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PHYSICAL REVIEW D
Natural conservation laws for neutral currents* 3 z " n
—

-_—— e
Sheidon L. Glashow and Steven Weinberg
Lyman Laboratory of Physies, Hervard Unri Cambridge. M h o138

(Received 20 August 1976)
We explore the of the ption that the direct and induced weak neutral currents in an
SUR)® U(i) gauge theory conserve ofi quark Navors natwrally, i.c., for all values of the parameters of the
theory. This requires that all quarks of ¢ given charge and helicity must have the same values of wesk 7, and

T2 1f all quarks have charge +2/3 o —1/) the only acceptsble theories are the “standard™ snd “pure
vector™ models, or their gencralizations to eix or more quarks. In addition, there are severe constraints on the
bosons, which apparently cannot be satisfied in pure vector moder VTGTENINE, <),

model of this sort

vation in direct or induced neutral currents

ings of Hi

is described. The experi | q of charm
are found to be guite dramatic.
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scalar sector) is possibly very complex and may require several types of collidlers | Consider-

Gasy N":“"'
T LK

o [f the low-mass Higgs has m > 130 GeV. MSSM is not allowed.
L]

. lfm>2w&V.MmmmmmMMMh“qnm
high energy and from the stabitity of the vacuum.

¢ Hm <130 GeV, MSSM is possibly ok. but we may expect other particles (H, A), and the width of the low . iy
mass Higgs may change. -------------------------------- -

¢ The scalar sector may be extremely complex, requiring pp (LHC) and u*js” colliders (and possibly NLC and
vY colliders). - S

v

—
« In high energy collisions, vector states are allowed unless a special method is used. Consider p*u" colliders
with polarized p*:

"y <
224 TeV 2% production ia scalars

This cannot be doe for pp or £” ¢ colliders.

(100-500) GeV - scalws (H. A, ..) W'W

& o A pu'y collider is complimentary 1o the LHC/CMS detector.

-
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Figure 2: Total decay widlh T in GeV and theSnain branching ratios BR(H}) of the
Standard Model Higgs decay channels, using the inputs of Tab. 2.
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Fig. 1. The first coscept of a Higgs factory p°n’ collider from the Napa Workshop. !
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Table 6. Examples of the scan for the Higgs at different mass. “ S o WW-
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Known position withia | GeV. For each scan poist, & 50 is 10 be observed. g T 1
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1soe T 1 b [
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Figure 3: Bra¥ching ratios of the MSSM Higgs bosons h, A(a), H(b),
| decay widths T'(®)(c), using the inputs of Tab. 2.
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my, from Oy, at 161 GeV
7. Vs = 161.33 £0.05 GeV
g Oy = 3.69 +0.45 pb
W-Boson Mass [GeV] Z 6 my, = 80.40 02 Gev
‘g LEP Average
pp-colliders 80.37 £ 0.10 § s
LEP2 80.38 + 0.14 § 4f
Average(world) 80.37 £ 0.08 § 3 [
y*fOoF: 0.0/ 1
2
LEP1/SLD 80.323 £ 0.042 ‘ :
07679580 805 8T 815 82
800 802 804 808 808 my, (GeV)
m,, [GeV]
P e i g LEPr o S 77 iy

9

Figure 3: WW cross section at /7 = 161.3 GeV as a function of W mass. The band
represents the experimental measurement.
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Summary of sinzgrf‘
Effective Electroweak Mixing Angle
sin®ol' = 1/4 (1 - (@, / g
A —e] 0.23102 £ 0.00056
A, —=—  0.23228 £0.00081
A, —s—— 0.23243 £0.00093
AP —4—  0.23237 £0.00043
AY* -———j—-—-— : 0.2315 £ 0.0011
Q> o " 02322400010
Average(LEPL . |-\ ©  0.23199+0.00028
AsLo) T —e ' 0.23055 £ 0.00041
8 7 average(gpisloy 4y | g2st152:0.00028
~ '
107 i L conclusion .2
—_ : small M, .. SLAC ALR
% . w * " L
(O] 'Qov’c "'H '..EP q‘&
X ’_1' -
E , W 1/ 128,696 £0.090
10 “ ‘ 7:;5%- 0.118 £0.003
. DM 1758 £ 5.5 GeV
0.23 0.232 0.234 0.236
sin%e'SF"
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- Lm,) M ALt Hu&,\  — | / Combining real and virtual Higgs boson
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Within the framework of the standard. model we observe that there is

a significant dimbmn the W asym-

metry measurengpl sod the Lipiifomuiaciataichatefor Higes boson

gw F.’* C“” m“ S ”: + ”‘ 4 production. Using methods inspired by the Particle Data Group we ex-
% -§6 plore the possible effect on fits of the Higgs boson mass. In each case

the central value and the 88 increase sig-
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drawing conclusions about the Hi boson mass from the existing data.
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Table 1. Values for ain’O:?,"" from asymmetry measurements{1] with 1
experimental errors. The corresponding Higgs boson masses, the 95% CL
. and lower limits, and the confidence level for my < 77 GeV are given for

measurement. U ——

sin?0F*>" (10) my (GeV) my;, m§, P(< 77GeV)
Acr | 023055 (41) 16 3, 80 0.95
Abp | 0.23236 (43) 520 100, 2700 0.03
ALy | 0.23102 (56) 40 5, 290 0.7] oum
A, | 0.23228 (81) 440 30, 6700 0.14
A, | 0.23243(93) 590 28, 13000 0.14
Qes | 0.23220 (100) 380 14, 10000 0.21
Asp | 0.23140 (111) 83 2, 3000 0.48 omm
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direct information about the nature of the particie and the undertying theory. Three simpie examples can be cited:

1. w.mmmuwd@uoav. This could either be the Standard Meodel (SM)
I-liusochSSMHiw. Aw.d&evmd&emmwuﬁm.
However, the SM width is S McV - a formidable measurement! .

2. Suppose a Higgs-like particle is discovered with a mass of 150 GeV. This is presumably beyond the MSSM
bound, bt it could be an NMSSM or an SM Higgs. A measurement of the width could presumably resolve the
issue.

3. Suppose a Higgs-like particle of mass 165 GeV is discovered. This is presumably even beyond the NMSSM
: [ e
lirnits. If this is an SM Higgs. can we learn more by the study of the rare decay modes? /
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SM Higgs searcn at Lnyu

i) mass range explorable at 7s =14 TeV E
with 3-10* pb! taken at 1033 cm2s-1
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12 PHYSICS PERFORMANCE

Signal significance for H — 4 charged leptoz:lfz:: ;\2:2130, 150,170 GeV at 105pb~! without lepton
isolation. —
my =130GeV | mpy =150GeV | my =170GeV tt Zbb y 4
Events in my £ 20y 41.7 108.3 29.3 4.8/GeV | 0.97/GeV |1.8/GeV
Significance 6.1 12.1 4.1
Table 12.4b
Signal significance for H — 4 muons for myy =130, 150, 170 GeV at 2 x 105pb-! with muon isolation.
my =130GeV | mu=150GeV | my =170 GeV tt Zbb zz:
Events in my £ 20y 313 74. 20.3 0.9/GeV | 0.3/GeV |1.3/GeV
Significance 7.4 15.2 5.0

1216 H — ZZ — 4 Charged Leptons q , ”

The H -+ ZZ —» 4 I* channel is sensitive, even with only 10%pb-!, over a wide mass range, from 2mz up
to about 400 GeV [19]. The main background is non-resonant ZZ production. For my < 300 GeV, the natural
width of the Higgs is small (e.g. ['y = 1.5 GeV for my = 200 GeV), and a good four-lepton mass resolution will
facilitate an early observation.

