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Muon Performance Meeting - SSCL

March 26, 1993

Abstract:

Agenda, attendees, and presentations of the Muon Performance
Meeting held at the SSC Laboratory on March 26, 1993.



TO: Muon Performance Simulators
FROM: Frank Taylor/Mike Marx/Harvey Newman

SUBJECT: Draft Agenda for Muon Performance Meeting 3/26/93
DATE: 3/22/93

Time of Meeting: Friday 3/26/93 9:00 AM to 5:00 PM
Place of Meeting: SSCL - CCD Room

Purpose of Meeting:

Interested parties to discuss the performance simulations of the GEM Muon
System,

Draft Agenda:

——— v ——— ot

{0) General Remarks and Agenda Checkout: [Frank Taylor] 9:00-9:05

(1} Pattern Racognition Studies: [Roger McNeil convener] 9:05-10:30
o number of clean hits vs position, background type, etc.
¢ chamber counting rates and occupancy
¢ two track resolution

(2) Muon Momentum Resolution Studies: {(Larry Rosenscon convener} 10:30-12:00
0 GEANT studies
~ hit level Monte Carlo and reconstruction
o parametric studies
- eta and phi dependence (X0 budget, L-angle, etc.)
-~ raesolution with vertex constraing
- resolution with missing lst and 2nd SL, ete,
- resolution with central tracker
0 knowledge requirement of B-field
0 muon sign resolution (eta, phi dependence)

LUNCH

{3) Trigger Studies: [Maged Atiya convener] 13:00-14:30
¢ simulation of trigger hardware
- bend-plane-segmentation needed
-~ momentum threshold resolution vs Pt and eta
- timing resolution
- trigger element segmentation (theta and phi)
o accidental triggers from background

(4) Simulation of Physic Test Cases: [Renyuan Zhu convener] 14:30-16:00
o Higgs --> 4 mu resolution
- dependence on X0, calorimeter fluctuations, coverage
0 %' --> 2 mu resolution
- mass resolution and coverage
o Heavy quark physics
- t, b, ¢ etc.

(S) Discussion and Action Items: {[Group] 16:00-17:00
Note: It is the duty of the convener to put together what has been done on
the subject and to either give a summary talk or ask expert speakers

to make short presentations. Interested speakers are encouraged to
contact the conveners.
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MOMENTUM = ! 976:;;;; ) O rzo-ww.. 9 SL3 (%, %4 )
CHNAME, CHDETN = MUB1MCD1 . | J f

HTOT, HITS, NSL = 18 22 18 laveg
CHNAME, CHDETN = MUB2MCD2

NTOT, HITS, NSL = 35 18 17

CYNAME, CHDETN = MUB3MCD3

NTOT, HITS, NSL = 44 11 9

fitting starting point 382.6175537109375 5.28866577148438

177.699951171875 1.249999972060322E~03 1.331600919365882E-02

.4643188118934631 " IpaTial, Guars ‘
starting momentum B800.0000178813938% /{ e an
CONV COR, PLANI (3, JSTOP-1) DE AN LA
.37423E+03 .79832E+02 L17770E403
.37423E+03 .79832E+02 .17770E+03 [ h/c oot
number of preditions 1 Fc K. - B
plane 1 reached as 1 - R -
position = 6 ZEA ¢ Fen
.37619E+03 .80248E+02 .17863E+03 -
.37619E+03 .80249E+02 .17883E+03 (; € v 3 Asel ve L
ISEC,ISL,IPL,ICEL = 1 1 2 33& == pwifeve,
.37619E+03 .80249E+02 .17883E+03 s ) ?
.37615E+03 .80249E+02 .17E53E+03
number of preditions 1 _
plane 1 reached as 2 g1k
position -
.37864E+03 . 80770E+02 L1T7¢79E4+03
.37864E+03 .80772E+02 . 17879E+03 v

ISEC,ISL,IPL,ICEL = 1 1 3 33 G I DA

ZONV COR, PLANI (3,JSTOP-1) g ——ij
-37864E+03 .80772E+02 . 17979E+03 A.
.37864E+03 .80772E+02 .17¢79E+03

number of preditions 1 .

