2nd Mini-Workshop on
Higgs Factory:
Lattice and Detector

UCLA

February 12 and 13, 1998

Organizers:

M. Atac
D. Cline
A. Garren
K. Lee

Transparency Book




Workshop Participants:

ATAC, MUZAFFER
Fermilab, MS222
P.O. Box 500
Batavia, IL 60510
MAtac@fnal.gov

CLINE, DAVID B.

University of California, Los Angeles
Physics & Astronomy Department
Box 951547

Los Angeles, CA 90095-1547
DCline@physics.ucla.edu

GARREN, AL

Lawrence Berkeley National Laboratory
Accelerator & Fusion Research Div.

1 Cyclotron Rd.

Berkeley, CA 94720
Garren@csa.lbl.gov

JOHNSTONE, CAROL
Fermilab, MS345

P.O. Box 500

Batavia, IL 60510
Johnstone@adcalc.fnal. gov

Contributed Transparencies:

PARSA, ZOHREH

Brookhaven National Laboratory
Director's Office, Bldg. 901 A
P.O. Box 5000

Upton, NY 11973-5000
Parsa@bnl. gov

LEE, KEVIN

University California, Los Angeles
Phys. & Astro. Dept.

405 Hilgard Ave.

Los Angeles, CA 90095-1547
KLee@physics.ucla.edu

PALMER, ROBERT
Brookhaven National Laboratory
Director's Office, Bldg. 901 A
P.O. Box 5000

Upton, NY 11973-5000
Palmer@bni.gov

WAN, WEISHI
Fermilab, MS345
P.O. Box 500
Batavia, IL 60510
Wan @fnal.gov



Table of Contents

Mucn Collider - Transverse Cooling, R. Palmer (BNL)- - - - - - -« - -+ v o v 1
Scientific Arguments for a Higgs Factory Muon Collider, D. Cline (UCLA)- - - - - - - 9
Luminosity Requirement for Higgs Resonance Studies- - - - - - - -« - o - o 0o 39

at the First Muon Collider, Z. Parsa (BNL)

Higgs Factory Collider Ring Lattice Lattice Studies, A. Garren (UCLA/LBNL)- - - - - 48
50 GeV Lattice Studies, C. Johnstone (FNAL) - - - -« « -« v o o oo o000 61
Tracking Study, W. Wan (FNAL): - - - - -« « « o o oo o 78

Detector Concept of High Luminosity Muon Colliders, M. Arac (UCLA/FNAL)- - - - - 79



R. Palmer (BNL)
TRANSVERSE COOLING

® Energy Loss lowers ¢;
e Coulomb Scattering Increases ¢

e At Equilibrium:

_ 14 MeV
(Bq) = B oo
e Need:
— Low Z material (H,; > Li > Be)
~Low 3,
eeg. If

Material = Hydrogen/Lithium/Beryllium
= 180 MeV

Cooling = 3/4 Max. (€1 = 4 X €eqn)
Acceptance = 4 x rms,

A el 14 MeV
09 \€equitiv 27 B2 Lp dE/dz

gacceptance -

~ 0.35y5/0.5;,/0.6p, radians



HOW TO GET LOW j3;

e Alternating solenoids

...................

Solenoid Linac Hydrogen

e B must alternate to avoid
Canonical Ang. Mom. buildup

e Problem is to match between reversals
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FIGURE 4. emittance vs. length in 10 alternating solenoid cells; TOP: transverse emit-
tance; MIDDLE: longitudinal emittance; and BOTTOM: 6-dimensional emittance



Longitudinal Emittance Exchange
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COOLING SYSTEM

e Initial 6D emittance ~ 1.5 107* (rm)®
e Final 6D emittance ~ 1.7 107!% (mm)® L

o
Reduction ~ 10° S]
i
O
¢ 6D emittance reduction/stage N gé
~ 2 [R
e Typical length 20 m 0O /3
e Trans Cool & Long Exch Alternate agr 2 é
ks
3

Number of stages ~ 20 \\@JE?

Total Length ~ 500 m i
Momentum =~ 180 MeV/c - - §§_
Decay Loss ~ 36 % CU]

e Parameters awaiting B#éh Designs V3. €



Scientific Arguments for a

Higgs Factory Muon Collider

o

2™ Higps Factory Meeting
UCLA
February 1998

David Cline

Scalar Sector of the Electroweak Theory
The Higgs Boson - Normal and SUSY
Concept of a Higgs Factory p Collider

Recent Electroweak Data — The 4* p* p~
Collider Meeting

CMS LHC Observation of the Higgs

Possible Time Scale for a Higgs Factory in
the USA
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Figure 5: (2) Quadratically-divergent one-loop correction to the Higgs vacuum-expectation

value from a Higghs loop; (b} the quadratic divergence  cancelled by a Higgsino loop in &
supersymmetric theory,
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Figure 2: Total decay wi ain branching ratios BR(H) of the
Standard Model Higgs decay channels, using the inputs of Tab. 2.
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Figure 3: B ing rat:os of the MSSM Higgs bosons h, A(a), H(b), J
decay widths T'(®)(c), using the inputs of Tab. . 4
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Table 3. mummgﬁm_“‘\ . “““ Voda

:m-ummnmwnmuwwmmmmﬂy-\
arect information about the aature of the particle and the underlying theory. Three simple examples can be cited:
.. Suppose a Higgs-tike particie is discovered with mass 110 GeV. This could either be the Standard Mode! (SM)

Higgs or aa MSSM Higgs. Am-dhwmldmesamm,dh&ﬁm
However, the SM width is § MeV - 3 formidable measurement!

