he

i nt er nal beam al l ows t he use of a t hi n l i ne- t ar get , wi t h

negl i gi bl e r e- i nt er act i ons . AB exper i ment r unni ng at

r at es as hi gh as 50 MHz woul d use 2 X 10" p/ h,

cor r espondi ng t o a beam l i f et i me of 100 h at t he

nomi nal HERA cur r ent . Such a l i f et i me l i mi t i nt r o-

duces onl y a negl i gi bl e degr adat i on i n t he i nt egr at ed

l umi nosi t y f or e- p col l i der oper at i on, as r equi r ed f or

t he par asi t i c oper at i on of t he exper i ment . The r emai n-

der of t hi s paper wi l l addr ess some of t he most cr uci al

poi nt s of t he exper i ment :

- t he ef f i ci ent oper at i on of t he i nt er nal t ar get ;

- t he det ect or , whi ch shar es many f eat ur es wi t h

SSC/ LHCdet ect or s;

- t he t r i gger and r eadout scheme ;

- t he r ej ect i on of backgr ounds under t he Bsi gnal .

2. The i nt er nal t ar get

Two opt i ons wer e st udi ed f or t he i nt er nal t ar get i n

t he HERA pr ot on r i ng : a gas j et t ar get i n t he beam
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cor e, and a hal o t ar get , act i ng essent i al l y l i ke a col l i ma-

t or . The gas j et t ar get has t he advant age t hat i t r epr e-

sent s a wel l - est abl i shed t echni que . However , t he hi gh

i nt er act i on r at e r equi r es a dense t ar get , whi ch wi l l ,

i nt egr at ed over a r un, i ncr ease t he beamemi t t ance . To

mi ni mi ze t hi s emi t t ance gr owt h AE due t o mul t i pl e

scat t er i ng i n t he t ar get , 4e = 1302 s , a smal l 6- f unct i on

at t he l ocat i on of t he t ar get i s r equi r ed . On t he ot her

hand, one needs t o cr eat e a l ar ge i nt er act i on vol ume,

t o have t he mul t i pl e i nt er act i on ver t i ces i n each bunch

cr ossi ng separ at ed by di st ances l ar ge enough t o al l ow

an unambi guous ver t ex assi gnment of t r acks. A t r ans-

ver se spr ead of t he ver t i ces i s most ef f i ci ent , gi ven t hat

par t i cl e di st r i but i ons ar e st r ongl y peaked i n t he f or -

war d di r ect i on, but such a l ar ge beam si ze i s i n di r ect

cont r adi ct i on wi t h t he l ow- 0 r equi r ement .

I n cont r ast , a hal o t ar get act i ng l i ke a col l i mat or

uses onl y pr ot ons i n t he machi ne hal o, whi ch ar e

di f f usi ng out war ds t owar ds t he aper t ur e l i mi t . A hal o

t ar get maki ng use of t hese pr ot ons does not i nt er f er e

wi t h t he beamemi t t ance, or wi t h t he l umi nosi t y oper a-

t i on . I t i s wel l known t hat onl y t he edges of a col l i ma-

t or ar e i l l umi nat ed; such a t ar get wi l l t her ef or e pr ovi de

a l i ne sour ce, wher e t wo coor di nat es of t he ver t i ces ar e

known wi t h hi gh pr eci si on ( some 10 / _t m) , and wher e

ver t i ces ar e spr ead out i n t he t hi r d ( t r ansver se) di r ec-

t i on, al ong t he col l i mat or edge . The di f f i cul t y wi t h such

a t ar get i s t hat i s needs t o i nt er cept a si gni f i cant

f r act i on of al l pr ot ons bei ng l ost i n t he machi ne; a

t ar get wi t h 50% ef f i ci ency ( i . e . , capt ur i ng 50% of al l

pr ot ons bei ng l ost ) wi l l r equi r e beam l i f et i mes bel ow

50 h t o sust ai n a 50 MHz i nt er act i on r at e . Si nce our

si mul at i ons i ndi cat e t hat such ef f i ci enci es can be

achi eved wi t h a pr oper l y desi gned t ar get , we adopt ed a

hal o t ar get made of mul t i pl e t hi n wi r es or r i bbons as

our pr i mar y choi ce . ( Wi r es ar e used i nst ead of a sol i d

col l i mat or bl ock i n or der t o avoi d secondar y i nt er ac-

t i ons i n t he t ar get and t o pr ovi de a wel l - def i ned l oca-

t i on of t he ver t ex i n t he beam di r ect i on . )

The l ayout of t he hal o t ar get i s shown i n f i g. 3 ; i t

consi st s of t wo set s of f our st eel wi r es of about 50 ) um

ef f ect i ve di amet er . The t wo set s ar e separ at ed al ong

t he beam by about 5 cm. The posi t i on of each wi r e i s

r emot el y cont r ol l ed ; t ypi cal l y, t he wi r es wi l l be posi -

t i oned at 4 st andar d devi at i ons f r om t he beam, cor r e-

spondi ng t o about 2 mm. The t hr ee t o f i ve i nt er act i on

ver t i ces per bunch cr ossi ng wi l l be spr ead uni f or ml y

over t he ei ght wi r es, and over di st ances of sever al mm

al ong each wi r e, mi ni mi zi ng t r ack conf usi on bet ween

ver t i ces . The t hi n wi r es pr ovi de wel l - def i ned ver t ex

l i nes . To be used as an ef f i ci ent const r ai nt on t he B

pr oduct i on poi nt , t he wi r e ( or r i bbon) di mensi ons

shoul d be smal l er t han t he exper i ment al r esol ut i on on

t he B decay ver t ex ( whi ch i s ar ound 20- 30 / - Lm r ms i n

t he t r ansver se di r ect i on, and 300- 400 l t . m al ong t he

beam) . The mai n di f f er ence bet ween t hi s syst em and a

CP vi ol at i on mt he B syst em
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Fi g . 3 . Layout of t he wi r e t ar get geomet r y .

r eal col l i mat or i s t hat a par t i cl e has t o cr oss a wi r e a

f ew hundr ed t o t housand t i mes bef or e i t i s absor bed.

As poi nt ed out ear l i er , i t i s cr uci al t hat t he t ar get i s

ver y ef f ect i ve i n cat chi ng pr ot ons about t o be l ost i n

t he machi ne . The t ar get ef f i ci ency i s gover ned mai nl y

by t he compet i t i on of t he hal o t ar get wi t h ot her aper -

t ur e l i mi t at i ons i n t he machi ne . Once t he bet at r on

ampl i t ude of a par t i cl e i s l ar ge enough t hat i t i nt er sect s

one of t he t ar get wi r es, t he f ol l owi ng pr ocesses com-

pet e :

- absor pt i on i n t he t ar get wi r e ;

- i ncr ease of t he bet at r on ampl i t ude due t o st ochast i c

di f f usi on and l oss of t he par t i cl e due t o t he f i ni t e

aper t ur e of t he machi ne;

- i ncr ease of t he bet at r on ampl i t ude due t o mul t i pl e

scat t er i ng i n t he t ar get wi r e i t sel f , r esul t i ng i n t he

l oss of t he par t i cl e .

I n addi t i on, t he ener gy l oss i n t he t ar get wi r e causes

synchr ot r on osci l l at i ons of t he hal o par t i cl es . Cont r ar y

t o f i r st r ough est i mat es, however , det ai l ed t r acki ng

si mul at i ons showed t hat t he i nf l uence of t hese syn-

chr ot r on osci l l at i ons on t he t ar get ef f i ci ency i s negl i gi -

bl e .

At 4or f r om t he beam, t he di f f usi on speed i s ex-

pect ed t o be of t he or der of O. I o- / s, i ncr easi ng st eepl y

wi t h t he di st ance f r om t he beam [ 6, 7] . Ther ef or e, a

par t i cl e at 4o- wi l l usual l y l ast onl y a f ew seconds

bef or e r eachi ng t he ef f ect i ve aper t ur e of 6o- t o 7Q.