rlane 1 reached as 3 { _
position - /I” { # nc,k
.38157E+03 .81398E+02 .18118E+03 all ::E )
.38157E+03 .81398E+02 .18118E+03 y T
ISEC,ISL,IPL,ICEL = 1 1 4 34 &G /"-”- YarameTe,.
CONV COR, PLANI (3, JSTOP-1) el \/,} “
.38157E+03 . 81398E+02 .18118E+03 T
.38157E+03 . .81398E+02 .18113E+03 \
number of preditions 1 .
plane 1 .reached as 4 W
position - / TAT
.38353E+03 .81816E+02 .18211E+03 I Mpliaorcupih Tiew
.38353E+03 .81816E+02 .18211E+03 . /
ISEC,ISL,IPL,ICEL = 1 1 5 34 &— ol k ploaya J
CONV COR, PLANI(3,JSTOP-1) )
.38353E+03 .81816E+02 .18211E+03 Eil Tevw UV SIug
.38353E+03 .81816E+02 .18211E+03
number of preditions 1 C
plane 1 reached as 5 2 € AR C,
nosition -
.38646E+03 .B2442E+02 .18350E+03
.38646E+03 .82442E+402 .18350E403

ISEC,ISL,IPL,ICEL = 1 1 6 34 &
CONV COR, PLANI (3, JSTOP-1)
.38646E+03 - .B2442E402 .18350E+03
.38646E+03 .82442E4+02 .18350E403
number of preditions 1
rlane 1 reached as ¢

position -
.38890E+03 .82964E+02 .18456E+03
.38891E+03 .82964E+02 .18486E+03

ISEC,ISL,IPL,ICEL = 1 1 7 34 <—
CONV COR, PLANI (3, JSTOP-1)

93



.3883%0E+03 .82964E+02
.38891E+03 .82964E+02
number of preditions 1

plane 1 reached as 7
position -
.39135E+03 .83486E+02
.39135E+03 .83487E+02
Isec¢,ISL,IPL,ICEL = 1 1 8 35
CONV COR, PLANI(3,JSTOP-1)
.3913SE+03 .B3486E+02
.39135E+03 .83487E+02

number of preditions 1

rilane 1 reached as 8
position —
.60752E+403 .12955E+03
.60749E+03 .12971E+03 .
I1S£C, ISL, IPL,ICEL = 1 2 1 53 <<—
CONV COR, PLANI(3,JSTOP-1)
.60748E+03 .12971E+03
.60749E+03 .12971E+40

number of preditions 1 - -

plane 1 reached as 9
position ——

.60991E+03 .13023E+03
.60991E+03 .13023E403
ISZC,ISL,IPL,ICEL = 1 2 2 54 «€—

CONV COR, PLANI(3,JSTOP-1)
.600291E+03 .13023E+03
.60991E+03 .13023E+03

number of preditions 1

plane 1 reached as 10

oosition -
.61286E+03 .13086E+03
.61286E+03 .13086E+03

I5EC,ISL,IPL,ICEL = 1 2 3 54 €—

oKV COR, PLANI(3,JSTCP-1)
.61286E+03 .13086E+03
.61286E+03 .13086E+03

~amber of preditions 1

clzne 1 reached as 11

position _—
.61531E+03 .13138E+03
.61531E+03 .13139E403

iSEC,ISL,IPL,ICEL = 1 2 4 54 <—-

CONV COR, PLANI(3,JSTOP-1)
.61531E+403 .13139E+03
.61531E+03 .13139E+03

number of preditions 1

plane 1 reached as 12

position T
.61726E+03 .13180E+03
.61726E+03 .131B1E+03

ISZC,ISL,IPL,ICEL = 1 2 5 54 &«

CONV COR, PLANI (3, JSTOP-1)
.61726E+03 .13180E+03
.61726E+03 .13181E+03

number of preditions 1

nlane 1 reached as 13

nosition .-
.62020E+03 .13243E+403
.62020E+03 .13244E403

I5EC,ISL,IPL,ICEL = 1 2 6 55 <

ZONV COR, PLANI({3,JSTOP-1}
.62020E+03 13243403
.62020E+03 .13244E403

number of preditions 1

.1B8466E+03
.18466E+03

.18582E+03
.18582E+03

.1B382E+03
.18582E+03

.28843E+03

28844E+03.