L Smlmwmwﬁchhﬁmv«dwﬁammv. This is presumably beyond the MSSM
bound, but it could be an NMSSM or an SM Higgs. A measurement of the width could presumably resolve the
e,

3. Suppose & Higgs-like particle of mass 165 GeV is discovered. This is presumably evea beyond the NMSSM
itz I this s an SM Higgs. can we lears more by the study of the rare decay modes? ' }

) My 2160 eV — Sely QF

Io) My2dMy = Lic They
de M (wpot
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Table I: Arguments for a Higgs-factory u*y” collider. 77/1 LR AT

1. The m \m ratio gives coupling 40,000 times greater to the Qe 4§
Higgs pamclc In the SUSY model, one Higgs my < 120 ’
GeV!! M Cod o“'ﬂ‘. ™

2. The low radiation of the beams makes precns:on energy scans I’v\/r;w’fﬁ

possible.
3. The cost of a “custom” collider rmg is a small fraction of the

u* source. ? ki
4. Feas:bnhly report to Snowmass established that &£ ~ 103
lis feasible.

T& S031 )y Cortser o Qealon
R o he Savbe - ol *r"}*"

Collitve 0o (\.h‘ 'S Bha tole &
Shia i sevtee |



B ot ol Huds (M48

my {GeV]

\

gene |: Bowsnds on the Nigge mass ar @ function of the top quark maxs for different values !
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Data from LEP‘Q '
o 1989-1905 '

LEP | =3~ 160 pb~! (~ 5 10° Z° decays) / sapt
Sres 5.07 scan of the Z pean i~ 1855, 1985
~ l'ot™ oidalz =1.8Ge. o%zea-

* November 1905
P LEP 1.5 - 130-136 GeV => ~ 3 pb™ " / experiment

e 1908 LEP2
181 GV => ~ 10 pb—! 7 experiment

?0“ 'M' 172GeV = ~ 10 pb~! / experiment
M" . 1997

183 GeV = ~ 35 pb~!/ experiment

’DJ- qtl rerun of 130-136 GeV = ~ 3 pb™! / experiment

Datas from SLC

.

sete” onthe 7 pesk

~ “1
-~ Qm Up 1o 1998, ~ Spb~ ', with P, up 10 80%.
felw Data from FNAL
P
Cx w \ ePpat1.8TeV. RunlA+B ~ 110 pb~".
Pzai2 Rerier L8 =

New Fm T Erecrs =€
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EUROPEAN ORGANIZATION FOR PARTICLE PHYSICS

M PReAVwWE e
Turkesy e

A Combination of Preliminary
Electroweak Measurements and
Constraints on the Standaxjd Model

The LEP Collaborations* ALEPH, DELPHI, L3, OPAL,
the LEP %@Tmupt— _
and the SLD Heavy Flavour Group!

Prepared from Contributions of the LEP and SLD experiments
to the 1997 summer conferences.

Absetract

This note presents a combination of published and preliminary electroweak results from the
four LEP collaborstions and the SLD collaboration which were prepared for the 1997 summer
conferences. Averages are derived for hadronic and leptonic cross-sections, the leptonic forward-
backward asymmetries, the 7 polarisation asymmetries, the bb and cf partial widths and forward-
backward asymmetries and the qf charge asymmetry. The major changes with respect 10 results
presented last year are uwpdated results of Ay from SLD, and the inclusion of the first direct
messurements of the W mass and triple-gauge-boson couplings performed at LEP. The results are
compared with precise elertroweak measurements from other experiments. The parameters of the
Standard Model are evaluated, first using the combined LEP electroweak measurements, and then
using the full set of electroweak results.

*The LEP Collaborations sach take respounsibility for the preliminary data of their own experiment.

'D. Abbaneo, J. Akaras, P. Antilogus, T. Beboke, B. Bertucci, A. Bloadel, C. Burgasd, R. Clare, PEL. Clarke,
S. Dutta, M. Elsing, R. Factini, D. Famsouliotis, M.W. Grinewald, A. Gurta, K. Hamacher, J.B. Harsen, R W_.L. Jones,
P. de Jong, T. Kawamoto, M. Kobel, E. Lancon, W. Lohmann, C. Mariotti, M. Martines, C. Matteuzsi, M.N. Minard,
K. Mdnig, P. Molnar, A. Nippe, S. Olsbevski, Ch. Paus, M. Pepe-Altarelli, S. Petaald, B. Pietrzyk, G. Quast, D. Reid.
P. Renton, J.M. Rooey, R. Sekulin, R. Tenchini, F. Teubert, M.A. Thomson, J. Timmermans, M.F. Turner-Watson,
. Wablen, C.P. Ward, D.R. Ward, N.K. Watsog, A. Weber.

N. de Groot, E. Etsics, B. Schumm, D. Su.

"‘1‘-
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Figure 5: . The W-pair cross-section as a function of the centre of mass energy. The data points are
the LEP averages. Also shown is the Standard Model prediction (solid line), and for comparison the
cross-section if the ZWW coupling did not exist (dotted line), or if only the t-channel v, exchange

