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The first muon collider would be the best accelerator at which to study a light Higgs boson, suggested
by experimental evidence. A new study is outlined here to develop a muon collider Higgs Factory
using the results of recent feasibility studies for muon storage rings as neutrino factories and R&D
on emittance exchange needed for longitudinal cooling at a high luminosity muon collider.

1. Physics of a Higgs Factory

Indirect information about the mass of the Standard Model Higgs boson can be obtained from
fits to the precision electroweak data taken at the Z 0 resonance at LEP and the SLC, including the
measured values of the top quark and W boson masses and neutrino-nucleon scattering data,
which give [1] my < 196 GeV at 95% C.L. The recent likelihood analysis [2] of combined data
from direct searches for the Standard Model Higgs boson at LEP2 shows a preference for a Higgs
boson with a mass of 115.6 GeV, at which mass the probability for the background to generate
the observed effect is 3.4%. The lower bound obtained is my > 114.1 GeV at 95% C.L. (115.4 GeV
expected). The data favor a light Higgs boson.

Experiments at the Fermilab Tevatron and the LHC will determine whether there is such a light
Higgs boson. If only one light Higgs boson is observed, it will be crucial to measure its properties
to infer whether it is a Standard Model or supersymmetric Higgs [3, 4, 5, 6]. At amuon collider [7]
the Higgs boson is produced through the s-channel, giving a production cross section that is
much larger than at an e*e~ linear collider, as shown in Figure 1 [6]. The small beam energy
spread, with beam energy measurement to ~ 10~% using g — 2 spin precession [8], will allow a
measurement of my to a few hundred keV and a direct measurement of the width to about 1 MeV.
The CP properties of the Higgs bosons can be measured through asymmetries with transversely
polarized beams [9]. The large coupling to u*u~ may be necessary to observe heavy MSSM Higgs
bosons.

A Higgs factory muon collider is also a step towards a high energy (3-4 TeV) muon collider.

Figure 1: The cross sections as a function
of energy for e*e™ interactions and u*u~
9.01% N ) interactions producing a Higgs boson and
' other systems.
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2. A Scheme to Convert a Neutrino Factory to a Higgs Factory

We consider the possibility of staging the Neutrino Factory Muon Collider program by convert-
ing as much as possible of a Neutrino Factory to a Higgs Factory [9]. We take the example of Study
II of the MC group to use BNL for the Neutrino Factory [
We show in Figure 2 that the addition of three rings may lead to the required beam properties and
cooling for the Higgs Factory. The cooling is a major challenge. In Figure 3 we show the required
longitudinal and transverse emittance for the Higgs Factory [9].

CONVERSION OF A NEUTRINO FACTORY TO A HIGGS FACTORY

[LXU—

WARM LINAC 200 MeV
Rebunch
in AGS SC LINAC 1GeV
AGS 24 GeV
BUNCH COMPRESSOR  rms 3 ns
Hg TARGET (45m)
05
BALBEKOV  INDUCTION #1 (100 m)
RING MINI COOLING (35mH,)
COOLER
INDUCTION #2 (80m)
INDUCTION #3 (80 m)
[l Bunch Compression BUNCHER (55m)
COOLING 108
L - 05-1) s m
GeV
RING
LINAC (23 GeV)
FINAL
COOLER
LiLens
Inserts
s RECIRCULATING LINAC (2.3-57 GeV)
5 -
__ HIGGS COLLIDER (57 GeV)
4 STORAGE RING
L(> (200 GeV)

Figure 2: Scheme for converting a Neutrino

Factory to a Higgs Factory.
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Figure 3: Emittance reduction needed for a Higgs
Factory.

Table I Baseline parameters for Higgs factory muon collider. Higgs/year assumes a cross section of
5 x 10* fb, Higgs width of 2.7 MeV, 1 year = 107 s. From [7].

COM energy (TeV)

p energy (GeV)
p’s/bunch
Bunches/fill

Rep. rate (Hz)

p power (MW)
u/bunch

u power (MW)

Wall power (MW)
Collider circum. (m)
Ave bending field (T)
rms 6p/p (%)

6D &GN ('ITIl’l)3

rms &, (T mm mrad)
B* (cm)

Oy spot (um)

o IP (mrad)

Tune shift

Nurns (effective)
Luminosity (cm~2 s71)
Higgs/yr

0.12
1.7 x 10710
85
4.1
86
2.1
0.051
450
1.2 x 1032
1.9 x 103

0.1
16
5x 1013
2
15
4
4x 1012
1
81
350
3
0.01 0.003
1.7 x 10710 1.7 x 10710
195 290
9.4 14.1
196 294
2.1 2.1
0.022 0.015
450 450
2.2 x 103! 1031
4x103 3.9x103
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3. Parameters of the Higgs Factory

The projected parameters of the Muon Collider Higgs Factory are given in Table I [7, 9]. The
key to achieving these parameters is the final cooler as described in the next section.

4, Balbekov Ring Cooler and a Storage Ring Final Cooler

The keys to the conversion of a Neutrino Factory to a Higgs Factory are shown in Figure 2. We
consider these two rings to be a Balbekov Cooler Ring [1 1] and a Storage Ring Cooler [9, 12].

The basic concept is that the Balbekov ring (Figure 4) reduces the emittance as shown in Figure 3
to a level that allows the beam to be injected into a storage ring cooler (Figure 5). This final cooler
ring could have lithium lens inserts or hydrogen wedges as shown. Four such cooling modules
could be placed in each long straight section of a 1 GeV 300-m racetrack-shaped storage ring,
taking and restoring 240 MeV from the particles each turn.

Module For Transverse And Longitudinal Muon Cooling
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Figure 4: The Balbekov cooling ring. Figure 5: Cooling module of a storage ring cooler.
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