For the ZZ continuum background, the q§ — ZZ subprocess was simulated. The gg —+ ZZ
contribution was accounted for by multiplying the qq —» ZZ cross-section by a factor of 1.33 [20}. No k-factors
were included for the signal or background

Internal bremsstrahlung was included using PHOTOS. The fraction of Zs falling outside the
(mz + 6) GeV window, due to the internal bremsstrahlung alone, is 12% for Z < e*e~ and 7% for Z — p*p-. To
account for external bremsstrahlung, a full GEANT simulation of the r to electrons was performed (17
and electron energies were measured in the calorimeter, as discussed in Sect. 11.4. The muon momenta wer
smeared according to parametrized resolutions obtained from a full GEANT simulation {18]. Wit}
my = 300 GeV, the Z mass resolution in the Gai peak region for Z —» e*e” events is 2.2 GeV, and fo:
Z — p*u- events, 2.1 GeV. In calculating the expected number of events, a reconstruction efficiency of 95% pe
lepton was included. No lepton isolation cuts were applied as the tt background is negligible.

tion cuts g5g thy s for th Yy 1. Al = the overali
(n and p,) 4-lepton acce i e elecigant 55%, an «| H = 600 GeV.
the acceptances are 77% spectively. “Two e* e~ or 1* u~ pairs with an inv t mass consistent with a

Z were required. The Z mass window is large, (mz £ 6) GeV, since there are n re critically
affected by the two-lepton mass cut. Due t@bremsstrahlungassed momentum resolution, = 40% of the events are
kﬁ% ica

The p; and 1

lost due to this cut (see Sect. 11.4). A more , using the fine granularity of the ECAL, could
allow the recovery of a fraction of the radial € future.
Bjgugpp—ti-ti—aho he expected 4-lep

higw theucthe ex)
barkground. The event rates shown aré
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Fig. 12.11: The four-lepton mass distributions for H — ZZ — 4/* superimposed on the ZZ continuum
background for my; = 300 and 2 x 104 pb'! and for myy = 300, 500 and 600 GeV with 102 gle=t

lhe crystal calorimeter was assumed to have an energy resolution given by
AE/E = 2%/ VE ®0.5% ® 0.200/E in the barrel and AE/E = 5%/ VE ®0.5% ® 0.200/F in the endcap, where
there is a preshower detector. At high luminosity, a barrel pre-shower detector covers inl < 1.1, resulting in a
resolution of AE/E = 5%/ VE ©0.5%® 0.200/E and an ability to measure the photon direction
aa =40 mrad/ VE in this region. For more details concerning both the { RESEETIY
breakdown of the mass resolution, see Sect. 4.1.

ith resolution
pns and the

The background to the H — yy signal may be divided into three categoffy

¢ prompt diphoton production from quark annihilation and gluon fusion d 1agrams, which gives an
irreducible background, :

* prompt 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 or 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 Vs = 16 TeV, Myap = 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 n® 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 GeV. Figure i OT FYEgPRtoa-TrHosH b ploal
Q +

{e gB1o ITOSTtY- U1 4 &4

€ SITU AT
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Fig. 12.4: Background-subtracted 2y mass plot for
3 x 104 pb™! with signals at m = 90, 110, 130 and

tg. 12.3: Background-subtracted 2y mass plot for
150 GeV, in the

105 pb! with signals at my; = 90, 110, 130 and
150 GeV, in the PbWOy calorimeter.

Figures 12.5 and 12.6 show contours giving the cross-section times branching ratio required to give
specified signal signiﬁcances(Ns / yNg }. as a function of mass. The significances were calculated by counting
events within a mass window of optimum width, corresponding to the width containing about 75% of the
signal. After a single year of running at 10¥ cm-2s-1 (168 pb“, Fig. 12.5), an SM Higgs could be discovered
across the full range 85 to 150 GeV. After only 3 x 10% pb~! (Fig. 12.6), taken at low luminosity, an SM Higgs
could be discovered between 95 and 150 GeV.
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Significance contours for MSSM Higgs bosons H W - Vn (Tson
Wum AR " Totht Qute * /: “J ~l$°“(
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Reglons of the MSSM parameter space (m,. tgf})
explorable through various SUSY Higgs channels”

L L
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h H-w-h.ﬂ «22',2Z+40 £ ;hHA ppfor 105 pb-!..
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, P . g o
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0 r s = 14 TeV

- h< 22 4

VS = 190 GeV ]
Fig. 2. Higgs-factory p *w collider concept. The Higgs is discovered at LHC (CMS) and the width further
_ reduced at the NLC or at a p*y” collider. The final stage is to scan for the Hi a the p"p’ collider. Existing models
: can be distinguished by their widths. {Adapted from Ref. 12 (BBGH = Barger} Berger, Gunion, Han) and Ref. _ly
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In mg,my; space :
@ m =500 GeV, m =500 GeV, A 0, saf=2, n<co
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HIGGS BOSON MASS/PHYSICS

DIscuss .

o How LIKELY IS A HIGGS BosoN
To EXIST ?

® How LIKELY 1S 1T 70 HAVE
A PARTICULAR Mmass ?

o SEVERAL HIGGS gosons?! MASSES.?
. OReovcTioN ? DECAYS ¢

eWHEN IS K LIkELY To BE
VETECTED :szcnv?

o WHAT WILL BE KNOWN ABoOT K
BeFoRe MC 7

C.KANE, AC T2
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-HIGGS PHYSICS -- TECHNICALLY OK,
CONCEPTVAL MySTERY

VERY DIFFICOLT JO0 CONSTRUCT
ALTERNAT\VES 7o HiceSs MECHANISM,
IN ORDER TO GIVE MASSES 70
GAUGE BOSoNS ;ﬁ___l_g FERMIONS

AND HAVE RENOAMALIZAG LE THEORY

HICGS PHYSIcS ORIGIN CENTLAL
PROBLEM OF STANPARY MOADEL

o HIGES PHYsICS POINTS WhAY TO How
TO EXTEAD SM, SIWCE sm) ALOME

IS NOT STRELE To RADIATIVE CORRECTINU,
NOR CAN THE EW SYMMETRY BE BROKEN INTERMILLY

¢ CURRENTLY STitL (BARELY) CONCEINABLE
THAT NY RIGES Ooacon EXISTS



HOw LIKELy 1s A* 7

» THERE |S GOOD EVIDENCE THAT
BREAKING OF EW SYMMETRY /S
PERTUR BATIVE , AND GOQOD EV/DENCE
THAT WNATURE |s SOPERSymMMETRIC