.28844E+03
.28844E+03

.28959E+0Q3
.28959E+03

.28959E+03
.28959E+03

.29099E+03
.29099E+03

.29099E+03
.29099E+03

.29215E+403
.29215E+03

.29215E+4+03
.29215E+03

.29308E+03
.2930BE+03

.2930BE+03
.29308E+03

.29447E+03
.29447E+03

.29447E+03
.29447E+03

94



plane 1 reached as 14

vosition
.62264E+03 .13295E+03
.62264E+03 .13296E+03

ISEC,ISL,IPL,ICEL = 1 2 7 55

CONV COR, PLANI(3,JSTOP-1)
.62264E+03 . .13296E+03
.62264E4+03 +13296E+03

number of preditions 1

plane 1 reached as 15

position '
.62509E+03 .13348E+03
.62509E+03 .13348E+03

ISEC,ISL,IPL,ICEL =

CONV COR, PLANI (3,JSTQP-1)
.62509E+03 .13348E+03
.62509E+03 .13348E+03

number of prediticons 1

niane 1 reached as 16

~ogition -
.B84664E+03 .18074E+03
.B4659E+03 .18101E+03

TSEC,ISL,IPL,ICEL =

ZONV COR, PLANI(3,JSTOP-1)
.84659E+03 .18101E+03
.84659E+03 .18101E+03

number of preditions 1 .

vlane 1 reached as 17

position I :
.84903E+03 .18153E+03 LA0313E+03
.84903E+03 .18154E+03 .40313E+03

ISEC,ISL,IPL,ICEL = 1 3 2 75 &£&—

CONV COR, PLANI({3,JSTOP-1) !
.84903E+03 .18154E+03 .40313E+03
.84903E+03 .18154E+03 .40313E+03

number of preditions 1

vlzne 1 reached as 18

position =
.85099E+03 .18196E+03 .40406E+03
.85099E+03 .18196E+03 .404058E+03

ISEC,ISL,IPL,ICEL = 1 3 3 75 <&—

<ONV COR, PLANI(3,JSTOP~1)

.85099E+03 .18196E+03 .40406E+03
.85099E+03 .18196E+03 .40408E+03

number of preditions 1

olzne 1 reached as 19

s0sition —

.B5392E+03 .18259E+03 .40545E+03
.85392E403 .18259E+03 .40548E+03
ISEC,ISL,IPL,ICEL = 1 3 4 75
chi2s 1 3.26757421873052 48.64970878528408
3.670486149901313E-02

CONV COR, PLANI {3, JSTOP-1)

.37423E403 .79831E+Q2 .17770E+03
.37423E+03 .79832E+02 .17770E+03
number of preditions

plane 1 reached as (:5

position
.37619E4+03 .80249E402 .17863E+03
.37619E+03 .80249E+02 .17863E+03

ISEC,ISL,IPL,ICEL = 1 1 2 33 ’

CONV CCR, PLANI{3, JSTOP-1)