Dur i ng t hese f ew seconds, t he par t i cl e has t o cr oss

enough wi r e mat er i al t o be absor bed wi t h a hi gh pr ob-

abi l i t y . For gi ven wi r e di mensi ons, t hi s i s most easi l y

achi eved f or dense t ar get s wi t h hi gh at omi c number .

The emi t t ance i ncr ease due t o mul t i pl e scat t er i ng,

de =, 60nns, i s gover ned by t he l ocal / 3- f unct i on and by

t he r at i o of t he r adi at i on l engt h t o t he nucl ear i nt er ac-

t i on l engt h of t he t ar get . On aver age a par t i cl e t r a-

ver ses one i nt er act i on l engt h bef or e bei ng absor bed,

r esul t i ng i n

Br ms- 14 MeV/ p( Ai nt / Ar ad

) 1/ 2 .
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Fi g. 4 . Absor pt i on ef f i ci ency of t he mul t i wi r e t ar get of f i g . 3 as

a f unct i on of t he 0- f unct i on f or a 7o- aper t ur e of t he machi ne

and sever al choi ces of t he dr i f t speed v( D) .

To mi ni mi ze t he l osses due t o mul t i pl e scat t er i ng i n

t he t ar get , a smal l ß- f unct i on and a l ow- Z t ar get ar e

needed .

As a compr omi se bet ween t hese conf l i ct i ng r equi r e-

ment s, we i ni t i al l y consi der ed i r on or copper as t ar get

mat er i al s . Mor e r ecent l y, we became awar e of t he

l ar ge number s of hi ghl y i oni zi ng nucl ear f r agment s

pr oduced i n such t ar get s . Ther ef or e, l i ght er t ar get s

such as al umi num or car bon ar e now f avor ed, si nce a

si gni f i cant f r act i on of t he sl ow t r acks wi l l penet r at e t he

f i r st l ayer s of t he si l i con ver t ex det ect or and may cause

si gni f i cant r adi at i on damage .

The ef f i ci ency of t he t ar get was st udi ed ext ensi vel y

by t r acki ng si mul at i ons and by beamdynami cs cal cul a-

t i ons based on t he di f f usi on equat i on [ 81 ; i n addi t i on, a

ser i es of exper i ment al measur ement s was conduct ed

dur i ng t he l ast year . Some r esul t s of t he si mul at i ons

ar e summar i zed i n f i gs . 4 and 5 . I n f i g . 4 t he expect ed

dependence of t he t ar get ef f i ci ency on t he / 3- f unct i on

i s i l l ust r at ed, f or di f f er ent val ues of t he di f f usi on speed

( t he upper cur ve wi t h a speed of 0. 1o- / s i s pr obabl y

most r eal i st i c) . As expect ed, a hi gh t ar get ef f i ci ency i s

8 st eel - wi r e t ar get

ß ( r n)
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. ( 0) = 0. 1 e/ .

. ( D) l 1 . 0 e~.

Ç ß=10m

Fi g. 5 . Absor pt i on ef f i ci ency as a f unct i on of t he at omi c mass

number A of t he t ar get f or a 7Q aper t ur e and t wo choi ces of

v( D) and t wo val ues of , 6 .
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Fi g . 6 . Test set up wi t h a si ngl e- wi r e i nt er nal t ar get i n t he
HERA pr ot on r i ng .

obt ai ned wi t h smal l ß- f unct i ons ( f or r ef er ence, t he e- p

exper i ment s have l 3- f unct i ons of about 1 m ( ver t i cal )

and 10 m( hor i zont al ) at t he I R) . Fi g . 5 shows t he

dependence of t he t ar get ef f i ci ency on t he t ar get mass

number A, f or a ( 3 = 10 mand of / 3 = 50 m. The l at t er

val ue i s consi der ed as t he upper l i mi t accept abl e f or

t he exper i ment . I n t he case of moder at e di f f usi on

speeds, l ow- A t ar get s ar e pr ef er r ed, and r each ef f i ci en-

ci es exceedi ng 80%.

I n or der t o est abl i sh a f i r mer basi s f or t hese est i -

mat es, a t ar get t est set up was i nst al l ed near t he HERA

west hal l , and was oper at ed wi t h beam f or about 10 h

dur i ng t he 1992 r unni ng per i od . The set up consi st ed of

a ( ver t i cal ) 100 p, mcopper wi r e mount ed on a st andar d

col l i mat or dr i ve, of t hr ee t r i gger hodoscopes at smal l

angl es downst r eam of t he t ar get wi r e, and of t wo vet o

count er s upst r eam ( f i g. 6) . The r el evant hor i zont al

/ 3- f unct i on at t he l ocat i on of t he wi r e was 90 m, some-

what l ar ger t hat i deal . I n addi t i on t o t he r at es of t he

count er s, beam par amet er s such as cur r ent and l i f e-

t i me as wel l as t he backgr ound r at es i n t he bi g e- p

exper i ment s wer e moni t or ed .

Typi cal r esul t s of a t est r un ar e i l l ust r at ed i n f i g . 7 ;

shown ar e t he wi r e posi t i on as a f unct i on of t i me - t he

wi r e i s moved t owar ds t he beam i n st eps of 30 p, m -

and t he count i ng r at es i n t he sci nt i l l at or hodoscopes .

Af t er each st ep of t he wi r e, t he count i ng r at e shows a

st eep r i se, f ol l owed by a gr adual set t l i ng of t he r at es .

The st ep ar i ses when t he wi r e cl ear s a new r egi on of

phase space f r om hal o par t i cl es; t he r at e t hen set t l es

t owar ds an equi l i br i um bet ween out war d di f f usi on of

t he par t i cl es and absor pt i on at t he wi r e . Al so shown i s

t he f r act i on of event s wher e t he upst r eam vet o coun-

t er s f i r ed . I t i s obvi ous t hat t he i ncr eased count i ng r at e

i s r eal l y due t o i nt er act i ons i n t he t ar get wi r e, r at her

t han due t o a gener al di st ur bance of t he beam r esul t -

i ng i n an i ncr eased hal o : bef or e t he wi r e i s moved i nt o

t he beam, about 90%of t he event s have t he upst r eam

vet o count er s set , i ndi cat i ng t hat t hese event s ar e

caused by par t i cl es l ost al l ar ound t he machi ne, and

cr eat i ng shower s i n t he beam pi pe and t he magnet s

upst r eam of t he t ar get . Wi t h t he t ar get i n t he beam,



ô 5. 0

t [ s]

Fi g . 7. Resul t s of a t est of t he wi r e t ar get . Top : wi r e posi t i ons
as a f unct i on of t i me . The beam si ze i s r oughl y 1 mm. Mi ddl e :
cor r espondi ng count i ng r at e i n t he sci nt i l l at or hodoscopes
downst r eam of t he t ar get . Bot t om: f r act i on of event s wher e

t he vet o count er s upst r eamof t he wi r e t ar get f i r ed .

t he vet o r at e decr eases t o about 5%, t her eby excl udi ng

upst r eam par t i cl e l osses as a domi nant sour ce of t he

hodoscope count i ng r at e . I n f act , t he t i mi ng spect r a of

t he vet o count er s i ndi cat e t hat wi t h t he wi r e t ar get i n

t he beam, most of t he r emai ni ng vet o count s r esul t

f r om backwar ds movi ng nucl ear f r agment s cr eat ed i n

i nt er act i ons at t he t ar get wi r e . Dur i ng t hi s wi r e t est ,

t he backgr ounds moni t or ed i n t he ZEUS exper i ment

di d not i ncr ease ( see f i g . 7) .