~-UNIFICATION OF GAUGE

i COVPLINGS —-THEY CHANGE AS
& GO 7D SMALLER DISTANCES BECAUSE
,_’q‘a

N OF SUPER PARTNERS s LooPS

—~—~AGREEMENT OF PRECIS/ION
MEASUREMENTS WITH S/V--SUsy

ONLY ENTERS THROUGH LOOPS SO EFFECTS

SmAaLl

—~—PERTURBATIVE DERWATION OF
HGGS MECHANMISM ——M, < ©

BECAVSE OF TOPLooP IF M)

*IF SUSY, THEN h EXISTS

e,
LAII;GE

gt?—/——"

N,
7 EREVE
m@
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o ANALYSIS OF LEP zM7A ¥
= M = /0Dt GV

UL PARTICLES ARE SomeTimes <Com@uwATIoNS of
ALl OTHERS ~-QROPERTIES OF VIRTUAL PARTICLES

AFFECT REHAVIOR OofF OQSERVIED ONES —- LAMBG
SHFT ~1(943, Z‘oﬂ QuARK AT LEP J9¢

A
W + ’?"’Oi’wz
.=%> S (otserviasies) OGM + 033 ﬂ“(m“/mzﬂ

=9 VERY LiKELYy k° &EXISTS

-=MAYBE DoN'T BET YouR HOXE
oN IT, BUT SURELY DoN'T RET
AGAINST |T (WHEN PLAMVING

NCE KNow 1 ENSTS, CAN CoNSTRAIN MAce



M,

s EXPERIMENTAL  CONSTRAINT
o~ o0

== WILL IMPROVE A LITTLE —~~ COUPLE OF
THEORET | CAL CORRECTIONS, THEN ALl
Wittt BF [NCLUDED THAT Couvld MAVE

AN EFFECT ~ EXPERIMNENTAL SENSITIVITY
-~ SoME QEvisioN OF PRECIS(oN
MEASUREMENTS W PRO GREST —-- RETTER
My ACCURAC Y —-BETTER UNDERSTAIDWIG OF g

e THEORETI <AL CONSTRAINTS--DEPE ON ¢

& WHICH THEORY—SM, MSSM, GENERAL SUSY, X

~= SM OFTEN USED AS TdY MODEL , 76 ALIGRATE
DETECTORS, BUT UNLIKELY 70 DECCRIGE NATVRE
BEcAUSE OF HIERARCHY PROBLE) —— SemE
EXTEN S10N OF S/m NEEDED, USURLLY AFFECTS
HIGGS S£cToR
AWHETHER THEORY IS PERTURBATIVE UP T0

~ WIF SCALE, OR INSTERD NEWN STRONGLY

INTERACTING PHYSICS APPEARS AT Llaver

SCALES —-EVIDENCE FOR PERTURBATIVITY,

PoW'T RET AGAINST IT IN PLANNING

&N SM., STABIL)TY OF VACUON)
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ConsIDER SM  ( V=ple™s "‘P", X~y
——ASSUME PERTURBATIVE To R10‘sV

130 ¢ M, £ 190 GV

=5

cUPPER LIMIT —=IF m, Too LARGE THEN
A LARGER AT SCALF Ay —- ThHeN
AS EZXTRAPOLATE A TO HIGH ScaLE T

Btows vP

e LOWER LIMIT —— A HAs TOP LOOP ——

CAN GO NEGATIVE b b

o ? i‘ \.L

S0 WORLD DoES NoT STy N STABLE NN
-—(F My, TOO SMALL THEN A STARTS SMALL™=
A~ O AS COES NECATIVE S0 PERTUR BATIVE,
CALCULAGIR —— BVT POTENTIAL oNLY GAVGE
INARIANT AT EXTREMA, So INTRINSIC
UNCERTAINTY

JoTE —= /N SPI, My WOT CALCVLARE ~= DEPENDS ON A=
A NOT MEALOREABE (OTSI1DE OF HGss SEC 7R



MSSM - |2 EXISTS

£ Mo £ /30 GV

ME_Cof-‘lp ti -(,"h "'fv"\g.,..

e rme?

TReE LEVEL
LOOP CORRECTIoNS

== NOTE ~~IF fuup ~1 Thew CrYpn0 ~~1IF "‘z'%"’: THeN Il ) 22 0

TTANO VACwrm  STAGQILITY (OWER BOUND - —
RUNMNING OF ) GETS CoNTRIQUTIONS FrRem
TP AND STOPS —=— THEY APPROYMATELY
CANCEL ~— POTENT/IAL ALWAYS STABLE

THEORY WITH SM PARTICLES AND
THEIR SOPERPAR TAIEAS SM SU(3)xSUC)x
VE) SYMMRTRY, 2 HIGES DOVBLETS —-
GENERAL SOFT susy @REMem ¢)

fossm =

NOTE == /N SUSY, 7l CAICULDBLE IV Teams OF
PAEAMETERS THAT coN BF MEASURED OUTSIDE
E
THE W1665 SEcToR ( Fan P T, Mg -)
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GENERAL SUSY

-~ ANY HIGGS SECTOR  ANY SUSY
BREARING, NO ASSUMPTIONS BUT
PERTUR BAT NTY

=P Mo £ /150 GV

PRESENTLY X -@

N s e L

(X

M;; £ M; cos2p + gs—ﬁ':co:‘o,,, Sin‘tp)
t 3
+ ()M G Mg/,
EXTRA TERM BOUNIED [FALL COovPLNGS
PERTURBATIVE -~ QoUND CALCULARLE
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X

» IF NO SUSY, MAYBE NO K ~- No MoDEL
OR UNDERSTAND /NG OF WHAT 76 ExpecT
—-— MAYVBE GAVGSE BosoNs /NTERACT
STRONGLY, IF So mAy or may woT RE
ORSERVABLE —— mAYRE ToP /INTERACTS

STRONG LY -— IF WW WTERACT STRONGLY,
Counp BE ABove ~8& Tev

e INTERESTING APPROACH -- Jim WELLS

—~~MAYBE TOP GETs PART OF MASS FRom
NORMAL RHIGGS MECHANISH PART FRom
CONDENSATE DVE To (HEW) STRONG INTERACTION
-~ AlSo GET SCALAR (€ BoUNDP STATE) ——
SCALAR MAY OR mpy NoT MiXx with W —-
PROPERTIES OF "h'" can @E VERY IIFRRENT
~=CAN HAVE REDUCED CovpLinG To Z,W--
CovpLINGSs 70 bl <cAN BE SmALLER —-VERY
DIFFERBNT PRODVCTION CROSY SECTIONS

(COUTLING To iy~ CAN BE MUCH SMALLER)