.37619E+03 .80249E+02 .17863E+03
.37619E+03 .80249E+02 .17863E+03

number of preditions 1
=lane 1 reached as 2

128 55—

131 74 <€—

.29564E+03
.29564E+03

.29564E+03
. 29564E+03

.29680E+03
.296B0E+03

.29680E+03
.29680E+03

.10197E+03

.40197E+03

.40197E+03
.401978+03

95

48.61300392378507



.84659E+03 .18101E+03
number of preditions 1
plane 1 reached as 17

position
.84903E+03 .18154E+03
.84903E+03 .18154E+03

ISEC,ISL,IPL,ICEL = 3 3 2 75
CONV COR, PLANI(3,JSTOP-1)
.84903E+03 .18154E+03
.84903E+03 .18154E+03
number of preditions 1
plane 1 reached as 18
position
.85099E+03 .18196E+03
.85099E+03 .18196E+03
I3EC,ISL,IPL,ICEL = 1 3 3 75
TONV COR, PLANI{3,JSTOP-1)
.B5099E+(3 .18196E+03
.B5099E+03 .18196E+03
aumber of preditions 1
wizne 1 reached as 19
position
.85392E+03 .1825%E+03
.85392E+03 .18259E+03
ISEC,ISL,IPL,ICEL = 1 3 4 75

.40197E+03

.40313E+03
.40313E+03

.40313E+03
.40313E+03

.40406E+03
.40406E+03

.40406E+03

.40406E+03

.40545E+03
.40546E+03

chi2s 2 9.244597170405058E~03 3.543555751199705E=02-
2.703868089453331E-02 8.396876617463728E~03
fitpoint 382.6175537109375 5.28825643706959 177.6994034117325

-1.0273266900; — 4 96224531E~02
fit momentum J-973.400194600588 _

+

.4643140320899077

,SOA

Event listing {summary)

I particle/jet KS KF orig
1 mu- 1 13 0
sum: -1.00

Ty, ICNT, IFMU = 1 1 1
“tOMENTUM = | OB71.2346 |
“HMAME, CHDETN = MUBLIMCD1

ITOT, BITS, NSL = 21 38 21
“HNAME, CHDETN = MUB2MCD2
HTOT, HITS, NSL = 40 24 19
SHMAME, CHDETN = MUB3MCD3
HTOT, HITS, NSL = 48 8 8

P_&®

902.506
202.506

P_Y

170.854
170.854

i
8

g

p_2 E

395.337 1000.000
395.337 1000.000

fitting starting point 382.6182556152343 -3,25254058837891
164.676025390625 1.249999972060322E-03 -9,253302583058876E-03

.4304171204566955

starting momentum 800.0000178813938

CONMV COR, PLANI({3,JSTOP-1)
.37590E+03 . 71455E+02
.37590E+03 .71455E+02

number of preditions 1

plane 1 reached as 1

position
.37836E+03 . 71920E+02
.37836E+03 .71924E+02

ISEC, ISL,IPL,ICEL = 1 1 2 30

~ONV COR, PLANI ({3, JSTOP-1)
.37836E+03 .71924E+Q2
.37836E403 .11924E402

rumber of preditions 1

nlane 1 reached as 2

nosition

.16468E+03
.16468E+03

.16575E+03
.16575E+03

.16575E+03
.16575E+03

96
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500 Gev 45, v¢9 Fl4ucr(5Li)) 1004 hes, S04 LAyer Res 25% 3/.Xq
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Muon Pt = 20 GeV
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Muon Pt =20 GeV
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Muon Pt = 100 GeV
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Muon Pt = 500 GeV
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Muon Pt = 20 GeV
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Muon Pt = 100 GeV
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Muon Pt = 500 GeV

600 —
400
200
| %
7 \L :
0 7 % I [ l_d
490 500 510
all theta

119



dp/Pp LOW MOMENTUM RESOLUTION
INCLUDING ENERGY LOSS FLUCTUATIONS coh Rel/f
p.0Bf A O (s
Y
0_07. (',I\[‘/ '{()D(;-e(/
e O |8 (':r
0.06 0 XS/ £00
0.05} e
1
1 .l . " .
0.04} Vg ) "
90 deg.
0.03¢ 70 deg. PRI
EB'aggd‘
p.02} )
0.01
o 50 100 150 200 350 300 350 TONENTUN {GeV/
dp/P LOW MOMENTUM RESOLUTIO
o.08 WITHOUT ENEROY LOSS: PLUCTOATIONS
0.07}
0.061
0.051
v.o4}
0.03¢ 90 deg.
70 deg.
t.021 30 Sggfk
g.o1t -
0 _ — , . . . v
50 100 150 200 250 300 5 oMOMENTUM (GeV/
Fig. 4.3.1a

120



GEM Muon System?