Fi g. 8 shows anot her t est r un, wher e t he t ar get was
moved at a sl ower pace and wher e t he set t l i ng of

count i ng r at e af t er each st ep of t he t ar get wi r e i s

obvi ous . Her e and i n al l ot her t est s, t he HERA ma-

chi ne was oper at ed at about 1% of t he desi gn cur r ent ,

car r i ed by a t en bunch t r ai n . The obser ved r at es ex-

t r apol at e t o MHz r at es f or t he desi gn cur r ent ; peak
r at es measur ed i n t he t est wer e i n t he 100 kHz r ange,

equi val ent t o about 10 MHz at desi gn cur r ent . Fr om
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Fi g . 8 . Count i ng r at e i n t he sci nt i l l at or hodoscopes as a

f unct i on of t i me. The wi r e t ar get was moved t owar ds t he

beam i n t hr ee st eps .

t he measur ed beaml i f et i me and t he machi ne cur r ent s,

t he l oss r at e can be cal cul at ed and hence t he f r act i on

of par t i cl es absor bed i n t he t ar get wi r e . The r esul t i ng

t ar get ef f i ci enci es ar e i n t he r ange of a f ew per cent

( f i g . 9) , wi t h peak ef f i ci enci es of 15% i n some r uns .

Whi l e t hese ef f i ci enci es ar e si gni f i cant l y l ower t han t he

ones r equi r ed f or t he act ual exper i ment , t he ef f i ci ency

val ues ar e wel l r epr oduced by our si mul at i ons ( f i g. 9) .

The mai n r easons f or t he l ow ef f i ci ency ar e t he f act

t hat we used onl y one i nst ead of ei ght t ar get wi r es, t hat

t he wi r e was i nst al l ed i n a l ocat i on wi t h a qui t e l ar ge

/ 3- f unct i on, and t hat dur i ng t hese r uns t he ef f ect i ve

aper t ur e of about SQ was smal l er t han expect ed, due

t o obst acl es and mi sal i gnment s i n t he HERA pr ot on

r i ng .

For t he next r unni ng per i od, t he t est set up wi l l be

upgr aded usi ng t hi cker wi r es wi t h a t ot al mass cor r e-

spondi ng t o t he ei ght - wi r e t ar get , wi t h a second ( hor i -

4 . 6 4 . 8 5 . 0 5 . 2 5. 4

Wi r e Posi t i on [ mm]
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Fi g . 9 . Tar get ef f i ci ency ( cal cul at ed usi ng t he machi ne cur -
r ent , t he beam l i f et i me and t he count i ng r at e and ef f i ci ency of
t he hodoscopes) , as a f unct i on of t he posi t i on of t he wi r e
t ar get . The band i ndi cat es t he r esul t s of Mont e Car l o t r acki ng
si mul at i ons ; si nce t he absol ut e posi t i on of t he t ar get r el at i ve
t o t he beam was not cal i br at ed, t he cur ves wer e shi f t ed by

about 1 mmf or t he best f i t .
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zont al ) wi r e, wi t h l ar ge- accept ance t r i gger i ng and vet o

count er s, wi t h a t r acki ng syst em t o t r ack par t i cl e t r aj ec-

t or i es t o t he wi r e t ar get , and wi t h an i mpr oved dat a

acqui si t i on syst em. The conf i gur at i on shoul d al l ow ab-

sor pt i on ef f i ci enci es cl ose t o t he f i nal r equi r ement s,

and wi l l al l ow a much mor e det ai l ed eval uat i on of t he

qual i t y of our si mul at i ons .

3 . The det ect or

The r equi r ement s on t he det ect or of t he pr oposed

B exper i ment at HERA can be summar i zed as f ol l ows :

- Reconst r uct i on of mul t i pl e event s wi t h as many as

50 t r acks per bunch cr ossi ng at 10 MHz bunch

cr ossi ng r at e wi t h hi gh ef f i ci ency ;

- r econst r uct i on of Bdecay ver t i ces ;

- i dent i f i cat i on of l ept ons and char ged kaons ;

- f ast and hi ghl y sel ect i ve t r i gger on J/ O;

- r adi at i on- har d det ect or el ement s .

The det ect or concept di scussed her e i s based on t he

wor k pr esent ed i n t he Let t er of I nt ent [ 3] ; whi l e we

expect t he gener al concept t o sur vi ve wi t hout maj or

modi f i cat i ons, numer ous changes concer ni ng t he opt i -

mi zat i on of i ndi vi dual det ect or component s ar e under

di scussi on .

The l ow B pr oduct i on cr oss sect i on r equi r es t he

ef f i ci ent det ect i on of decay pr oduct s ; t her ef or e, t he

det ect or has t o cover most of 4a i n t he cent er - of - mass

f r ame . Fi g. 10 di spl ays t he geomet r i cal accept ance f or

B° - J/ 0 Kç decays as a f unct i on of t he mi ni mum and

maxi mum pol ar angl e cover ed by t he det ect or . I n t he

det ect or desi gn, we ai med f or a pol ar angl e cover age of

r oughl y 10 t o 200 mr ad, cor r espondi ng t o 90%of 47r i n

t he cms . Lower angl es ar e excl uded because of t he

pr ot on beam pi pe goi ng t hr ough t he det ect or ; an ac-

cept ance si gni f i cant l y l ar ger t han 200 mr ad woul d r e-

sul t i n dr ast i cal l y i ncr eased cost s f or t he spect r omet er

v
c
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Fi g . 10 . Geomet r i cal ef f i ci ency of t he det ect or f or B° -

J/ 0 KS decays as a f unct i on of t he maxi mum pol ar angl e

cover ed by t he det ect or ( l ef t ) , and as a f unct i on of t he

mi ni mumpol ar angl e ( r i ght ) . I ncl uded i s t he ef f i ci ency f or t he

det ect i on of t he Kg , whi ch has t o decay bef or e t he magnet .
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Fi g. 11 . Conf i gur at i on of t he pr oposed B spect r omet er , wi t h

t he si l i con ver t ex det ect or , t he mai n t r acki ng syst em wi t h a

di pol e magnet , TRDand RI CH count er s f or par t i cl e i dent i f i -

cat i on, t he el ect r omagnet i c cal or i met er and t he muon syst em.

magnet . The pl ot s i n f i g . 10 ar e made f or a si ngl e- mag-

net spect r omet er , wi t h t he magnet cent er ed about 4 m

downst r eam f r om t he t ar get . The ef f i ci ency of such a

spect r omet er i s l i mi t ed t o about 80%even i n t he case

of per f ect angul ar cover age because t he Ks i s r equi r ed

t o decay upst r eam of t he anal ysi s magnet . The posi t i on

of t he magnet ( f or a f i xed magnet aper t ur e) r epr esent s

a compr omi se bet ween sol i d- angl e cover age and KS

accept ance . I n pr i nci pl e, t hi s compr omi se can be ci r -

cumvent ed by t wo- magnet syst ems as t he ones pr o-

posed by t he LHB[ 9] and COBEX [ 10] gr oups ; t her e, a

f i r st magnet pr ovi des l ar ge sol i d- angl e cover age and a

second magnet anal yzes most of t he l at e decays of f ast

K5 . We have anal yzed such conf i gur at i ons ; t hei r mai n

di sadvant age f or t he appl i cat i on i n HERA i s t he i n-

cr eased t ot al l engt h of t he spect r omet er , whi ch i s di f f i -

cul t t o f i t i nt o t he avai l abl e hal l . Gi ven t hi s l engt h

const r ai nt , we f ound t hat t wo- magnet sol ut i ons di d not

r esul t i n si gni f i cant gai ns i n accept ance .