SO

UNLESS BEING mMmISLEAD kY
8OoTH DATA AND T‘Heoﬂyl AND

GAUGE COUPLING ONIFICATION TUST
UNLVEKRY ACCIDEN 1‘,

Mo £ 15D (10) G

AND
PROGARLY ™Me < /30 GV

* ALSO — -~ THERE ARE SOME HINTS
THAT fampga Mz g M,

Lo

% m/..v < /oo &V




ONCE K FOUND —- woulD LIKE To
CONFIRM) CONSISTEAT WITH SUSY

¢SN) —— ONE DoURLET OF COMPLEX
FIELDS (;f) —> 4 REAL STATES,
3 BEcome WE, , Z,.. =1 PwaL

Goson

eSUSY —=TNO COMPLEX DOUBLETS —8 REAL
STATES —= STItL 3 LRECOME Wi.ss,

szc =D & Pysicht BOSONS
l‘o, ﬂ: Ho[ ”!
—— POSTIBLY AIDIITONAL STATES

——ONLY ONE COMBUATION GIVES /AT
TO W, 2 -~ mase EiceNsTATES LR
Com@BiNA TIONS - So ALt ',')cc BfoaNg

*ONLY SURE WAY To TELL IS To DETECT
ADIITIONAL STATES RYH® H*

*Possiaey <an swow 14 o 3(VDK)/9GBn)
DIFFERRNT Fpom ™

*PROBABLY Mye < sm Lower LMT

* PROBABLY PRECISE MEASURE MENT OF MY
NOT DEFIMTIVE Sswce CALCUATION OF
Mio HAS SCALE, SCHEME DEPENDENCE
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WHEN wite k® PRoBABLY BE DETECTED]

WHAT WILtL 8F MEASVRED ?
.LEP Q* z' 2
'y YN
S$M

~= SEARCH FoR m&.‘ < 100 GeV 8)22000
—-=MEASVRE (22 k) 9 (hLT)

--0BSERVE DEcAY 7O bl owmlLy
=~=SOME PRODVUCTION, DECAY DISTRIQUTIONS

cFNAL 1 a2 ~WF -
- . T~ ?_.fb
1 \ 7

*h

9 ¢
~=-h O~
s::D' ¢

~-USE w2 TRIGGER, OR T's
W25 h= Ib)
w(=Jp h(>TR
Z (+v3 1) h(247)
Z(2)i) h(>T®

=D 08sERvE bl IF M < 120 [Wl+25) k]
M, £ 125 [au moder)
(STILL SomEWMT ConTROVERSIAL)
~—SUSY SITUATIoN UNDER STUDY - COULD BE SAME

~—CoUPLINGS CHANGE ~=IF G REDUcED THEN M)
NOT Too LARGE SE€ h+A —> 4T 4T, L 1%

GOV, HAV MREM!
MARCIALL, STAIEE Witeidex| sy
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NOTE -- AT FNAL, 87 200€ EXPecT WHAT MIGHT PREVENT DETECT/oN AT LET, FANL!
n*(p- AL
2 §0 Fi' (2 Derecroes) esin(p-«) << So Zzh Wwh smaLL
~= PROBAGLY [°+A® ok AT FNVAL,

= N sois CERTAINLY OK AT MNLC(Y00)

W,2 mass From Db =(3-i3,W );,

=3 ONCE mMASS MEASURED , CAN FERMIsn MASS FRom (3 D)
DETECT @R (TT), BR (¥¥)~iG™ ZHee
BR (yW~dyom? ()

SO SINGLETS UNCOJPLED FRom ZV,
FERMIONS —~ QUT CcAN MmiIx N WAVE

® CAN TRY FoR Q(¢th), 9lczh) PUNCTIONS OF minse EICENTIATES
T OTURX) g (£TR) ,:D"" (Like srERiE »)

~= BUT OK N PRINCIVLE ~— MVST SET

~—BR(W » l\tM-") & BR (CZ)PW(‘\\"'RRM éhv mw,:, reampos “—IF e MABINEY
' et s € NEXT STATE SATSFIES

~ (VT H?) QQP"% & SINGLET, THEN NEX
P gawd m < 15D GV, AND 1T caw
TT TR ~ 90T R)  Dieor, Rereo e AL '¢"  gE-pROJUCED —= MOT AT L€P OR

FNAL, OK AT NLC(¥00) — —
PRESYMARLY O AT HEMC

* WELLS SCeNARIO




CONCLUDE

«PRO@ABLY k® EXISTS

*Mso %150 GV

*PROBAGLY M. < 130 GV

*SOME INDIATION Me < I GV
*PROBABLY > 75000 K° PRODVCED

AT FrvaL , gg (¥¥, pom ) Derecred

*HEAVY HIGGS QasoNs ? —— cuance FoR
A* AT FIVAL

oLHc?-- PRADUCE L0TS OF A:H', HE

~~DETECTIoN ? —- HARD To SAY
UNTIL KNOW SPARTICLE
MASSES , SINCE QR (SPARTICLES)
IS LARGE IF Alvow ep
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Background hits and occupancy at 50x50 TeV
Assume 2 bunches of 10'24's each for hits, 4 x 102 for occupancy

For silicon vertex assume 300x300 micron? pads

rad photons neutrons charged Hits Occup  Occup

(em) (/em?)  (/cm?) (/ nh:uv (/cm?) all charged

5 13 0.03 17 6.1 % 1.4 %
10 33 0.04 0.6 4 1.4 % 02 %
15 1.4 0.07 0.14 1.6 0.6 % 0.05 %
20 0.8 0.1 0.10 1.0 0.4 % 0.04 %
50 0.1 0.03 0.065 0.2 007% 0.02%
100 0.03 0.02 0.005 006 0.02% 0.002 %
150 0.01 0.01 0.02 0.04 0.014% 0.007 %

Radial Fluences at 50x50 GeV

particles/cm?/crossing for two bunches of 10124's each

radius  photons neutrons protons pions electrons muons

(cm)

5 4300 32 3.8 0.15

10 1100 36 , 0.24 0.3 0.07

15 480 75 - 0.11 0.03

20 270 98 0.09 0.007
50 40 37 0.05 0.015 0.0004
100 9 18 0.005 0.0002
150 4 9 0.02 21e-5
muon .24e-6

threshold 40 40 10 10
keV keV MeV MeV
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Radiation damage by neutrons on silicon detectors
assume 1000 loops , 15 Hz , 1 year = 107 seconds
acceptable hits per year = 1.5 101

c.m. p's/bunch neutrons/cm*/crossing Hits/year Lifetime

Tev 10+ above 100 Kev 10% years
4 2 100 3. 5
5 4 50 3. 5
1 4 30 1.8 8
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BEAM HALO VS BEAM DECAYS IN ptu~
COLLIDERS:

EFFECT ON DETECTOR AND MACHINE DESIGNS

by N. Mokhov

AL Drozhdin, C.J. Johnstone. N.V. NMokhov
Fermilab

A. Garren

LBNL

N. Mokhov, Fermilab
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Beam halo handling
Extraction of 2 TeV halo

Extraction and collimation at 50 GeV

e Beam loss and backgrounds

Protection of lattice components

e Conclusion

N. Mokhov, Fermilab
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Figure 1: General view of the muon collider beam collimation system.
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Figure 2: Halo cleaning scheme.
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. 50 X 50 GeV ptp~ Collider Beam Collimation
e A System*

18408

A. L. Drozhdin, C. Johnstone, N. V. Mokhov

tes07

10406 Fermi National Accelerator Laboratory

100000 P.0. Boz 500, Batavia, Illinois 60510
I l | A. Garren

Lawrence Berkeley National Laboratory

Particle loss, p/(m.cycie}

4000
. Berkeley, CA 94720
December 8, 1997
16+10 T T - ,Pam fength. m o
‘logele.dat® —

g 1 Abstract
.| Summary of studies is presented towards the possibility of beam halo collimation in
H the 50 X 50 GeV u*p- collider using absorbers or electrostatic deflector for scrapping
é 10406 the circulating beam. It is shown based on Monte-Carlo simulations that traditional
& scheme with 5m long steel absorber permits to suppress losses in the IP by three order

100000 [ ' I \ l I l of magnitude, to 0.07% of the scraped beam.