diagram existed (dashed line).
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Messurement with | Systematic | Standard | Pul§
Total Error Error Model
a(m})-? (102] 128.896  0.090 0.083 | 128.808 0.0
a) LEP
line-shape and
lepton asymmetries: .
mz [GeV] 91.1867 £0.0020 .| (©)0.0015 | 91.1866 | 0.0
T2 [GeV] 24948 £0.0025 | 900015 | 24966 | -0.7
ol [ub] 41.486 + 0.053 0.052 41.487 0.4
Re 20.775 + 0.027 0.024 2.756 0.7
Aps 0.0171  0.0010 0.0007 | 00162 | 09
+ eorrelation’ matrix Table 8 -
T polarisation:
A, 0.1411 =+ 0.0064 00040 | 0.470 | -09
Ae 0.1399 + 0.0073 0.0020 | 01470 | 1.0
qQ charge asymmetry:
sin?6}F ((Qre)) 0.2322 + 0.0010 0.0008 | 0231%52( 0.7
mw [GeV] L 80.48 + 0.14 0.05 80.375 0.8
b} SLD (8§]
sin*0lF" (ALn) 0.23055 + 0.00041 0.00014 | 0.23152 | —2.4
¢) LEP and SLD Heavy Flavour
e 0.2170 + 0.0008 0.0007 02158 | 13
Rs 0.1734 & 0.0048 00038 | 01723 | 0.2
K' 0.0984 + 0.0024 0.0010 | 01031 | -20
Ay 0.0741 + 0.0048 00025 | 00736 | 0.1
As 0.900 + 0.050 0.031 0935 | -0.7
A 0.650 + 0.058 0.029 0668 | -03
+ correiation matrix Table 18
d) ppand ¥N
mw [GeV] (pB M) 80.41 + 0.09 007 | 80375 0.4
1 - m};/m} (VN [95-97)) 0.2254 % 0.0037 0.0023 02231 | 08
m, [GeV] (pP [96-100)) 175.6 £ 5.5 4.2 173.1 0.4

Table 29: Summary of measurements included in the combined analysis of Standard Model param-
eters. Section a) summarises LEP averages, Section b) SLD results (sin@g" includes Arg and the
polarised lepton asymmetries), Section ¢) the LEP and SLD heavy flavour results and Section d)
electroweak measurements from pP colliders and ¥N scattering. The total errors in column 2 include
the systematic errors listed in column 3. The determination of the systematic part of each error is
appraximate. The Standard Model results in column 4 and the pulls (difference between measurement
and fit in units of the total measurement error) in column § are derived from the Standard Model fit
including all data (Table 30, column 4) with the Higgs mass treated as a free parameter.

(#)The systematic errors on mz and Tz contain the errors arising from the uncertainties in the LEP energy
only.

— 0N PhBLms M0 Sub
@Mfl} —



all dats except all dats
my and mw o

m [GeV] 15814 157210 173.1 & s.cé
mg  [GeV] 83t a1 115448 . 4-%“
log(mu/GeV) 192908 1623341 206233 ™

a,(m}) 0.121 + 0.003 0.120 & 0.003 0.120 £ 0.003

x3/d.of 8/9 14/12 1118

sin?/ ] 0.23188 + 0.00026 | 0.23153 £ 0.00023 | 029152 & 0.00022

1-md/m} | 0.2246 £0.0008 | 0.224040.0008 | 0.2231 % 0.0006

mw [Gevi]| 80.298+0043 | 8032020041 | 803750030

Table 30: Results of the fits to LEP data alooe, to all data except the direct determinations of m,
and mw (Tevatron and LEP-I1) and to all dsta including the top quark mass determination. As the
sensitivity to my is logarithmic, both mg as well as log(my /GeV) are quoted. The bottom part of the
table lists derived results for 3in?@’F*, 1 - ml,/m} and mw. See text for a discussion of theoretical
errors aot included in the errors above.
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Figure 13: Ax? = x® - X3... vs. my curve. The line is the result of the fit using all data (last column
of Table 30); the band represents an estimate of the theoretical error due to missing higher order
corrections. The vertical band shows the 95% CL exclusion limit on my from the direct search.
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FMC Higgs Physics

MSSM: S Higgs bosons A°, HP, A°, H* V&:
lightest MSSM Higgs boson FZ:;;
m, S 125 GeV 7

"The jewel in the SUSY {pgn'

Global EW anélyses

4 : c":zg-msdtalx ] : _ l i
) e s B { Davier & Hocker (1998
T -z

1Y 48111

] & Laagacker (1997)
11 my = 122434 Gev
I e

<
q

2 .3
My, (GeV)
Smoking gun for SUSY Higgs

Geals: |
o precisely determine Higgs mass, width, and BEs
o differentiate Ay g, from Ag,,

o find and study H°, A° .




Are we sure the Higgs s ‘Tight’ |

fit to all electroweak data

o siandard it .
My =151 qev My< 420GeV 85% o V
o i exciude SLAC A g measurement S\ 5“
My =220 183 Gev Mu< 715Gev 95% o ,D ‘
. [

L

o scale errors on Higgs sensitive quantities by 1.5
My =188 332 Gev A< 590 GeV 95% ol

o CONCLUSIONS:
best estimate for My is relatively light
but data not fulty compatible, s0 some caution |

. ) Pete Renton p;t.97 Dec. 1997
- ;

26
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o estimate final errors from LEP 1|
Z ingshape results ~ final

&

mhuwmgwodhrwm

and hsavy flavour results

* for SLD assume & sin’8'™* 5 .00025 (from .00041) &&=

* assume S Mw —> 30 MeV (LEP2 + Tevatron) 2

{present error 76 MeV)

o assume S M, — 3 GeV (from 5.5 GaV)

o §uy 0.0%

o alt quantities at SM values tor Af, = 175 GeV, a, = 0.120

My Jooeov = 300 GeV =500 GeV

Stand. assumg. 100742 300712  s00ri3
SMw = 20 MeV 100138 300718  s00t)3
dsin6'P* (AL p) 10018 aootil!  sootl¥
= 0.00015
5M, = 0.5 GeV 100732 30033  s00*l¥
da~! 0.0 100752 a00t1d  s00*iR
Pete Renton ps? Dec. 1997
-h , ' *
T2 M, W o New
A

Phee
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Lne Crysia: Caionimelel was 4as>uMed (0 Nave 4N EREIg) TesOluiion given Dy
AE/E = 2%/ VE @ 0.5% & 0.200/E in the barre! and AE/E = 5%/ YE © 0.5% @ 0.200/E in the endcap, where
there is a preshower detector. At high luminosity, a barrel pre-shower detector covers 181 < 1.1, resulting in a
resolution of AE/E = 5%/ VE & 05% @ 0.200/E and an ability to measure the photon dwection atith resolution
aa = 40 mrad/ VE in this region. For more details concerning both the
breakdown of the mass resolution, see Sect. 4.1.