The pr el i mi nar y desi gn of t he det ect or i s shown i n

f i g . 11 . A 2 m l ong ver t ex det ect or syst em i s f ol l owed

by t he anal ysi s magnet packed wi t h t r acki ng chamber s,

a TRD f or el ect r on i dent i f i cat i on, an i magi ng

Cher enkov count er f or kaon i dent i f i cat i on, t he el ect r o-

magnet i c ( spaghet t i ) cal or i met er and t he muon syst em.



I nt er l eaved bet ween TRD, RI CH and cal or i met er ar e

f ur t her t r acki ng chamber s, mai nl y f or t r i gger i ng pur -

poses . The spect r omet er cover s about 165 mr ad i n t he

non- bendi ng pl ane and about 300 mr ad i n t he bendi ng

pl ane . Not e t hat t he HERA el ect r on r i ng has t o go

t hr ough t he det ect or and t hr ough t he pol e f ace of t he

magnet , at a di st ance of about 90 cm f r om t he pr ot on

beam. One par t i cul ar l y cr uci al poi nt i s t he desi gn of

t he beam pi pe i n t he ver y f or war d di r ect i on; nor mal

st r ai ght beam pi pes or coni cal pi pes r esul t i n a l ar ge

number of secondar y i nt er act i ons i n t he pi pe, wi t h

r eact i on pr oduct s t hat ar e swept i nt o t he det ect or i f

t he i nt er act i ons occur bef or e or i nsi de t he magnet . At

t hi s t i me, we ar e consi der i ng composi t e beam pi pes

made of a ser i es of i nver se cones . Such geomet r i es

l i mi t t he mi ni mum angl e bet ween a par t i cl e and t he

beam pi pe wal l t o about 50 mr ad, and r educe t he

number of secondar y i nt er act i ons . A ( GEANT- ) si mu-

l at ed event wi t h t hr ee si mul t aneous pr ot on- nucl eus

i nt er act i ons i s shown i n f i g. 12, demonst r at i ng t he hi gh

densi t y of t r acks par t i cul ar i n t he f or war d r egi on .

The hi gh densi t y of t r acks pl aces ser i ous r est r i ct i ons

on t he choi ce of t r acki ng det ect or s . For st r i p det ect or s,

such as si l i con st r i p count er s, gas mi cr ost r i p, or dr i f t

chamber s, t he maxi mum al l owabl e r eadout pi t ch i s

sever el y l i mi t ed by t he maxi mum t ol er abl e occupancy.

Fi g . 13 shows t he maxi mum pi t ch as a f unct i on of t he

i nner r adi us of t he det ect or , f or a peak occupancy of

5- 10%per det ect or cel l . ( I n t he r egi on of t he r api di t y

Fi g . 12. Si mul at ed event wi t h t hr ee si mul t aneous i nt er act i ons .
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Fi g . 13 . Maxi mumal l owabl e r eadout pi t ch f or st r i p det ect or s,

assumi ng a peak occupancy of 5 t o 10%, as a f unct i on of t he
i nner r adi us of t he cor r espondi ng t r acki ng syst em.

pl at eau, i t can be shown t hat t he par t i cl e densi t y i s

onl y a f unct i on of t he di st ance f r om t he beam, i r r e-

spect i ve of t he di st ance f r om t he t ar get ( 3] . ) At t he

i nner most r adi us of t he t r acki ng syst em - we ai m f or 1

cm - onl y si l i con syst ems can be used . The i nt er medi -

at e r egi on f r om about 5 t o 30 cm woul d be i deal l y

sui t ed f or gas mi cr ost r i p count er s ; f or t he out er r e-

gi ons, convent i onal dr i f t chamber s or st r aw chamber s

can be used . I f gas mi cr ost r i p count er s cannot be

demonst r at ed t o wor k on t he t i me scal e of t hi s exper i -

ment , smal l - cel l dr i f t chamber s or t i ny st r aw chamber s

woul d pr ovi de an al t er nat i ve, t oget her wi t h a sl i ght l y

enl ar ged si l i con t r acker .

A par t i cul ar l y cr uci al component of t he det ect or i s

t he si l i con ver t ex det ect or syst em, whi ch consi st s of a

ser i es of 15 pl anes ( per pendi cul ar t o t he beam) of

doubl e si ded si l i con st r i p count er s, suppl ement ed by

st er eo l ayer s . The count er s ar e ar r anged wi t h pr ogr es-

si ve di st ances t o pr ovi de a uni f or m cover age i n r api d-

i t y . For t he measur ement of CP asymmet r i es, t he r e-

qui r ement s on t hi s si l i con syst em ar e r at her modest ; i t s

most cr i t i cal t ask i s t he r ej ect i on of backgr ound f r om

event s wi t h pai r pr oduct i on of char med quar ks, wher e

bot h char ms decay semi l ept oni cal l y and wher e t he

r esul t i ng pai r of char ged l ept ons f al l s i nt o t he J/ t P

mass r ange . Cut s based on ki nemat i cs, i nvar i ant masses,
and event t opol ogy ar e not suf f i ci ent t o f ul l y suppr ess

t hi s backgr ound . The ver t ex det ect or pr ovi des t he i m-

por t ant addi t i onal const r ai nt t hat t he t wo l ept ons have

t o f or ma common ver t ex consi st ent wi t h t he t r aj ect or y

of t he B candi dat e . Si nce t he cont r i but i ons t o t he

ver t ex r esol ut i on f r om mul t i pl e scat t er i ng ar e pr opor -

t i onal t o t he i nner r adi us of t he det ect or , we ai m f or an

i nner r adi us of 1 cm. Each si ngl e pl ane of si l i con
det ect or s wi l l not cover t he f ul l aper t ur e of t he spec-
t r omet er , but r at her end at about 6 emf r om t he beam.
I n t ot al , each t r ack has si x t o seven hi t s i n t he si l i con

syst em. Si nce a l ar ger beam cl ear ance i s needed f or

I V. DEDI CATEDBEXPERI MENTS
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Fi g . 14 . Sket ch of t he det ect or assembl y and t he " Roman

pot s" used at t he SPS. The syst em consi st s of si x equi di st ant

det ect or pl anes . The i nner r f shi el ds ar e at a di st ance of 1 . 5

mm f r om t he beam. The det ect or mount i ng pl at es ar e at

t ached t o t he vacuum bul kheads . The bel l ows al l ow pot move-

ment s i n t he ver t i cal di r ect i on

i nj ect i on, t he whol e si l i con syst em wi l l be r et r act abl e,

si mi l ar t o t he Roman pot assembl i es used successf ul l y

i n l ong- t er m t est s of a si mi l ar , al bei t smal l er syst em at

t he CERN- SPS col l i der [ 11] ( f i g . 14) . Thi s det ect or

syst em wi l l measur e t r ack i mpact par amet er s wi t h er -

r or s of about 30 um. Si mul at i ons down t o t he l evel of

i ndi vi dual st r i p si gnal s, and i ncl udi ng pat t er n r ecogni -

t i on, show t hat a hi gh t r ack r econst r uct i on ef f i ci ency

can be mai nt ai ned even i n bunch cr ossi ngs wi t h as

many as 100 t r acks i n t he det ect or .
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Fi g . 15 . Annual r adi at i on dose deposi t ed at t he i nner edge of

t he si l i con count er s ( r = l cm) , as a f unct i on of t he pol ar

angl e.
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Fi g . 16 . Leakage cur r ent measur ed f or si l i con di ode det ect or s

as a f unct i on of t he equi val ent f l ux of 1 MeV neut r ons [ 13] .

The r adi at i on damage by 1 MeV neut r ons i s r oughl y equi va

l ent t o t he damage by char ged r el at i vi st i c hadr ons ; 10 Mr ad

cor r espond t o a f l ux of 3 x 10 14 par t i cl es/ cm2 .