4500 5000 5500 6000 6500 7000 7500 8000

2 Introduction

The halo originated background in the detector arise from muons which come to the
aperture restrictions of the collider. In proton and electron accelerators particles which
are lost away from the interaction region do not produce considerable background in

4500 5000 5500 6000 6500 ’ »
Pamlengiom TP 800 the detector as they can be intercepted locally. High-energy muons can traverse several
Figure 16: B L o tens meters of lattice or shielding. Therefore, muons lost from the beam anywhere along
8 * Beam loss at collimation. the collider are candidates for background production in the detector. Muons which

induce electromagnetic or hadronic showers either upstream or inside of the detector

=Presented at the International Conference on Physics Potential and Development of u*p~ Col-
liders. San Francisco, California, December 10-12, 1997
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Second electrostatic deflector wire do not interact
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Figure 4: Different schemes of muon collider beam collimation.
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Figure 5: Symmetric electrostatic deflectors cross section.

Figure 6: Symmetric Lambertson and septum-magnet cross section.
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Figure 10: Halo phase plane at the Lambertson magnet entrance in the symmetric
scheme.

Figure 11: Halo phase plane at the the Lambertson magnet exit in the symmetric
scheme.
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Figure 16: Beam loss at collisions with halo extraction (top) and halo dumping at in-
ternal absorber (bottom). One percent of the beam intensity is collimated at collisions.
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50 GeV/c muon beam halo loss in dipoles (1/3 of peak rate)
Scraping with 5-m absorbers at 3.3x10" wbunch MARS/STRUCT Dec. 97
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CONCLUSION
e Beam cleaning system is a mandatory in muon colliders

e At 2 TeV, extraction of beam halo reduces loss rate in IR by
three orders of magnitude; efficiency of an absorber-based
system is much much lower

e At 50 GeV, a five meter long steel absorber does an excellent
job, eliminating halo-induced backgrounds in detectors

o At 50 GeV, a 4-cm tungsten liner or a design with iron/coils
completely separated on the mid-plane are needed to protect
SC magnets against both beam halo (locally!) and beam decays

. Y,

N. Mokhov, Fermilab
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Determining the energy scale
of the 50 GeV First Muon
Collider using g-2 precession

Rajendran Raja,Alvin Tollestrup
Fermilab

Workshop on Physics at the First Muon
Collider and Front end of the FMC ,

November 6-9, 1997

Format of talk

Describe g-2 method.
Planar ideal accelerator

Explore fractional error in measurement
Lorentz factor &y/y of muon as a function
of number of electrons sampled and
polarization.

Explore variation of 8y/y as a function of
momentum spread 6p/p of muons

Examine effects of departures from ideal
case.

Assume that a)Polarized muons can be
delivered to the collider ring and b)The
polarization can be adequately maintained
for 1000 turns.




Bargmann-Michel-Telegdi
equation

B _ox§
dr

Q=5 ((+ay)B_+(1+a)B, —(ay +-1-)[¥x—E-)
my 1+y c

Q=Q_(+ay)

cye

a=(g-2)/2

B_,B; are the components of magnetic field
perpendicular and parallel particle direction

This equation controls the evolution of the spin vector
S’ . Polarization is the average of the spin vectors over
the muon ensemble. Per revolution spin rotates by

aY2™ radians more than momentum

Definitions

In the muon rest frame, E is the energy
of the electron. Its fractional energy

expressed in terms of the maximum
energy (m,/2) is X. N is the number
of muon decays. 0 is the angle of the
electron in the muon center of mass

w.r.t muon direction. <E> is the
average electron energy and <PL>
is the average longitudinal electron
momentum in the muon rest frame.

P is the z component of the muon
polarization along the muon
direction. Pis charge*P of the muon.
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Electron energy

distribution
x=2E/ m,
72
dN =N(x2(3—-2x)—sz(l-ZX)COSO)
dxdcosO
m, ¢ d’N 7 m
E>=—t dxdcos@ LY
< 2N ¢ dxdcosO 10 2
m, d’N P m
P >=—t 0 ————dxdcos =—
<fz 2N ¢ HeoS dxdcosB 10

M
2

494

Decay distributions
7 A
<E,, >=2—0Eu(l+%P)

“Ne* (£ a+B.p
E@)=Ne™ - E, (1+-(Peosar +4)))

-2
W=Y—721
¥ 2

o = tcirc — znm

'Ytllf(’ O 3B Ctlzf()
f(®)=Ae™(Ccos(D+Er)+F)

<E ;> is the average electron energy in lab. E(t) is the
total electron energy during turn t. Determine @ to
get Y. Y information also present in .

f(t) is the fitting function. MINUIT used to fit and
extract information.




Electron energy and angle distributions in

muon rest frame Variation in Spin vectors
Polarization = -1.0 and 1.0

19/08/97 14.24

The electron energy sampled depends
only on p which the average of the
z component of the individual spin
vectors. If all the muons had the
same momentum, then the variation
of the individual spin vectors is
unimportant. Only the average
matters. However, op/p is non-zero
and the individual spins precess
slightly differently turn to turn and a
dilution in polarization results. We
generate Pas a binomial distribution
about a given average.
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Polarization vs turn for
various dp/p
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Idealized collider ring
model

In order to simulate the decays, we assume an idealized
planar collider ring made up of 4.0 Tesla average
bending field. This results in the following

parameters.
Muon Energy =50 GeV
Lorentz factor vy = 473.22
Spin precession per turn = 3.4667 radians
Magnetic field = 4 Tesla
Ring Radius = 41.667 meters
Circulation time = 0.873E-6 sec
Dilated muon life time 0.104E-2 sec
Turn by turn decay constant 0. = 0.8399E-3
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Generation of decays

We generate an ensemble of 100K muons with
appropriate spin and momentum vectors, precess
them and decay them for 1000 turns. The
measurement errors are added later as appropriate.

The 100K ensemble of muons represent the beam and
are re-used every turn, after precessing. Each
individual muon is precessed by the appropriate
amount determined by its individual y. After each
turn, the number of muons is reduced by the
amount expected by exponential decay. No
fluctuations in this are made at this point.

We will generate muons with 8p/p=0.03E-2 for most of
the study and then will explore the dependence of
the results on 3p/p.

We will explore the effect of measurement errors due
to sampling fluctuations in the number of electrons.