Renyuan Zhu
Caltech

GEM Muon Performance Meeting

March 26, 1993

s Unique Physics Role;

i G PR RO UK R O R IR0 < e T o SRR L o R ap e R St e QR IRT v LIRS
D I A B 4 y 1oL T mE 2 L

e GEM versus SDC: worse in two ends:

e Low End Solution:

REDUCE MATERIALIN THE MIDDLE LAYER!!!
REDUCE MATERIALIN CENTRAL TRACKER!!!

¢ High Energy Solution:
Understand better the SDC system.
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Muon Physics |

e High Luminosity = Handle Surprises; E

o H— ptu~uTu~ and ete~ptu— searches:

— Coverage (|n], 2.5), Dynamical range (p; > 5 |
GeV) and 1% resolution at low p (< 100 GeV); "

* Distinguish SM Higgs from SUSY:

— SUSY Higgs is narrow: < 3 GeV, comparing *3
with 10 GeV from SM, for 300 GeV Higgs, i.e.
0.4 to 1.2% mass resolution.

— Need resolution from both etectron and muon
channel in the middie p range (100—1000 GeV).

Zr=S LT LT Searches:

— Mass peak is much better in electron channel;

e Z! Asymmetry, WW strong scattering:
— Need resolution at high p (> 1 'Tev).

e Muon in jets:
- b tagging: inclusive muon;

~ CP vialation with B, or Bg —J/¥KS,
Looking one inclusive y, a pair of u and 7ta—

& i iy "‘ES{




B

RSP R
il

SUSY Higgs I'(H) (GeV)

£
o
o
&
0 .



Higgs (140 GeV) to 4 Muon
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Higgs (140 GeV) to 4 Muon
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GEM versus SDC

¢ Muon Resolution:

p) (GeV) 1 10 30 100 400 1000 2000
SDC (%) 025 04 1.1 19 52 10(7) 147?)
GEM (%) 35(CT) 2 2 2 42 10 20 )

e Low momentum end: o(My)

My (GeV) SDC (GeV) GEM (GeV)
140 () 0.8 1.6 (now)

e High momentum end: asz/MZ'

My (GeV) SDC (%) GEM (%)
800/4000 (e) 0.7 0.35
800 (p) 3.2 3

4000 () 9.5(7) 14
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FIG. 3-17. The invariant mass reconstructed by the Slzz)C tracking system for ZZ° decaying to four leptons
for a Higgs mass of 140 GeV. The plots contain gvents which have been passed throngh a detailed
simulation of the tracking system, and contain the effe¢ts of material in the tracking volume, which severely
degrades the performance for electrons due to the induced bremsstrahlung. (a) the mass distribution for
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‘the 4e final state. (b) the mass distribution for the 4;: final state.
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For the SDC baseline detector, in the lnnem fic region relevant for H — Z2Z* decays, the parametrized

\:&%w;sm

~ tracking resolution is significantly better than the calorimeter resolution. For Mg, = 140 GeV, the

four-muon mass resolution is almost identical to éhat of the four-electron mass measured vnth the, trackmg :
sysi.egl Ed is 0.8 GeV. The four-electron mass; ;xesolut:on measured with the eter i for
thé same Higgs mass. For the muon final statef, it is possible to take full advantage of this resolution.
However, for final states with electrons, the pgrametric resolution is degraded by the passage of the
~electrons through the material in the tracking $olume and the subsequent induced bremsstrahlung. A

~ detailed simulation, described in Chapter 4, an(j summarized in Fig. 3-17, indicates the severity of the

effect. For the calorlmete: =ven at a p; of 10 GV, the bremsstrahlung photon and the original electron
will almest always lie wit. 10 em of each othef, and henc: - imcluded in the 2 x 2 cell array used to
retongvract the energy (aiih -:gh the track will n?longex poi:. wtly to the centroid of the energy cluster
i shy calorimeter). Thy:  » calorimeter energy measurer. largely immune to the bremsstrahlung

sffuite vhirh domradas 41 1l v fo———— fr mmantld SR L LTI R I y
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Bhysics-ond idetector-requirernents §‘@i€;