The background to the H = yysignal maybediv'fded into three categ
* prompt diphoton production from quark annihilation and gluon
irreducible background, _
« * Pprompt diphoton production from significant higher-order diagrams - primarily bremsstrahlung
from the outgoing quark line in the QCD Compton diagram,
* background from jets, where an electromagnetic energy deposit originates from the decay of
¥ neutral hadrons in a jet of from 1 jet + 1 prompt photon.

The prompt diphoton background was generated using CTEQ2L structure functions in PYTHIA. For
the bremsstrahlung background, a previous PYTHIA calculation for ¥s = 16 TeV, muyp = 150 GeV, and HMRSB
structure functions, was rescaled to take account of the new parameters. The resulting cross-sections are given
in Table 12.1. It is assumed that the jet background is reduced to an insignificant level (< 10%) by the
combination of isolation and ¥ rejection cuts.

Figure 12.3 shows a background-subtracted two-photon effective mass plot for a simulated single
experiment, for an integrated luminosity of 10° pb~! (taken at high luminosity) with signals at my; = 90, 110,
130 and 150 GeVY__Fij i

and the

sion diagrams, which gives an

Events/GeV for 10° pb™

i

100 120 140
m,, (Gev)
. 12.3: Background-subtracted 2ymass plot for . Fig. 12.4 Backgrourxi-subtracted 2y mass plot for
105 pb-! with signals at my = 90, 110, 130 and 3 x 104 pb™! with signals at sy = 90, 110, 130 and

150 GeV, in the PBWO, calorimeter. 150 GeV, in

Figures 12.5 and 12.6 show contours giving the cross-section times branching ratio required to give
specified signal signiﬁcances(Ns / Jﬁ; ) as a function of mass. The significances were calculated by counting
events within a mass window of optimum width, corresponding to the width containing aboul 75% of the
signal. After a single year of running at 103 cm-2s-! (1¢° Fb*l, Fig. 12.5), an SM Higgs could be discovered

across the full range 85 to 150 GeV. After only 3 x 104 pb~
could be discovered between 95 and 150 GeV.

__@ OpSeves Bum T ReAuld

o STod1  L{LHT Hials

(Fig. 12.6), taken at low luminosity, an SM Higgs
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[n minimal supersymmetry (MSSM) there are
bosons

— g -

iICS

5 physical Higgs
RHLALHY N
Radiattve correction 4
SUn et of the Dghtcst Higes state is

ot e (57

-

w-p
ny S 130 GeV  minimal SUSY SM

S 1) GeV
LH0GeV

any SUSY GUT
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We explore the consequences of the sssumplion that the direct and induoed weak newtral currents in sn
SUH @ U{1) gauge theory comerve all guark flavors marurally, ic., for all valwes of the parameters of the
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Luminosity Requirement for Higgs

Resonance studies
At The First Muon Collider*

Zohreh Parsa

Physics Department, Brookhaven National Laboratory, Upton, New York 11973

For the “2nd Mini - Workshop on Higgs Factory”
UCLA Faculty Center, Los Angelas, California
Februatry 12-15, 1997

Abstract.  The results of our Higgs resonance studies at
the first Muon collider for the on-resonance goal of L,y ~

5x 10%%cm~2 and Lave ~ 5 x 103em =2 is given. Our analysis

indicates that Lave ~ 5 x 10%%cm™2 is too low and at least
an additional order of magnitude increase in luminosity is
needed. We investigated [4,7] the effect of beam polarization
on Higgs resonance signals and backgrounds (bb, 77, cc), an-
gular distributions (forward-backward charge asymmetries)
and the resulting effective enhancement of the Higgs signal

relative to the background, as well as the reduction in scan
time required for Higgs “discovery”.

o If the Higgs boson has a mass < 160 GeV (i.e. below the WtW~
decay threshold), it will have a very narrow width and can be
resonantly studied in the s-channel via p~p* — H production
at the First Muon Collider (FMC) [1,2]. A strategy for “light”
Higgs physics studies would be to first find the Higgs particle at
LEPII, the Tevatron, or the LHC and then thoroughly scrutinize

*) Supported by U.S. Department of Energy contract number DE-AC02-76 CHO0016.
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its properties on resonance at the FMC. There, one would hope
to precisely determine the Higgs mass, width, and primary decay
rates [3].

The FMC Higgs resonance program would entail two stages: 1)
“Discovery” via an energy scan which pinpoints the precise res-
onance position and (perhaps) determines its width. Since pre-
FMC efforts may only determine the Higgs mass to ~ £0.2-1
GeV and its width is expected to be narrow O(1~ 30 MeV) for
myg S 160 GeV, the resonance scan may be very time consum-
ing [3]. 2) Precision measurements of the primary Higgs decay
modes. Deviations from standard model expectations could point
to additional Higgs structure or elucidate the framework of su-
persymmetry [3].

The Higgs resonance “discovery” capability and scan time will
depend on Ng/+/Np (the scan time is proportional to Ng/N%),
where Ng is the Higgs signal and Np is the expected background.
The precision measurement sensitivity will be determined by
Ns/+/Ng + Ng. For both, it will be extremely important to en-
hance the signal and suppress backgrounds as much as possible.
To that end, one should employ highly resolved pu* 1~ beams with
a very small energy spread. The proposed AE/E ~ 3 x 107° is
well matched to the narrow Higgs width. It allows Ng/Np ~ O(1)
for the primary H — bb mode (see Table 1 and 2). Unfortu-
nately, high resolution is accompanied by luminosity loss. The
original on-resonance goal of Lye =~ 5 x 10*°cm 257! is too low.
Hence, we have assumed in Table 2 and throughout this paper
that an additional order of magnitude increase in luminosity to
5% 10%'cm~2s7! is attainable while maintaining outstanding beam
resolution.