The i nner edges of t he si l i con det ect or s ar e exposed

t o ver y hi gh r adi at i on doses. As shown i n f i g . 15, peak

doses ar e about 10 Mr ad/ yr . Radi at i on damage i n

si l i con det ect or s i s t he subj ect of i nt ensi ve r esear ch

r egar di ng i n par t i cul ar t he appl i cat i ons at SSC and

LHC, and t he ef f ect s of r adi at i on damage ar e r eason-

abl y wel l under st ood . They i ncl ude [ 12, 13] :

- An i ncr eased bul k l eakage cur r ent , pr opor t i onal

t o t he i nt egr at ed dose . The l eakage cur r ent 1, r esul t s

i n a hi gher shot noi se,

~z
Qnoi se- ( I I Tv/ e)

t

	

- ( AWT)
1/ 2

,

wher e A i s t he ar ea of one st r i p, Wi s t he t hi ckness of

t he waver and T, i s t he i nt egr at i on t i me const ant of t he

pr eampl i f i er . Fi g. 16 shows t he measur ed vol ume l eak-

age cur r ent of a t ypi cal si l i con di ode as a f unct i on of

r adi at i on dose [ 13] . Usi ng shor t st r i ps and f ast shapi ng

( 50 ns or l ess) , a suf f i ci ent si gnal - t o- noi se r at i o i s

possi bl e even at doses near 10 Mr ad, cor r espondi ng t o

3 x 10 14 par t i cl es / CM2 .

- The t r appi ng of char ge car r i er s, r esul t i ng i n a

r educed col l ect i on ef f i ci ency . Pr esent measur ement s

i ndi cat e, however , t hat even f or doses i n t he r ange of

sever al Mr ad, col l ect i on ef f i ci enci es of 70- 90° 10 can be

r eached [ 13] .

- Char ge t r appi ng i n oxi de l ayer s, r esul t i ng i n po-

t ent i al shi f t s or br eakt hr ough . These ef f ect s can be

mi ni mi zed by car ef ul choi ce of t he geomet r y and of t he

oper at i ng pot ent i al s .

- Cr eat i on of addi t i onal accept or si t es, causi ng a

p
+

nn
+

si l i con det ect or t o conver t i nt o a p +pn + det ec-

t or , wi t h t he p- n j unct i on movi ng t o t he opposi t e si de

of t he det ect or ( f i g . 17) [ 13] . Thi s t ype i nver si on occur s

qui t e ear l y, at f l uxes of a f ew 10 12 par t i cl es / cm2 , but

t he det ect or s cont i nue wor ki ng af t er t he i nver si on . The

mai n l i mi t at i on i s si mpl y t hat wi t h i ncr easi ng accept or
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Fi g . 17. Net i mpur i t y concent r at i on i n si l i con as a f unct i on of

t he equi val ent i nt egr at ed f l ux of 1 MeV neut r ons, det er mi ned
f r om t he vol t age r equi r ed f or f ul l depl et i on of t he det ect or
[ 131 . I ni t i al l y, t he det ect or coul d be f ul l y depl et ed by appl yi ng

80 V bi as vol t age ; at t he peak f l ux, about 350 V wer e r e-
qui r ed .

concent r at i on, hi gher vol t ages ar e r equi r ed t o f ul l y

depl et e t he det ect or . Doses up t o sever al Mr ad seem

f easi bl e f r om t hi s poi nt of vi ew.

Gener al l y, f or t he whol e t r acki ng syst em and t he

TRD we pl an t o use packet s of t r acki ng devi ces wi t h

mul t i pl e and r edundant l ayer s, each packet pr ovi di ng

t hr ee or mor e st er eo vi ews .

The RI CH syst em uses a CSF12 r adi at or , and i s

desi gned t o pr ovi de a 3o- par t i cl e separ at i on up t o 100

GeV/ c moment um. I t i s r ead out by TMAE act i vat ed

CsI phot ocat hodes . Asi mul at ed RI CH i mage i s shown

i n f i g . 18 . Despi t e t he hi gh densi t y of r i ngs i n t he

cent r al r egi on, t he Mont e Car l o si mul at i ons show l ow
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Fi g . 18 . Typi cal RI CH i mage f or a bunch cr ossi ng wi t h mul t i -
pl e i nt er act i ons .

mi si dent i f i cat i on pr obabi l i t i es i n t he r ange of 1%, wel l

wi t hi n t he r equi r ement s f or ef f i ci ent kaon t aggi ng .

Mor e r ecent l y, we have al so st udi ed C, F10 as a r adi a-

t or gas ; i t s i mpr oved t r anspar ency f or UV phot ons

compar ed t o CSF1Z pr omi ses a si gni f i cant ( > 50%)

gai n i n t he number of det ect ed phot ons .

The cal or i met er ser ves mai nl y as an el ect r on i dent i -

f i er and f ast t r i gger el ement ; i t s per f or mance i n t er ms

of ener gy r esol ut i on i s not ver y cr i t i cal . However , t he

hi gh par t i cl e densi t y near t he beam pi pe r equi r es a

desi gn wi t h a mi ni mal Mol i èr e r adi us t o r educe shower

over l ap, and wi t h t he possi bi l i t y f or a f i ne- gr ai ned

r eadout . A spaghet t i cal or i met er seems t o be t he most

sui t abl e devi ce [ 14, 15] .

The r equi r ement s f or t he muon t r acki ng syst em ar e

qui t e r el axed compar ed t o t he f r ont end t r acki ng . The

muon f i l t er consi st s of 3 t o 4 mof i r on ( mor e i n t he

cor e r egi on) , i nt er l eaved wi t h dr i f t chamber s wi t h cel l

si zes of about I cm, wi t h f ast C174- based gases t o

pr ovi de dr i f t t i mes wel l bel ow t he bunch cr ossi ng f r e-

quency of 100 ns .

4 . Readout and t r i gger

The r eadout and t r i gger syst em i s a mul t i l evel sys-

t em model ed af t er t he syst ems desi gned f or LHC and

SSC det ect or s ( f i g. 19) . I n t ot al , about hal f a mi l l i on of

f r ont - end channel s have t o be handl ed . Fol l owi ng sui t -

abl e i nput el ement s ( pr eampl i f i er s, shaper s, t i me- t o-

vol t age conver t er s) , t he si gnal s wi l l be cl ocked i nt o a

60- 120 el ement f i r st l evel pi pel i ne, t o pr ovi de 6- 12 / i s

t i me f or t he f i r st - l evel t r i gger deci si on . The f i r st - l evel

pi pel i ne wi l l most l i kel y be r eal i zed as a swi t ched-

capaci t or ar r ay . The f i r st - l evel t r i gger , al so pi pel i ned,

sel ect s di - l ept on candi dat es wi t h i nvar i ant masses above

2. 5 GeV; i t s t r i gger r at e i s expect ed i n t he 10- 50 kHz

r ange . Most r ecent anal og pi pel i nes ar e r ead out by

mul t i pl exi ng t he si gnal s of t he t ypi cal l y 32- 128 chan-

nel s per chi p ont o a si ngl e f ast ADC, t her eby avoi di ng

excessi ve cabl i ng bet ween t he f r ont - end el ect r oni cs and

t he dat a acqui si t i on har dwar e. I n usual desi gns, t he
f i r st - l evel pi pel i ne has t o be st opped dur i ng t he r ead-

out . I n our appl i cat i on, t he r esul t i ng dead t i me i s

pr obl emat i c, i n par t i cul ar i f t he f i r st - l evel t r i gger r at e

i s hi gher t han expect ed . Ther ef or e, we have t o use a

modi f i ed r eadout scheme of t he f i r st - l evel pi pel i ne,

whi ch does not i nt r oduce ext r a dead t i me. Thi s can be

achi eved ei t her by i mpl ement i ng i ndependent r ead and

wr i t e poi nt er s, as i n t he HARP desi gn [ 16] , or by

addi ng a secondar y st or age ar r ay, whi ch agai n needs t o
f eat ur e i ndependent r ead/ wr i t e access .