We will explore the accuracy obtainable in §y/y
from measuring o, the turn by turn decay constant.
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Electron lab energy spectrum Explanation of previous plot

Pol=1.0, 100K decays
The variation of the total lab electron
s s 29/08/97 13.42 . . .
x 10 x 10 energy seen in a calorimeter will
2000 p

3ra00 [l 1800 | depend on the electron energy cut
Beoo M 31600 [ .
E1400 [ '- 21400 | (®) made. Figure (d) has no electron

1200 1200 F

1000 1000 i_ Electron energy 1025 GeV energy Cut. FOI‘ 100 tumS, weE

800 800 E . .

600 (a) 600 \ compare the predictions of the

400 400 F .

200 [ Electron energy 0-10CeV | 200 £ | theory with the generated events.

0 bbbl 0 b L .

,030 200 400 600 800 1000 .0 200 400 600 80O 1000 Excellent agreement. The amphtude
52000 2000 § of the oscillations depend on the
31800 81900 H . .

21600 © 1800 | polarization as well as the average
21400 21700
“1200 E. Electron energy 25-50 eV [*1600 | value of cos 0 sampled. A cut on lab
1000 [kt 1500 ¢ . .
soo M 1400 electron energy imposes a selection
600  fHHAT o | 1300
400 B 200 on cos 0. Electron energy 10-25GeV
200 1100
0 1000 ok ! —_
0 200 400 GOtO 800 b1000 0 20 40 6? 80 b100 for 50 GeV muons SampleS COos 9 _O’

i.e. 90 degrees in muon rest frame.



Measurement errors Measurement errors
For total energy E, N electrons and average
We need an EM calorimeter that measures individual electron energy <e>,
total energy deposited per bunch from turn for a calorimeter with Constant Sampling and
to turn. In addition, it would also be useful Noise terms (C,S,n)
to have the number of particles going into the fractional resolution in E is given by

the calorimeter. This can be done by
having a scintillating fiber front end to the

2 2 2 2
calorimeter that measures mips. This can Or z_l_(] +_2£_5)+C2 L R 2“ :
lead to two sets of measurements. Total <E> N <e> N<e> N'<e>
Electron energy and average electron
energy. For 50 GeV muons, <e>=34.05 GeV,

We would also like to make cuts on the
momenta of elctrons being summed over.
This can be done by a spectrometer in front
of the calorimeter. With such a device,

o, =6.046 GeV. For calorimeter,

S=0.15GeV 12 and n may be neglected for
large N. If C=0, then

we can show that...
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Measurement errors

o,
< E >?

- ;] (1+0.03153 +0.000661 )

Neglecting sampling term,

o2  1.03153
<E> N
PERR=0.5E-2, 1.0E-2, 2.0E-2, 3.0E-2

imply, N=41261, 10315, 2579 and 1146
electrons sampled with e>25 GeV.

For a beam intensity of 10!2 muons,
there are 3.2E6 decays per meter.

Constant term has to be of order 0.32E-2
for100,000 electrons sampled.

PERR * =

500

Measurement errors,
using average energy

If the number of electrons as well as their
total energy is measured, then one can use
the average energy. Average energy has
lower percentage error, since the error due
to the fluctuations in N are removed.

O | Gl . 0.03153
< Eav > < N> <e>?"" N

2

The other advantage of using average energy
is that one does not have to model the
intensity decay function.



Fit to 50 GeV W, P=0.26 SY/y vs measurement error
dp/p=0.03E-2 and Polarization dp/p=0.03E-2
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Table of fit parameters

P PERR | Number of electrons| §v/vyoscillations| &y/ydecay | x? for NDF=1000

sampled I
-0.90; 0.50E-02 41261 0.14568E-05 0.13227E-02 824.
-0.90) 0.10E-01 10315 0.22147E-05 0.20124E-02 936.
-0.90{ 0.20E-01 2579 0.39999E-05 0.36398E-02 1009.
-0.90] 0.30E-01 1146 0.58659E-05 0.53457E-02 1030.
-0.74] 0.50E-02 41261 0.17418E-05 0.13019E-02 843.
-0.74| 0.10E-01 10315 0.26183E-05 0.19591E-02 954,
-0.74}  0.20E-01 2579 0.46981E-05 0.35229E-02 1021.
-0.74] 0.30E-01 1146 0.68765E-05 0.51672E-02 1039.
‘ -0.50; 0.50E-02 41261 0.25903E-05 0.12813E-02 888.
-0.50( 0.10E-01 10315 0.38407E-05 0.19029E-02 973.
-0.50; 0.20E-01 2579 0.68338E-05 0.33972E-02 1026.
-0.50| 0.30E-01 1146 0.99744E-05 0.49749E-02 1041.
-0.26] 0.50E-02 41261 0.51242E-05 0.12688E-02 898.
-0.26] 0.10E-01 10315 0.75317E-05 0.18791E-02 1004.
-0.26f 0.20E-01 2579 0.13324E-04 0.33447E-02 1053.
-0.26] 0.30E-01 1146 0.19380E-04 0.48950E-02 1061.

e e e e e T

B e e ———

TABLE L. Results of fits for §v/~ as a function of polarization P and noise PERR. Also shown

is the x? of the fit for 1000 turns.
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Fits for 80 GeV/c and 90
GeV/c muon momenta

Oscillations as a function of momentum 11/09/97 16.59

x 103 x 103
T 2600 2600 |
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2200 s 2200 §
2000 2000 |
1800 80 Gev 1800 |
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2000
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0 10 20 30 40 50 0 10 20 30 40 580
turn number Turn number
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F(t)

Fits for 90.622 GeV/c and
91.2 GeV/c muon momenta

11/09/97 17.00
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Fits for 100 GeV/c and
110 GeV/c muon momenta

11/09/97 17.00
Osciliations as a function of momentum /08/

x 103
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3000 |
Iyl 2800
”‘ ‘ 2600 F
W 2400 F
2200 |

A W W

0 10 20 30 40 50 0 10 20 30 40 50
Turn number
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F

F(t)

Fits for 120 GeV/c and

130 GeV/c muon momentaq
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Fit for 175 GeV/c muon oYy vs muon beam
momenta | momentum

11/09/97 17.00 11/09/97 16.58
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Polarization vs turn for oY/y vs oplp for 50 GeVic
various op/p Ww. Perr=.5e-2 P=.26

23/11/97 19.40 157 11/09/97 16.25
o 0.3 Ideal ring polarizetion vs 8p/pz ~ 0.52
c ~
o &
a «© i
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8 i
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L [ ]
OY/y vs electron energy cut a)Variation of C/F vs electron
Jor a sample of 40K and 1.1K energy cut
electrons b)fraction of electrons that
16 22/09/97 1649 survive cut
{; 0.1 15/09/97 17.37
<
0.09 | w 02
[ O Average energy 1146 electrons < 0.18 E‘
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Departures from ideal Departures from ideal
case case

 Electric fields. Collider ring will have RF
but electrostatic separators are not
envisaged at present. BMT equation tells

« Correction elements may be
neglected. These effects are less for

that that longitudinal electric fields have no the muon collider than for LEP
spin precession effect since FxE=0 because a)LEP has more
« Effects of radial magnetic fields quadrupoles b)Muon is 200 times
» Quadrupole misalignments. FODO heavier than electron.