For example, a factor of 10 increase in Luminosity (Table 2) re-
duces the running (scan) time by factor 10 less. Thus instead of
a “3 year” running time, it will be reduced to (3 year) over

“3 months”.
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e Expectations for my = 110 GeV are illustrated in Table 1 for
luminosity Lave =2 5 x 10¥%%m=2s~! and in Table 2 for luminosity
Lave >~ 5 x 10%lem—2571 .

TABLE 1. Expected signals and backgrounds (fully in-

tegrated) for a standard model Higgs with my = 110
GeV, 'y ~ 3 MeV. Muon collider resonance condi-
tions with no polarization, AE/E =~ 3 x 107°, and
L = 0.05 fb™! are assumed. The total number of
Higgs scalars produced is ~ 3000. Realistic efficiency
and acceptance cuts are likely to dilute signal and
backgrounds for bb and c¢ by a 0.5 factor.

H - bb cC T
Ns (events) 2400 120 270
Ng {(events) 2520 2416 945
+v/Ng+ Ng/Nsg +0.03 +0.42 +0.13

TABLE 2. Expected signals and backgrounds (fully in-
tegrated) for a standard model Higgs with my = 110
GeV, 'y ~ 3 MeV. Muon collider resonance condi-
tions with no polarization, AE/E ~ 3 x 107°, and
L = 0.5 fb~! are assumed. The total number of Higgs
scalars produced is ~ 30, 000. Realistic efficiency and
acceptance cuts are likely to dilute signal and back-
grounds for bb and ¢€ by a 0.5 factor.

H— bb cé T

Ng {events) 24,000 1,200 2,700
Np (events) 25, 200 24, 160 9,450
+/Ns + Ng/Ns +0.009 +0.13 +0.04

¢ In these tables ¢ branching ratios have been reduced compared
to those given previously [4,7]. The values given here assume
smaller charm quark mass. The prediction is quite sensitive to
the mass value assumed.

The selection of the energy and luminosity depends on 1) the
reduced scan time to normal time needed, and 2) to improve
precision to do physics. For example, to measure c¢, a factor of
10 increase in luminosity results in the improvement from 42%,
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FIGURE 1. Forward-backward asymmetry for g~ u+ — ff.

(Table 1) to about 13% (Table 2).

Other decays such as WW™ and ZZ* are very small for this mass
regions and to measure them need to improve precision. The
parameter ++/Ngs + Ng/Ns in Tables 1 and 2 was included for
convenient. Further note, the values listed in Tables 1 and 2
should be reduced by 715 to include the effect of acceptance.

e Here we describe additional ways of potentially enhancing the
Higgs signal to background ratio. The Higgs signal p~put —
H — ff results from left-left (LL) or right-right (RR) beam po-
larizations and leads to an isotropic (i.e. constant) ff signal in
cos @ (the angle between the 4~ and f). Standard model back-
grounds g~ put — 7' or Z* — ff result from LR or RL initial
state polarizations and give rise to (1 + cos?6 + §App cos6) an-
gular distributions. Similar statements apply to WW* and ZZ2*
final states, but those modes will not be discussed here.

e To illustrate the difference between signal, p~u* — H — ff,
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and background, p~ut — 7* or Z* — ff, we give the combined
differential production rate with respect to z = cos @ = 4p,--pr/s
for polarized muon beams and fixed luminosity
dN(pput = ff) 1
W2 I g+ P (1)

3 8
+ gNB[l - PP+ (P, — PM)ALR](I + 22 + gmAeff).

P.(P_)is the u*(u~) polarization with P = —1 pure left-handed,
P = +1 pure right handed, and P = 0 unpolarized. Ny is the
fully integrated (—1 < = < 1) Higgs signal and Np the integrated
background for the case of unpolarized beams, P, = P~ =0. In
that general expression,

A = OLR>LR + OLRSRL — ORL-RL — ORL—LR (2)
LE = )
OLR—LR + OLR-RL + ORLRL + ORLSLR

where, for example, LR — LR stands for pzput — fofr. The
effective forward-backward asymmetry is given by

AFB + PeffAfg

Afr= 3
eff 1+PeffALR ( )
with
P, - P
Pip=—t_""- 4
4 = 1 PP (4)
30LR>LR + ORL=RL — OLR—RL — ORL-LR
Apg = > , (5)
40rrs1R+ ORLRL + OLRSRL + ORLSLR
FB SOLR-LR+ ORLLR — OLR—RL — ORL—RL
ALR =7 6)

40LRr~LR + ORL-LR + OLR-RL + ORL-RL
and the p; ,u;' — fufjr, cross sections (i # j) are to lowest order

. . 2
s — S (T3u,- - Qu sin? HW)(Tsfi, — Qf sin’ QW)
Tij—itj' = (NC)O'(] l:]. — ;) (1 + Q‘qu Sin2 9W e . ,

Z
T3y, = Ty = Tap, = —T3¢, = —1/2, (7)

3
T3fR:0: QLL:QT:3Q6:_§QC:_1 (NC—-_-BfOI'be,C).
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FIGURE 2. Left-right asymmetry for p~u+ — ff.