Af t er t he f i r st l evel pi pel i ne, dat a ar e di gi t i zed,

pr epr ocessed by f ast di gi t al si gnal pr ocessor s, and

st or ed i n a second- l evel di gi t al pi pel i ne, awai t i ng t he

second l evel t r i gger si gnal t o ar r i ve af t er 200- 500 As .
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The second l evel t r i gger shoul d make use of t he ver t ex

i nf or mat i on f or l ept on candi dat es, and r ef i ne t he cut s

on par t i cl e i dent i f i cat i on ; we expect t he second l evel

t r i gger t o pr ovi de a f act or 10 r educt i on i n r at e, r esul t -

i ng i n peak t r i gger r at es ar ound 5 kHz . Fol l owi ng t he

second- l evel t r i gger , an event bui l der wi t h 50- 250

MByt es/ s t hr oughput shoul d r out e t he si gnal s t o a

t hi r d l evel t r i gger f ar m. The r equi r ed comput i ng power

i s est i mat ed t o about 5000 VAX/ 780 equi val ent s, or 50

of pr esent l y avai l abl e wor kst at i ons . Thi s t hi r d l evel

t r i gger wi l l pr ovi de a f ul l t r ack f i t f or J/ 0 candi dat es

and shoul d al l ow anot her f act or of 10 r educt i on i n

event r at e, wi t h a f i nal t ape- wr i t i ng speed of l ess t han

500 event s/ s, or about 10 MByt es/ s . We f eel t hat

essent i al l y al l el ement s of t hi s r eadout syst em exi st

t oday ; t he evol ut i on i n t he next year s wi l l however

al l ow consi der abl e cost savi ngs compar ed t o si mi l ar

syst ems i nst al l ed now.

The most cr i t i cal par t of t he t r i gger syst em i s t he

f i r st - l evel t r i gger , whi ch sel ect s and r econst r uct s di - l ep-

t on candi dat es . Lept on candi dat es i dent i f i ed i n t he

cal or i met er or t he muon syst em def i ne a " r egi on of

i nt er est " i n t he t r acki ng chamber s behi nd t he magnet .

Hi t dat a i n t hese r egi ons of i nt er est ar e anal yzed t o

check f or t r acks and t o det er mi ne t hei r moment um.

Up t o 10 t o 15 l ept on candi dat es need t o be pr ocessed

i n par al l el . For al l pai r candi dat es, i nvar i ant masses

ar e comput ed and compar ed t o a t r i gger t hr eshol d . A

f ew 10" mass combi nat i ons have t o be cal cul at ed per

second, whi ch seems f easi bl e ei t her usi ng memor y

l ook- up t abl es or f ast DSPs . For t he t r ack f i ndi ng st ep,

t wo t echni ques ar e consi der ed. One opt i on i s t o swi t ch

t he t r acker dat a i n a r egi on of i nt er est t o convent i onal

pat t er n mat chi ng uni t s, whi ch compar e i n a par t l y

ser i al , par t l y par al l el f ashi on t he hi t pat t er n t o set s of
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pr edef i ned masks . About 10" masks need t o be pr o-

cessed per second, whi ch r epr esent s an i ncr ease i n

compl exi t y of about one or der of magni t ude compar ed

t o exi st i ng t r i gger pr ocessor s as t he one used e. g . i n

ARGUS. A pr obl em wi t h t hi s appr oach i s t he huge

amount of dat a t hat i s moved bet ween t he r eadout

syst em and t he t r i gger pr ocessor . A mor e el egant sol u-

t i on [ 17] i s t o map t he chamber dat a ont o ar r ays of

r el at i vel y si mpl e pr ocessor s, each of whi ch i s r esponsi -

bl e f or a cer t ai n ar ea of a t r acki ng chamber and hol ds

al l t he r el evant hi t dat a . For a l ept on candi dat e, est i -

mat ed t r ack par amet er s ar e passed t o t he appr opr i at e

pr ocessor ( s) i n t he near est chamber i n f r ont of t he

cal or i met er and r at i on syst em. I f t he pr ocessor f i nds a

mat chi ng hi t i n t he dat a, i t r ef i nes t he t r ack i nf or ma-

t i on and passes t he message t o t he r el evant pr ocessor s

i n t he next chamber , and so on . I f mor e t han one

mat chi ng hi t i s f ound, t he pr ocessor i ssues mul t i pl e

messages . The whol e syst em act s basi cal l y l i ke a Kal man

f i l t er , successi vel y r ef i ni ng t r ack par amet er s ( and r e-

j ect i ng bad candi dat es) , unt i l f i nal t r ack par amet er s ar e

obt ai ned f r om t he pr ocessor s i n t he f i r st t r i gger cham-

ber r i ght behi nd t he magnet . The chamber ar eas wi l l

be mapped ont o pr ocessor s i n a way t o pr ovi de a

uni f or m l oad ; si nce a pr ocessor may r ecei ve mul t i pl e

messages concer ni ng t r ack candi dat es, i t needs t o be

equi pped wi t h i nput and out put buf f er s and wi l l use an

i nt er nal pr ocessi ng pi pel i ne . The mai n advant age of

t hi s second scheme - on whi ch pr esent ef f or t s ar e

cent er ed - i s t hat onl y t he r el at i vel y modest i nf or ma-

t i on concer ni ng t r ack candi dat es has t o be moved

t hr ough t he syst em, r at her t han t he f ul l chamber dat a .

Pr el i mi nar y si mul at i ons i ndi cat e t hat t he t r i gger syst em

needs t o pr ocess about t wo muon candi dat es and f our

el ect r on candi dat es per bunch cr ossi ng . Det ai l ed

Tabl e 1

Di l ept on sour ces and backgr ounds. Al l cr oss sect i ons r ef er t o e+ e - or
w+w_

pr oduct i on i n si ngl e pN col l i si ons . I n t he cal cul at i on

of backgr ounds due t o par t i cl e mi si dent i f i cat i on, a 1%mi si dent i f i cat i on pr obabi l i t y per hadr on i s assumed . I n event s wi t h mul t i pl e

i nt er act i ons, mi si dent i f i ed hadr ons f r om di f f er ent i nt er act i ons can combi ne t o f or m a f ake dh- l ept on . The t ot al f ake r at e i s

t her ef or e pr opor t i onal t o t he squar e of t he number of i nt er act i ons per event .

Sour ce Cr oss sect i on wi t hi n

±50 MeV

ar ound t he J/ 0 mass

Cr oss sect i on f or

di l ept on masses

> 2. 5 GeV

Tr acks come f r om

pr i mar y ver t ex?

Tr acks f or m

common ver t ex?

BUJ/ 4i K, =0. 6ph =0. 6pb N Y

B- >J/ OX =25ph =25ph N Y

Semi l ept oni c

B decays = 2 pb = 50 pb N N

Semi l ept oni c

char mdecays = 1 . 5 r i b = 30 r i b N N

Di r ect J/ 0

pr oduct i on = 30 r i b = 30 r i b Y Y

Dr el l - Yan = 0 . 15 r i b = 3 r i b Y Y

Par t i cl e mi si dent i f i cat i on = 0 . 7 p b = 15 pb Y Y

f or p, >0 . 5GeV/ c =100nb =2p, b



Tabl e 2

Rat e est i mat es f or B° - J/ t / r Ks .

bb pr oduct i on r at e

bb - > bd

B° - > J/ i #K°

Br ( J/ i p - 1 + 1 - ) Br ( Ko, , 7r + ar - )

Aver age geomet r i cal and r econst r uct i on ef f i ci ency

Tr i gger ef f i ci ency

Lept on qual i t y cut s

Ver t ex cut

Ki nemat i cal cut s

15 000 h r unni ng t i me

Number of event s

GEANT- based t r i gger si mul at i ons and st udi es of t he

dat a f l ow i n t he t r i gger syst em ar e i n pr ogr ess . Tabl e 1

summar i zes t he sour ces of r eal or f ake di - l ept on candi -

dat es at t he t r i gger l evel ; by f ar t he domi nant sour ce of

t r i gger s ar e f ake muons due t o decays i n f l i ght or

puncht hr ough, and f ake el ect r ons due t o over l ap of

phot ons and char ged t r acks i n t he cal or i met er .