Table 3-16
A summary of the propert:uofanumberofd:ﬂ'u:nt mode]sforanewaosou(allmthecom
of a general Eq model). A new Z with the Standard Model couplings to quarks and leptoas is also
included for reference. The widths are in GeV, and the production cross sections are in pb, induding
only events within +T" of the peak, and not including any efficiency or acceptance factors. The cross
section includes the expected branching ratio to the e*e~ final state, assuming that the new Z decays

only to Standard Model particles.
~(M L') Property cosa = —0.6 PA Z, Z, SM Couplings
* { I'(M =800 GeV) 8.5 5.0 4.2 9.2 2i.4
| I'(M = 4000 GeV) 423 25.2 21.0 46.2 106.9
D 2-07) /G(M = 800 GeV) 2.1 1.2 1.1 2.4 43
. © o(M = 4000 GeV) 0.004 0.0032 0.0027 0.0051 0.010
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FIG. 3-75. The cross section do/dM for the production of an £ £ pair for perfect resolution (dotted), the

SDC resolution for electron pairs {solid), and the SDC resolution for muon pairs {dashed), as a function

of the lepton pair invariant mass. The background is from the continuum production of lepbon pairs

{Drell-Yan). {a) The peak corresponds to a Z, with a mass of 800 GeV. (b) The peak corresponds to &

new Z with cosa = —0.6 and a mass of 800 GeV.
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| Design Parameters {or e &
Momentum Resolution

(measurement limited) -

at low momenta 4plp-2104%, e rV oy 3..?2*

(multiple scattering limited)

PR | U
-l -

Vertex Resolution 5 : )
along beam direction 5z ~1 mm 3 t
impact paramelter &b ~ 30 um i

|

above 10 GeV/c

-
]
| -
B® = gt gt p o, gt p~ jetjet | X X X
Gluino Pair Prod §g — e*et, utet - X[X|x|[x]|X]|x
Techni eta gy — b4+ 5 or t 41 x| [x X ~
WW Scattering WEWE — etet,utet | X (X[ x| x| X} . ;
2t — ete” Asymmetry X Xlx
B Physics, e.g. B — ¥, ctc. X *
Top Physics t = W + §, et X X Xlx
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Muon Momentum Measurement

DPrec = Pu + AL

Oprec = Opu @ 6(AE)
o 5prec/prec = 1%: 5P,u/prec and 5(AE)/prec < 1%;

— Real AF has narrow width and a Landau tail;

— Use calculated mean energy toss instead of mea-
sured AFE when AFEmeas < kAEm.p., reducing
effects from noise, ca!onmeter resotution aund

— Calculated mean energy loss is a function of k&
and the dE/dx distribution;

— Contribution of AF to 140 GeV Higgs mass
- width is 700 MeV, corresponding to 1% in

6(AE)/Prec
® 6pu/Drec should be improved from 2% to 1%:.
- Reduce material in the middle layer'
- Combme with CT: Improve CT s‘_‘low.p resohu-
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Conclusion

e The intrinsic muon chamber resolution is 2% at
low p, while dE/dx contribution to Higgs mass of
140 GeV corresponds to 1%.

e The dE/dx contribution can be further reduced
by finding a function which deconvolutes the mea-
sured dE/dx spectrum to the real dE/dx.

e The constant term of GEM muon measurement
thus is entirely dominated by the chamber itself.

SO MY L.lerm is caused b: _meis in
the mlddle Iayer of muon system, i.e. average 0%

Xo according to Torre.

e Solution:
“— REDUCE MATERIAL IN THE MIDDLE

LAYER!!!
Get rid of overlap;

— Combining muon with CT. However, CT has

3.5% constant term:
REDUCE MATERIAL IN CENTRAL TRACKERM

e