Realistic cuts, efficiencies, systematic errors etc, will not be con-
sidered. They are likely to dilute the bb and cZ event rates by a
factor of 0.5. In addition, we ignore the radiative Z production
tail under the assumption such events are vetoed.

e The (unpolarized) forward-backward asymmetries are illustrated
in Fig. 1. Note that App is large (near maximal) for 77 and c¢
in the region of interest. As we shall see, that feature can help in
discriminating signal from background.

e In principle, large polarization in both beams can be important
for enhancing “discovery” and precision measurement sensitivity
for the Higgs. From Eq. (1), we find for fixed luminosity that
Ns/+/Np is enhanced (for integrated signal and background) by
the factor

1+ P, P
J1=P P+ (P. - P)Air '

(8)

Kpol =

where the App are shown in Fig. 2. That result generalizes the
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P, = P_ case [5]. For natural beam polarization {1], P, = P_ =
0.2 (assuming spin rotation of one beam), the enhancement factor
is only 1.06. For larger polarization, P, = P_ = 0.5, one obtains
a 1.44 enhancement factor (statistically equivalent to about a fac-
tor of 2 luminosity increase). Similarly, P, = P_ = 0.7 leads to
a factor of 2 enhancement or equivalently a factor of 4 scan time
reduction. Unfortunately, obtaining even 0.5 polarization simply
by muon energy cuts reduces each beam intensity [1] by a factor
of 1/4, resulting in a luminosity reduction by 1/16. Such a trade-
off is clearly unacceptable, Polarization will be a useful tool in
Higgs resonance “discovery” and studies only if high polarization
is achievable with little luminosity loss. Ideas for increasing the
polarization are still being explored {1,6]. Tau final state polariza-
tions can also be used to help improve the H — 77 measurement.

¢ Some “discovery” or sensitivity enhancement can also be obtained
from angular discrimination. A proper study would include de-
tector acceptance cuts and maximum likelihood fits. Here, we
wish to only approximate the gain. For that purpose, we assume
perfect (infinitesimal) binning and obtain a (maximal) measure-
ment sensitivity enhancement factor

1 1/2
S0+ PPN R | ©)

which becomes, from Equations (1) and (8),

1/2
16
« ( N8+NB \/1—_A f+C) C:éNS Kol
pol 1__6.A2ff+c ’ ﬂ3NBl+P+P_
(10)

e In the case of “discovery”, high polarization and/or a near max-
imal forward-backward asymmetry can significantly reduce the
scan time. Additional analysis and detail will be given in [7].
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Conclusion

We conclude that L. ~ 5 x 10%%m™2 is too low and at least
an additional order of magnitude increase in luminosity is needed
for the Higgs resonance studies at the First Muon Collider. A
factor of 10 in luminosity reduces the scan time by a factor of 10
and increases the resolution by about a factor of 3. The choice of
energy and luminosity depends on 1) the scan time needed and 2)
how precise a measurement is needed to do physics. For example,
to measure c¢, a factor of 10 increase in luminosity provides the
improvement from 42% , (Table 1) to about 13% (Table 2), and
reduces the scan time from 3 years to over 3 months. Other decays
such as WW* and ZZ* are very small for this mass regions and
to measure them need to improve precision, thus the need for
increase in Luminosity, etc.

We have shown that polarization is potentially useful for Higgs
resonance studies, but only if the accompanying luminosity re-
duction is not significant. Large forward-backward asymmetries
can also be used to enhance the Higgs “discovery” signal or im-
prove precision measurements, particularly for 77. However, to
make the s-channel Higgs “factory” a compelling facility, we must
attain a very good beam resolution and the highest luminosity
possible. An additional “discovery” or sensitivity enhancement
can be obtained from angular discrimination. For additional dis-
cussion see [7].
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HIGGS FACTORY COLLIDER RING LATTICE STUDIES
Al Garren
MUMU97
December 11, 1997

Designs for a 50 GeV collider ring lattice are progressing
well, but have not yet converged.

This talk, and the next ones by Carol Johnstones and Bill Ng,
are about the current status of this work - which has been
done mainly by Carol, Dejan Trbojevic and myself.
We have had essential help and input from:
Weishi Wan - tracking runs with COSY
A. Drozdin - designs for halo scraping and injection
I. Stumer and N. Mokhov - shielding studies and designs
Bill Ng and Ernest Courant for lattice contributions

Juan Gallardo and Martin Berz for helpfull advice



Two lattices

Currently there are two lattice designs, one by Trbojevic and
one by Johnstone and myself. For this talk, 1 will designate
them by authors initials : T for Trbojevic's and JG for

Johnstone-Garren's.
These rings have both similarities and differences:
Both use the same approach for sextupole correction..

The designs of the Interaction Region, which contains
the collision point (IP) and the low-beta quadrupoles,
are similar but not identical.

The designs of the Chromatic Correction Section are
also similar.

The modules that provide bending and give the ring zero
rnomeb;tum compaction are different in both design and
number.

The matching sections between the regions differ.

The JG lattice contains a long straight section for
scraping and injection, has zero momentum compaction
the ring closes geometrically.

The T lattice is incomplete; therefor it does not close and
has no provision for injection and scraping.

The T lattice has more arc modules, which give it more
tuning range and possibly larger dynamic aperture.
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The JG lattice

| will give an overview of the lattice. In the next talk, more of
the design and performance, especially of the interaction
regiop and chromatic correction section will be given.

The only symmetry in this ring is bilateral reflection. The first
three figures show a beta function plot of the full and half
rings and a purely lattice schematic that shows the six
component parts of each half ring.

Following these are six plots of each lattice component.
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C. Johnstone(FNAL)
50 GeV Lattice Studies
Feb 12-13, 1998

Scraping

Chromatic correction

Dynamic aperture

New 300 meter ring
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Linear lattice functions for beam line: RING
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*MAD" Version:

Range: #$/4#K

betay alfay

[m) (1}

0.040 0.000

0.040 0.000

8.17 Run: 11/02/98 12.53.53
page 1

VERTICAL

0.600

1.372

ylco} py(co) Dy Dpy

[rem) {.001] [m} (1]

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

o e ke o e 4B e T Y T = = = S A T P T ke e = e A T . B A = = e o = o v e e W e A A M ey e e ol e S B

 delta(pl/p = 0.000000  symm = F
ELEMENT SEQUENCE I HORIZONTAL
pos. element occ. dist 1 betax alfax mux x{co) px(co) Dx
no. name no. [m} I (m) [1] (2pi] fmm] [.001] [m)
hegin RING 1 0.000 0.040 0.000 0.00¢ ©0.000 0.000 0.000 0.000
end RING 1 258,183 0.040 0.000 4.335 0.000 0.000 0.000 0.000
total length = . 258.183281 ox = 4.334774
delta(s) = 0.000000 mm ox’ = ~71.093044
alfa = 0.311073E-01 betax (max) = 1331.406875
gamma (tr) = 5.66981% Dx {max) = 3.625188
g Dx(r.m.s.) L 2.192494
xco (max) = 0.000000
xcol(r.m.s.} = ¢.000000

Qy

vy’

betay (max)
Dy(nlx{
Dyir.m.s.)
yco (max)

yco{r.m.s.)