5 . Expect ed per f or mance of t he exper i ment

The var i ous f act or s and ef f i ci enci es i nvol ved i n t he

det ect i on of B° - J/ t p KS decays ar e summar i zed i n

t abl e 2; f or 15 000 h of r unni ng t i me we expect about

4000- 7000 r econst r uct ed decays, dependi ng on t he en-

er gy of t he HERA pr ot on r i ng, whi ch coul d ul t i mat el y

r un at ener gi es as hi gh as 1 TeV. Tabl e 3 summar i zes

t he var i ous f act or s cont r i but i ng t o t he f l avor t aggi ng

and t he CP vi ol at i on measur ement . Taggi ng ef f i ci en-

ci es and mi st aggi ng pr obabi l i t i es ar e based on ARGUS

measur ement s of kaon and l ept on pr oduct i on i n B

decays . As al r eady ment i oned i n t he i nt r oduct i on, t he

l ept on t ag pr ovi des a r at her cl ean sampl e, but l ow

ef f i ci ency, wher eas t he kaon t ag has a hi gh t aggi ng

ef f i ci ency, but al so a si gni f i cant f r act i on of wr ong t ags .

Combi ni ng t he t wo t aggi ng t echni ques, a r esol ut i on of

dsi n( 2ß) = 0. 065 at 820 GeV beam ener gy appear s

f easi bl e . For 1 TeV beam ener gy, t he r esol ut i on i m-

pr oves t o dsi n( 2, 6) = 0. 050 due t o t he hi gher B cr oss

sect i on . Thi s st at i st i cal er r or compar es f avor abl y wi t h

t he expect ed si ze of t he ef f ect ( see f i g . 1) . Syst emat i c

er r or s i n t he det er mi nat i on of t he CP asymmet r y may

ar i se, e . g . , f r om unequal pr oduct i on r at es of B° and

BY, and ar e addr essed i n det ai l i n r ef . [ 3] ; basi cal l y, one

wi l l use r ef er ence pr ocesses such as t he B° - J/ t 0 K*

decay t o check f or exper i ment al bi ases .

Af i nal quest i on t o be addr essed i s t he backgr ound

under t he J/ 4i KS si gnal , and i t s i nf l uence on t he CP
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40 s - 1 f or Pbeam = 820 GeV

( 70 s - 1 f or Abeam= 1000 GeV)

0 . 8

4 x 10 - 4

0 . 1

0 . 33

0 . 7

0 . 75

0 . 50

0 . 65

5 . 4 x 107S

3900 f or
Abeam= 820 GeV

( 6800 f or Pbeam =1000 GeV)

Readout and Tr i gger

et ect or
- - - - - - - - - - - - - - - - __- - - - - - - - - - - - - - - - - - - - - - - - - -

z Event r at e

3r d Level t r i gger f ar m

( > 5000 VUPS)

Event bui l der

Wr i t e

poi nt er

Read

poi nt er

64 channel s

Swi t ched ; ;

capaci t or

ar r ay , .

. _- - - On det ect or - 1

=80 VME Cr at es ; ;

Di gi t al

memor y

Out put : =10 MB/ s

t o t ape or anal ysi s f ar m

Ver t ex det ect or

Dr i f t chamber s

RI CH

TRD

Cal or i met er

Muon syst em

150 k ch.

80 k ch.

80 k ch.

75 k ch.

15 k ch.

15 k ch.

Pi pel i ned

and/ or par al l el

1st l evel t r i gger ;

5 - 10 l i s deci si on

t i me

Sel ect s di l ept ons

wi t h M>2. 5GeV

10 - 50 kHz

1st l evel t r i gger

r at e

under di scussi on:

0t h l evel t r i gger wi t h

f act or 3 - 10 r ej ect i on

Thr oughput : 50 - 250 MB/ s

16 3

3r d Level t r i gger ; 10 ms deci si on t i me

Lept on t r ack f i t

100- 500 Hz 3r d l evel t r i gger r at e

Fi g . 19 . Dat a acqui st i on syst em wi t h f i r st and second l evel
pi pel i nes and t he f i r st , second, and t hi r d l evel t r i gger pr oces-

sor s .
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measur ement . Cut s t o enhance t he si gnal - t o- back-

gr ound r at i o i ncl ude moment um cut s on t he l ept ons

( 5- 20 GeV, dependi ng on t he pol ar angl e) , r oughl y

equi val ent t o cut s i n t he l ept on t r ansver se moment um

at about 0. 5 GeV. Thi s cut st r ongl y suppr esses f ake

l ept ons due t o mi si dent i f i cat i on of l owPT pi ons or due

t o phot on conver si on, and l ept ons f r om char m decays .

Of cour se, t he di - l ept on and di - l ept on- KS masses have

t o be consi st ent wi t h t he J/ t P mass and t he B mass,

r espect i vel y, wi t hi n t he exper i ment al r esol ut i ons of 10

and 14 MeV. One t hen r equi r es a wel l - separ at ed sec-

ondar y ver t ex of t he t wo l ept ons, consi st ent wi t h t he

t r aj ect or y of t he B candi dat e . The secondar y ver t ex i s

t ypi cal l y r econst r uct ed wi t h a pr eci si on of 300- 400 gm

al ong t he beam and of 25 gm i n t he t r ansver se di r ec-

t i on, and an 8o- separ at i on i s r equi r ed bet ween t he

mai n ver t ex and t he secondar y ver t ex . Fi nal l y, cut s ar e

Tabl e 4

Det ect or r equi r ement s of t he B exper i ment compar ed t o

st andar d LHCdet ect or s . Compar ed ar e t he t i me i nt er val s T

bet ween bunch cr ossi ngs, t he par t i cl e densi t i es do/ dy i n t he

cent r al r api di t y r egi on, t he number of i nt er act i ons per cr oss-

i ng, t he dependence of t he annual par t i cl e f l ux on t he di s-

t ance R f r om t he beam as wel l as t he f l ux at t he i nner r adi us

r mzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� , of t he det ect or .
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appl i ed t o t he decay angl es of t he J/ 0 and of t he B;

combi nat or i al backgr ounds t end t o peak i n t he f or war d

and backwar d di r ect i ons, wher eas t he r eal si gnal s have

a r oughl y uni f or m di st r i but i on .

The backgr ounds can be separ at ed i nt o t wo maj or

cat egor i es : backgr ounds due t o genui ne di - l ept ons

combi ned wi t h some KS i n t he event , and backgr ounds

i nvol vi ng f ake l ept ons . Genui ne di - l ept ons can ei t her

ar i se f r omB decays, or f r omchar m decays . I n t he f i r st

case, we f i nd a SI B r at i o i n excess of 100, i n t he

second case we obt ai n SI B = 10 . Anot her sour ce of

di - l ept ons i s di r ect J/ t p pr oduct i on by gl uon f usi on .