» Quad radial magnetic field followed by
Horizontal dipole bend followed by

R . Machine Spin tune #{ Quadrupolesi RMS Kig| o v 5
reverse quad radial field has a net N
effect. (Assmann and Koutchouk LEP) 46 GeV LEP 100.47 ~ 600 0.032 | 0.5E-3| 5.7E-6 8.1E-5
= 3KeV | = 30KeV
v 0 = 'Y (g - 2) / 2 50 GeV Muon Collider 0.5817 70 0.274 0.5E-3| -0.26E-8 1.66E-8
cot TV ) 2 2 2 = -0.24KeV| = 1.46KeV
L' a’v >= 'Vg'(nQ(K]Q) 0‘\' +n‘,v0 96‘.) e
8n TABLE 1. Predictions for spin tune shift §» and spread in spin tune shift o4, caused by
< 8'\’ > quadrupoles for LEP compared to the 50 GeV muon collider ring

(o) =
M cos mV



Effects due to Experimental area
solenoid

» Consider a solenoid 1.5 Tesla- 6

meters long = 9Tesla -meters.

=-— (+a)B, =—(1+a) 2
ym, Bp

VvV +dV = larccos(cos (v ) cos( %—))
T

0 is the angle of rotation due to solenoid.
For 9 Tesla-meters, this is 3.09 degrees per
turn. This yields év/v =-1.72 MeV. LEP
will have 200 times less effect, since the
tune is 200 times larger. LEP corrects with
vertical bumps and horizontal bends. 200
times harder to do for muons. Bucking
solenoids optimal.
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COSY studies

COSY- Infinity has spin precession in it as
well as higher order effects. Differential
algebra techniques. Usin current 50 GeV
design (C. Johnstone, W. Wan)

3 cases
» emittance = 297 T mm-mr, 8p/p=0.0025E-2
» emittance=85 ® mm-mr, op/p =
0.02E-2
» emittance=40 T mm-mr, op/p=0.02E-
2

Spin tune studied as a function of 5 variables

» X=X position; x’ = p,/p

» y = vertical position; y’ = p,/p

» K= 0 kinetic energy/nominal kinetic energy
Spin tune is then given by v = 0.5517
+0.5915k - 64,61x2 - 0.1017x°2 -69.81y2-
0.1088y’2-8.341xk - 0.3921k2 to second
order
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Cosy Studies Polarization of 1000 muons vs turn
number in COSY

» Track 1000 muons in COSY with
e polarization of 0.25 and emittance

22/11/97 18.43

COSY tracking muons with emittance modelled

o 03
and op/p modelled for the three s
cascs. g 0% K v 8p/p = 0.02E~2 Emittance = 407 mm—mr
« Conclude that the non-linear T * 9p/p = 0.02E-2 Emitiance = 85r mm-m
. . . 02 F » 3p/p = 0.0025E-2 Emittonce = 2977 mm-~mr
aperture causes polarization loss for HE
large emittances rather tha ‘é; .
momentum spread. Need to optimize :
design. o1 |
0.05 ~—
oh.n”t..nlu..l....l..ul ............ | I S

0 100 200 300 400 500 600 700 800 900 1000

Turn



Conclusions

e We have shown that IF

» it is possible to deliver polarized muons
to the ring

» and that it is possible maintain the
polarization for 1000 turns
 g-2 precession can be used to obtain
precisions of the order of a few parts
per million in the energy of the
bunches.

 This is true for a range of Op/pthat
covers the two options considered
here.

» Method can be used to scan a narrow
Higgs, Measure the W mass etc...
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DETECTORS AND BACKGROUND
Dec.11, 1997

M.Atac,FNAL/UCLA .
@ Since muons decay, background levels at a muon

TRACKING CONCEPTS OF HIGH LUMINOSITY collider are expected to be high.

MUON COLLIDERS .
® Understanding the backgrounds levels and how

OUTLINE these backg,rounds affect the performance of a
____________ strawman detector is a crucial part of assessing

the leasibility of doing physics at a muon collider.
1. FINAL FOCUS DESIGN AND COMPUTED BACKGROUNDS

2. SHIELDING FOR NEUTRONS AND GAMMAS ® Therefore, within the muon collider collaboration,

3. GENERAL PURPOSE STRAWMAN DETECTOR CONCEPTS there has been a significant effort devoted to:

(i) ”('\I;_,llln;_ the final focus to minimize backgrounds
in the detector,

(ii) Understanding the remaining backgrounds in
the detector, and identifving the critical

a. VERTEX TRACKING
b. INNER TRACKING

c. OUTER TRACKING

d-EM AND HADRON CALORIMETERS background-related detector issucs.
e. MUON CHAMBERS
(iii) Developing a feasible strawman detector and
4. CONCLUSION assessing its performance in the predicted
backgrounds.

Fermilab people (M. \tac, \. Bross. 'L, Dichl, S. Goar,
C. Johnstonc, Pebrun, N, Mokhov, R, Rajendran,

A Tollestrup) in collaboration with BNL people

(D. Benary, S. Kahn, D. Lissauer, M. Murtagh, F. I'aige,
V. Polychronakos, P. Rehak, I. Stumer, V. Tchernatine),

and R. Roser (Univ. Illinois).




Number of Lecays
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Trajectories

2 x 2 TeV Muon Collider

12
® 2x 10 “muons/bunch

® 2x 105 decays / m

® Mean decay electron
energy = 700 GeV

Electron decay angles
are O(10) microradians.

Therefore, in the final
focus section, decay
electrons tend to stay
in the beampipe until
they see the final focus
Quad fields etc.
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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 results yet.

e Beam-Beam Interactions:

Believed to be small compared with other backgrounds
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MARS Calculation

::Jasl?:il I: ﬁgmewhat different shielding configuration than the GEANT Shlcldmg C onﬁguration Implcmcntcd

in GEANT Background Calculation

FRACK: K

NDCA

- A

[RERRY

= A

2

QUAD Polyboron

EHIELDING CONFIGURATION J

100 muon decays Results from Final Focus Optimization |
e by N. Mokhov and C. Johnstone.

st E 50 aperture
40 collimators/drifts ~
* + Four 15 m Dipoles (8.5T) 6.5m :




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 103 B s
c
= R
0 A
€ 10° oot
neutrons
= t
& © electrons photons
O .
S 10
o AR ©
o ~1 % 00 % protons
=10 o
8_ A pions
-3 th
10
muons
t1
10——5 peaal ‘ ||::||:l2| ...»...!3]
10 10 10

r(cm)

® These background fluxes are comparable to those computed
for a2 x 2 TeV collider .... so we anticipate that the backgrounds
at a lower energy machine will be similar to those at the 2 x 2 TeV
machine .... EXCEPT the Bethe-Heitler muon background which
is much better. A more detailed calculation is being done at BNL.
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SARARARRARAAARARARAR | SRS SRR I 0 3T 1 30 20 3 e w20 's o
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SNNOENNRNRRIRNNNNN :§\\\\\\\\\\\\\\\\§‘ Hit DerISIty in a Vertex Detector
N SN NN A N NRRRNNRRNNRRNNNN
AN NRANIRLNNANNAN Y ANNEERERRRIRRNNNY
SIOMNNMMMNINNN EIITIRN NI