3.371945
-84.262402
1651.124623
0.000000
0.000000
0.000000
0.000000
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Survey of beam line: RING

ELEMENT SEQUENCE I
pos element occ. sum(L) arc I X
no. name no. [m) [m} I {m]
begin RING 1 0.000000 0.000000 0.000000
end RING 1 258.183281 258.215961 -7.501954
total length = 258.183281 arc length =
erxror (x} = -0,750195E+01 error(y) =
error {theta}) = error (phi) =

-0,262474E+00

258.215961
0.0000C0E+00

0.000000E+00

*MAD* Version: 8.17 Run: 11/02/98 12.531.9%3
range: #3/0B page 1
I ANGLES
z I theta phi psi
[m] 1 (rad] [rad} {rad]
0.000000 0.000000 0.000000 0.000000
$6.834891 -6.545659 0.000000 0.000000
error(z} = 0.568349E+02
error {psi) = 0.000000E+0QC
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Aperture in ¢ (10= 82 um)

Jﬂ.per’vures
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Tracking Results by the "COSY"-tracking Code
50 GeV Muon Collider - 320 m Long Storage Ring
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W GQS 800 -n ye’luﬁ qubt_@_@d Ol‘ *MAD* Version: 8.17

Run: 11/02/98 13.02.25%
Linear lattice functions for beam line: RING Range: #S/#E
deltalp)/p = 0.000000 symm = F page 1
ELEMENT SEQUENCE I HORIZONTAL I VERTICAL
pes. element occ. dist I betax alfax mux x(co) pxlco) Dx Dpx I betay alfay muy yi{co}l pylco) Dy Dpy
no. name no. [m] I [m} (11 (2pil (mm] [.001] [m] f1} 1 {m] [11 [2pi)] [mm) [.001] ([m]) [1]
begin RING 1 0.000 0.040 0.000 ¢.000 ©.000 ©.000 0.000 0.000 0.040 0.000 0.000 0.000 0.000 0.000 0.000
end RING i 277.791 0.040 0.000 $.630 0.000 0.000 0.000 0.0QO 0.040 0.000 4.628 0.000 0.000 0.000 0.000C
total length = 277.790814 ox = 5.629717 oy = 4.628156
delta{s) = 0.000000 mm Qx’ = 0.378107 oy’ = -0.434743
alfa = 0.254724E-02 betax (max) = 1379.165360 betay (max) = 1608.697409
ga.m:](tr) = 19.813680 Dx {max) = 3.625123 Dy (max) = 0.000000
”" Dxir.m.s.) = 1.684661 Dy(r.m.s.) = 0.000000
xco {max) = 0.000000 yco (max) * 0.000000
xcol(r.m.8.}) = 0.000000 ycolr.m.g8.) = 0.000000



"MAD* Version: 8.17 Run: 11/02/98 13.02,25

Suryey of beam line: RING range: #S/#E page 1
ELEMENT SEQUENCE I POSITIONS I ANGLES

pos. element occ. sum (L) arc 1 x b z I theta phi psi

no. name no. [m] [m} I (m] (m] {m] I [rad] (rad] [rad}

begin RING 1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000Q00 0.000000

end RING 1 277.790814 277.842969 -16.474205 0.000000 69,212888 ~6.750533 0.000000 0.000000

total length = 277.7908B14 arc length = 277.84296%

errori{x) = -0.164742E+02 error(y) = 0.000000E+00 error{z} = 0.692129E+02

error {theta) = -0.467348E+00 error(phil = 0.000000E+00 error(psi) = 0.G00QQ0E+0Q
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sin m
Dispersion max/min: 1.44238/-1.14854m, 7,: ( 902.37, 0.00)
B, max/min: 93.96/ 3.90443m, v,: 0.75000, | 3 0.00, Module length: 134.5706m

B, max/min:  B83.43/25.6754Bm, v,: 0.46951, £,:  0.00,

Total bend angle: 0.14074335 rad
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W. Wan (FNAL)

Tncl!l'n,, S‘fud, Feb 12-13, 1998
Status evd Plen |

o Naw tools:
— COSY vio (1-/0 times foster)

— new ULTRA SPARC ( 2 times faster)
» More In‘tgsrdd with Jvn'r\
— tung spom,

— tumy sh.:ﬁ with amplitue

. ]\'uct dlr
— Add resonamee druftl\

— T"rinae 7’-:.14 cffuﬂ'

— roioneme orrection
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Feb.12. 1998

- e

M. Atac.FNAL/UCLA

DETECTOR CONCEPTS OF HIGH LUMINOSITY
MUON COLLIDERS

OUTLINE

------------

GENERAL PURPOSE STRAWMAN DETECTOR CONCEPTS
a. VERTEX TRACKING
b. INNER TRACKING
c. OUTER TRACKING
d. EM AND HADRON CALORIMETERS

¢. MUON CHAMBERS
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MARS Calcutation

Uses a somewhat different shielding configuration than the GEANT

| QALK K “NDCA-

100 muon decays Results from Final Focus Optmization

‘ by N. Mokhov and C. Johnstone.,
. | :‘ _ !j | I!
. ‘ | '
i R 5
l %
)
ltl | {' i34 ~ »
RN A ¥ = b ,'-""*11'"': 50 aperture
' S 1 . . ..".. 40 collimators/drifts
! . 12 ML .* * Four 15 m Dipoles (8.5T)
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Background List

® Decay Backgrounds:

Two detailed complementary calculations have been performed:
GEANT calculation (I. Stumer, BNL), MARS calculation

(N. Mokhov, FNAL). The assumed final focus system and
shielding configurations assumed for the two calculations are
similar in general, but the details are very different.