These di - l ept ons come f r om t he mai n ver t ex and ar e

easi l y r ej ect ed ; accor di ng t o our si mul at i ons, t he SI B

due t o t hi s pr ocess i s wel l above 10. Backgr ounds wi t h

one r eal l ept on f r om a char m or b decay, combi ned

wi t h a f ake l ept on, t ur n out t o be negl i gi bl e compar ed

t o t hose wi t h t wo genui ne l ept ons, si mpl y because i n

such event s t he pr obabi l i t y f or a semi l ept oni c decay of

t he second heavy quar k i s l ar ge compar ed t o t he

mi si dent i f i cat i on pr obabi l i t y. Fi nal l y, af t er a f ul l anal y-

si s, backgr ounds f r om t wo f ake l ept ons ar e down by a

f act or 30 compar ed t o t he si gnal ; such l ept ons t end t o

have ei t her ver y smal l i mpact par amet er s ( i f a t r ack

f r om t he pr i mar y ver t ex i s mi s- i dent i f i ed as a l ept on) ,

or r at her l ar ge i mpact par amet er s i n case of conver -

si ons or decays i n f l i ght . I n ei t her case, t he secondar y-

ver t ex f i t r ej ect s t he event .

Fi nal l y, our st udi es i ndi cat e [ 3] . t hat t he CP vi ol at i on

measur ement i s sur pr i si ngl y i nsensi t i ve t o backgr ounds

under t he si gnal ; even SI B r at i os ar ound uni t y ar e

t ol er abl e . The r eason i s si mpl y t hat , as f ar as t he CP

si gnal i s concer ned, even most of t he genui ne event s i n

t he B peak ar e " backgr ound" i n t he sense t hat t hey

have, e. g . , a bad t ag because of mi xi ng of t he t aggi ng B.

Addi t i onal backgr ound under neat h t he peak i s i r r el e-

Tabl e 3

Taggi ng ef f i ci enci es and di l ut i on f act or s .

Lept on t ag Kaon t ag

Cut s i n i mpact par amet er none o > 2 SD

o<I mm

Cut s i n moment um p > 5 GeV/ c p > 4. 5 GeV/ c

p>0. 7GeV/ cX0 - ° _85 p<50GeV

pc > 1 GeV/ c

Geomet r i cal accept ance 82% 83%

Det ect i on ef f i ci ency af t er cut s 55% 55%

Pr obabi l i t y c t o det ect cor r ect si gn t ag f r om B° or B+ ( i ncl udi ng mi xi ng) 9 . 6% 24 . 7%

Pr obabi l i t y w t o det ect wr ong- si gn t ag f r om B° or B+ ( i ncl udi ng mi xi ng) 2 . 0% 5 . 6%

Pr obabi l i t y f t o det ect f ake t ag 3. 1% 22 . 1%

Tot al t aggi ng ef f i ci ency c + w + f 14 . 7% 52 . 4%

Taggi ng di l ut i on ( c - w) / ( c + w + f ) 0 . 52 0. 36

Number of t agged event s ( f or Abeam= 820 GeV/ c) 570 2040

Er r or i n si n 2, 6 0 . 11 0. 08

Combi ned er r or i n si n 20 0 . 065

HERA- 13 LHC

T 96 ns 15 ( 25?) ns

do/ dy 2 - 4 6- 7

( H) ( Fe)

I nt er act i ons
per cr ossi ng 3- 5 > 15

Par t i cl e f l ux

per year 2 X 1014
/ R2

[ cm2 ] 6 X 10 15
/ R2

Par t i cl e f l ux 2 X 1014 / cmZ 6 X 10 13 / cm2

at r m, n at 1 cm at 10 cm



vant , unl ess i t becomes compar abl e t o t hi s " i nt r i nsi c"

backgr ound .

6 . Techni cal f easi bi l i t y of t he exper i ment

To j udge t he t echni cal f easi bi l i t y of t hi s chal l engi ng,

but pot ent i al l y ext r emel y r ewar di ng exper i ment i t i s

i nst r uct i ve t o compar e t he r equi r ement s wi t h t hose of

LHC exper i ment s . I n t abl e 4 some of t he r el evant

quant i t i es, such as t he t i me bet ween bunch cr ossi ngs

( r el evant f or t he bandwi dt h of t he f r ont - end syst ems) ,

t he par t i cl e densi t y per uni t of r api di t y, t he number of

i nt er act i ons per cr ossi ng, t he par t i cl e f l ux at f i xed

det ect or r adi us and t he peak par t i cl e f l ux at t he i nner -

most r adi us ar e cont r ast ed . The concl usi on i s t hat i n

al l but one r espect , t he B det ect or i s i nt er medi at e

bet ween exi st i ng det ect or s and LHCdet ect or s ; t he one

except i on i s t he f l ux and t he r adi at i on damage of t he

i nner most det ect or s . However , i n t he B det ect or , t hi s

i nner most si l i con syst em i s smal l and r el at i vel y i nex-

pensi ve ; one can af f or d t o r epl ace i t once per year , and

al ways have a spar e assembl y pr epar ed . Because of t he

f i xed t ar get geomet r y of t he exper i ment , such an ex-

change shoul d be r el at i vel y si mpl e .

I n many ar eas, t he pr oposed exper i ment wi l l t r y t o

bui l d upon t he R&D f or t he LHC. A number of

gr oups wor k on r el at ed t opi cs, such as RD- 2 ( Tr ack-

i ng/ Pr eshower ) , RD- 6 ( Tr acki ng TRD) , RD- 10 ( Radi -

at i on- Har d Gaseous Det ect or s) , RD- I 1 ( Second- Level

Tr i gger i ng) , RD- 20 ( Si l i con St r i p Det ect or s) and RD- 21

( Col l i der Beaut y Physi cs) . Cont act s ( so f ar most l y at an

i nf or mal l evel ) exi st wi t h many of t he gr oups, and we

envi si on a cl ose cooper at i on i n t he devel opment of t he

det ect or component s and t he r eadout el ect r oni cs .

7 . Summar y

CP vi ol at i on i s gener al l y vi ewed as one of t he most

f undament al i ssues i n par t i cl e physi cs and mer i t s st r ong

and cont i nui ng ef f or t s . The det ect i on of CP vi ol at i on

i n t he B syst em appear s wi t hi n r each of a f i xed- t ar get

exper i ment at HERA. Such a dedi cat ed B physi cs

exper i ment coul d oper at e par asi t i cal l y usi ng an i nt er -

nal t ar get and woul d not i nt er f er e si gni f i cant l y wi t h t he

nor mal e- p l umi nosi t y oper at i on of t he machi ne .

The desi gn of t he det ect or i s cl ear l y ver y chal l eng-

i ng, but i t can expl oi t t he enor mous amount of R&D

wor k under way f or t he LHC. Wi t h one except i on -
t he i ssues of r adi at i on damage i n t he i nner most f ew cm
of t he det ect or - t he basi c per f or mance par amet er s of

t he det ect or ar e r el axed compar ed t o f ul l - scal e LHC

det ect or s, and t he syst em can t o a l ar ge ext ent be

r eal i zed based on exi st i ng t echnol ogy .

W. Hof mann / Exper i ment t o st udy CP oi ol at i on i n t he B syst em

The most i mpor t ant R&D i ssues t o be addr essed

i ncl ude

- t he r at e capabi l i t y of t he i nt er nal t ar get ;

- t he det ai l ed desi gn of t he t r i gger pr ocessor ;

- t he i ssues of r adi at i on har dness ;

- t he ef f i ci ency of t he char ged- par t i cl e t r acki ng syst em

and of t he pat t er n r ecogni t i on sof t war e, r el at ed t o

t he gr anul ar i t y and r edundancy of t he chamber s .

Wor k i s i n pr ogr ess i n al l of t hese ar eas and wi l l

hopef ul l y cul mi nat e i n t he submi ssi on of a t echni cal

pr oposal t o DESY some t i me i n 1993 . I n an opt i mi st i c

scenar i o, maj or component s of t he det ect or coul d be

i nst al l ed and r eady f or dat a t aki ng ear l y i n 1997 . We

ar e open f or t he par t i ci pat i on of i nt er est ed gr oups,

cont r i but i ng t o t he desi gn and const r uct i on of t he

det ect or on t hi s r el at i vel y t i ght t i me scal e .
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