(2227727 2L T 22 77227)

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

avno @ mo1 /

3 v yd Ll Ll 7277 VTV TTTITIIETS Lk - 2
S N N 750 photons/cm? -> 2.3 Hits/cm
[e] R o0
P
2 N . 2
T N N 110 neutrons/cm? -> 0.1 Hits/cm
2 - ; {NN
> I\‘\ | 5 E \ - 2
R INN AN 1.3 charged tracksicm® -> 1.3 Hits/cm
m 3 :
& P INNHXE AN
5 ; INIM . 2
s o [N THE = N ™ TOTAL 3.7 Hits/cm
g \ . CZ) % : Q &}1
NRESH Nl &
<IN RSERES 10 | %4 9
by Tt? = : : ® > 0.4% occupancy in 300 x 300 [Im” pixels.
KOG (NI
: qN
NE M NR ® The corresponding numbers at 5cm radius are
><,§ wol | \ea NN 13.2 Hits/cm2 -> 1.3% occupancy.
< . ¢
~ S\ B i ® This doesnt sound too bad. For comparison,
// Vi -~ SLD has about 40 Hits/cm?2 on the inner layer
e gl 5 XX § of their CCD detector.
oo (P rsessesrsssssss
g5 6 3 b
40 3 I FZEZEEEE | ST E
Px U \\\\\\\§§§\§§§Q\\\ P OIRAINNNRNNNRNNNY
I NN I NN
Q o Qil\\\\\\\\\\\\\\\ \ttx\\\\\\\\\\\\\Q
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PAVEL REWAK

Radiation Dose in Silicon Vertex Detector

® Consider a silicon layer at a radius of 10 cm. S'\\mm Dr'\{-\- De'\'ec.\‘or ( SDD)
The dose due to non-ionizing encrgy loss can
be calculated from the MARS or GEANT results
(which give consistent resuilts) taking into <] nt p+ p+ p+t p+
account particle type, energy spectra, and fluxes. P ~d P
Z
~d /
= ).5 : =
O (])p + o + ( q)“+ 0.1 (|)e + | ,
Wl L) U] ! Couy (L evAL
00 ooy + 0010, : ; cEaam
1 M 1, 4
p+ + p+ +, p+ g
o - ¢N'EL = 240 per cm?per crossing. P e

y ExRuovt (Ot

QEIWEEN QLA W ¢ RoSSINGS

= Few NRon
MARS predictions for 1 year (= 10’ secs) of fESoLation wm DRET DrRECTION
operation: » WITH 50 um x 300 um DETECTORS £ 6 LAYERS
N = 2 x 10" CuANNEL S
2 x 2 TeV muon collider 7x10" cm

LHC at 10* cm 2s™'(CMS)

1 2 » EAM 2c ps CLeAR (¢ N TRIGGER
8x10"° cm A Y

ABLRT BEAWMS
I TRIGGER 4 TAke

e mS (R) TC REA® cut DEVICE
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Steve Geer
Jay Chapman

Pixel Microtelescope

Type inversion in Si-microstrip detectors occur around

13 @ Most of the background hits in a silicon vertex detector
a4 Nuene 2 L . .
a fuence of 10 Jem™. To colleet the charge we need to close to the muon collider IP arise from very low energy

, . (~ 1 MeV) photon interactions.
increase the bias voltage from 300V 1o 200-300 v for

a 300 micron thick detector . This would make the @® At Snowmass we thought of a possible way of screening out

. ) these background hits to facilitate:
Sio dritt chamber unusable in high fluences.

® Getting the first layer at the smallest viable radius

@ Developing a track trigger

Clock two layers
out at variable
clock speed (to

103 ‘ T T . 1 maintain pointing)
and take coincidence.
e R I IR
0 I
\E/ 101 + 1 MeV/c ) —
5 -
= 100 AR NN -
o)
a Blind to soft photon
T g9} B=4T hits and blind to
3 tracks that dont come
@ /e from IP.
98 0.5 GeV/c ]
1GeV/c Pt cutoff and charge
, , , , determination at the
7 3 =3 i 0 1 2 3 "hit" level.

X Position (mm)




Detector Count Rate, cps

Material property Silicon GaAs 3C SiC 4H SiC  Diamond
“Bandgap (eV) 1.1 .43 23 3.2 3.5
Resistivity ((-cm) ~105  ~108 - ~-107 >1011
Breakdown field (V/em) ~105 ~105 1.5x106 3x106 107
Electron mobility (cm2/V-s) 1350 6000 750 800 1800
Hole mobility (cm2/V-s) ~480 ~400 40 115 1200
Saturation drift velocity (cm/s) 107 107 2.5x107 2x107 2.2x107
Dielectric constant 11.9 13.1 - - 5.7
Cohesive energy (eV/atom) 4.63 - - - 137
Energy to create e-h pair (eV) 3.6 42 8.3 (estd) 8.3 (est'd) 13

Ave. Ionized signal/100 pm (# &) 9200 13000 6400 (estd.) 6400 (estd.) 3600

Table L Comparison of potential particle detector material properties

Calibration Function of SiC Detector
Flux Range: 1E4 -3E10 n em?s?
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Outer Tracker

SiC

Option 1: Silicon strips or large pixels

He + 10% CF,

Option 2: TPC
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Performance of the Large Scale TPC System

] TOP VU
in the Heavy Ion Experiment NA49 © IEW

o ¥ \Airol« slice wvound  beewu

S. Wenig
CERN

for the NA4Y Collaboration

Athens - LBNL - Birmingham - Bratislava - Budapest - CERN -
GSI - UCD - Dubna - IKF - Krakow - UCLA - Marburg - MPI -
Yale - Seattle - Warsaw - Zagreb

- ~ 4200 Hracks i toted

- &00- 600 {racks per TPC
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PHOTON AND HADRON DETECTION
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Cerenkov light cone




Quartz Fibre VF

Light is generated by Cerenkov effect

» 01 fast and sensitive to relativistic charged particles
$ of insensitive to low energy n's, slow hadrons,
3 ‘j " induced radioactivity
0.1 F ! narower and shorter hadronic showers
02 : predominantly sensitive to e.m. component
30
03 ¢ I y
04 W Choose configuration
05 ; in which fibres run
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06 "0 15 e s 30 incident particles
b, ns s
0
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Vertex Originated Muon

/

3
3
N

PC Copper

N

PC Pads

S/

Field Shapeing
Wire and
Sense Wire
Alternate

- Reed Pads only

- t coordinate provides Z , pads provide r-phi coordinate

- Pipeline readout and majority coincidence can eliminate background tracks and
accepts vertex originated muons

- Wires are there to provide avalanche

HAVE NO FEAR
DETECTOR
TECHNOLOGIES ARE NEAR

M. Atac

Bacground Muon