Both the GEANT and MARS calculations track all particles
through the final focus and 2 Tesla detector solenoidal fields
and fully simulate:

Electron showers
Synchrotron radiation

Photonuclear interactions
Bethe-Heitler muon pair production

® Beam Halo:

Beam halo model and beam scraping design being developed,
but no resuits yet.

® Beam-Beam Interactions:
Believed to be small compared with other backgrounds
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Hit Density in a Vertex Detector

@ Consider a layer of Silicon at a radius of 10 cm. The GEANT
results for the radial particle fluxes per crossing yield:

750 photons/cm? -> 2.3 Hits/lem®
110 neutrons/cm? -> 0.1 Hits/em?
1.3 charged tracks/cm? -> 1.3 Hits/cm?
TOTAL 3.7 Hits/cm®

® -> 0.4% occupancy in 300 x 300 umz pixels.

® The corresponding numbers at 5cm radius are
13.2 Hits/em2 -> 1.3% occupancy.

® This doesnt sound too bad. For. comparison,

SLD has about 40 Hits/cm?2 on the inner layer
of their CCD detector.

32



Radiation Dose in Silicon Vertex Detector

® Consider a silicon layer at a radius of 10 cm.
The dose due to non-ionizing energy loss can
be calculated from the MARS or GEANT results
(which give consistent results) taking into
account particle type, energy spectra, and fluxes.

O = q)p + q>n + 0'5¢u+ 0.1q>e +

* Ons0amey T 0010,

- 2 |
o - ¢N|EL = 240 per cm*per crossing.

MARS predictions for 1 year (= 10’ secs) of
operation:

L

2 x 2 TeV muon collider 7%10" cm

LHC at 10 cm 2s™(CMS) 8x 10" cm




Flux (1/cm2 per xing)

2x2 TeV mu+mu- detector (z=0)
MARS March 19, 1997
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First Muon Collider

® Some GEANT work has been done to calculate backgrounds at
a lower enerhy muon collider —> 250 x 250 GeV. This was before
the recent improvements to the final focus which led to an order
of magnitude reduction in backgrounds:

250 x 250 GeV -> 1.5 x 10° decays / m

o
o

o
W

particles/cm?/crossing

il B 1—ﬁ'—r'r'rr—*f—1—-

250 x 250 GeV

A
. o4

e neutrons

o electrons photons
SN
SRIN 0
° %0 ¢ protons
- A
W )
pions
A
Y
muons
11
et el Lda Lh..:_?, .
10 10

T'Yﬂ'ﬂj_—_"l—_|_ T

10
r(cm)

'|'T'l1' . o

® These background fluxes are comparable to those ¢omputed
for a 2 x 2 TeV collider .... so we anticipate that the hackgrounds

at a lower ener

y machine will be similar to those atthe 2 x 2 TeV

machine .... EXCEPT the Bethe-Heitier muon background which
is- much better. A more detailed calculation is being done at BNL.
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CMS
Compact Muon solenoidal Detector for LHC
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The Higgs > ZZ -> 4 Lepton Search
will YieldaS o
Resonant Signal in 1 year at LHC
Design Luminosity
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k — bb in mSUGRA

=500 GeV, m =500 GeV, A =0, tanf=2, p<@

M@ =124GeV Wik )= 1IT9GeV M, =852GeV
MOD = 27GeV MED=217GeV  M(h) =897 GeV
£, > 40 GeV

zajons, p "> GCeV, ™ <4S
2 0-jois , closst bb pair, M*™M < LTS

chrenlarity > 0.1

8) seminal CMS performance
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Maserial property Silicon GaAs  3CSiC 4H SiC  Diamond

“Bandgap (cV) T 1.43 23 32 33
Resistivity (Q2-cm) ~105  ~108 - -107 >10il
Breakdown field (V/cm) ~105  ~105 1.5x106 3x106 107
Electron mobility (cmzlv-s) 1350 6000 750 800 1800
Hole mobility (cm2/V-s) -480 ~400 40 115 1200
Saturation drift veiocity (cm/s) 107 107 2.5x107 2x107 2.2x107
Dielectric constant 1.9 13.1 - - 5.7
Cohesive energy (eV/atom) 4.63 - - - 7.37
Energy to create e-h pair (eV) 3.6 42 83 (estd) B8.3(estd)- 13

Ave. Ionized signal/100 um (# e°) 9200 13000 6400 (est'd.) 6400 (estd.) 3600

Table L Comparison of potential particle detector material propertics

91



SiC

- - - - - - - -
e S NS T o NS + 2 - g g .
H LW Y lﬁ“‘fuluin‘l.. o A .‘bﬂ... ; .'.pr f\.ﬁo -
R e R N A B Ly Ry o e T o 5

————y
SPRNOA R

M.RTARC



£6

A)

2.50E-04 [
2.00E-04
1.50E-04 |
1.00E-04 |
5.00E-05

0.00E+00 |

lllllllll

llllll

1 i

-5.00E-05
-150



- Peak Centroid versus Applied Voltage for

PN-Junction Diode L12-4
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Detector Count Rate, cps
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Calibration Function of SiC Detector
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Separation of Neutron and Gamma Signals
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