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GEM DETECTOR
DESIGN PRINCIPLES:

Explore The New Physics With gcgwmwﬁosv
Multiphoton, Lepton + Jet, Fr Signatures

Across A Wide Range of Physics Scenarios

o High-Precision EM Calorimetry; Excellent e/vy ID
With Tracker and Hadron Calorimeter

¢ Precision Muon ID and Measurement:

Open Large Volume Spectrometer, Behind
Hermetic Calorimeters and Shielding

* Good Resolution for Jets and Fr

¢ Robust Calorimetric, Muon and Tracker
Measurements To £ = 103




GEM’'s PHYSICS GOALS

HAVE GUIDED THE DESIGN PRINCIPLES
and MAJOR TECHNICAL CHOICES
FROM THE QUTSET

¢ EM RESOLUTION REQUIREMENTS
Stochastic (6 — 8%/VE) AND Systematic (< 0.4%)

Terms Set By the Discovery Potential For

.o

H? — 47, EI_O — ZZ* — ete~ete™, Z' — ete~ _7'.;

o PHOTON POINTING and ANGULAR RESOLUTION
g¢ = (40 — 50)/vE + 0.5 mrad:

For Clean ID and Measurement of H® — yv, Z' — ete~;
" Event Vertex Determination at £ = 1034

¢ CALORIMETER SEGMENTATION
Precision Measurement of EM Processes;
Rejection of Hadronic Backgrounds;
Clean Isolation of e, u,v (With Tracker)

e HIGH MUON MOMENTUM RESOLUTION

For All | n]< 2.5
Detect Z' — p*u~ H® — p*u~utu~ With High Efficiency

e FORWARD CALORIMETER COVERAGE :
To | 7 |~.5: Fr Signatures for H® — ¢*¢~v© and SUSY

e COMPACT CENTRAL TRACKER RESOLUTION
v/Jet,e/y Separation For H? — vv;

Vertex Determination For H? — vy, Z' — ete;
pr Resolution For §§j — ¢*¢* + X in e~Channel

e ADEQUATE SHIELDING: LOW n,y FLUX
Low Muon Chamber Occupancies To £ = 10%




GEM’S STRENGTHS:
PHYSICS CAPABILITY

e NEW PHYSICS: Clean, High Resolution
Lepton and Photon Measurements

o Higgs Detection Over The Full Range:
Low Mass: HY — ~, lyy; (X6 0%0;
High Mass: H® — ¢t~ ¢+0~; ¢t0-j4, 040 v
¢ Quick Discovery of Top;
Charged Higgs in t — H*b; H* — 7tv
® Squarks, Gluinos Up To the TeV Range: Jets, Fr;
Isolated Lepton Veto for tt; Like-Sign Dileptons
e Quark Substructure To A = 25 TeV: Jets| By

7' to 8 TeV: Z' — ete~ Width;
Z' = ptp~ F-B Asymmetry At £ = 10%

¢ Quark-Lepton Compositeness to A = 30-35 TeV:
g — p'p~ F-B Asymmetry At £ = 10%
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GEM TRIGGER:

ISOLATED EM CLUSTERS, JETS,

MUONS, MISSING E

Name Definition Thresholds
* E: EM cluster with Er > £ GeV Eg, E16, E50, Egg
’ in 0.16 x 0.16, isolated in both
EM and HAD calorimeters. -
* M Muon mt;ﬁ;‘pq: >z GeV. Mo, Mag, M3, My
« J: Jet cluster with Ep > z GeV . J16, JIs0, Js0, J200
in 0.48 x 0.48.
2 Missing energy 1 > z GeV £s0, £100
- summing whole calorimeter.

Process Mass Trigger Effidency
H — 4y 80 GeV 2F16 V Esg 78.7%
H— vy 140 GeV 2F16 V Esg 94.7%
ttH — yytX 80 GeV 2E:6 94.4%
H— et 140GeV 2My0V2Ess 81.8%
H— et gte 400 GeV 2MioV2Es6 99.8%
H— ¢t 55 % 800GeV  2MjqV2E5s 99.9%
tf — LvbX S~ 140 GeV Esqg vV M3g -75.3%
g9 500 GeV  3Jgo A Fia0 99.9%
W — ev —  Eig N FEso 15.8%
W — pv —_— Mo A Fso 48.7%
Z — ee —_ 2F¢ 80.3%
Z — pp — 2Mi0 86.9%




MUON SAGITTA TRIGGER
RATE VS. Py CUT

@
:l r riiiad { 1T U ] LI I L t t 1 1T ] 1] E
10 3 - a=
N - 3
;
L] - - - -
E '1,5"& - = -
5k -
a
= 1021 —
[ = 3
5 = 3
@ L ]
B Intrinsic . rate |
0 & 3
ENEEYE NN E RIS A
10 ;20 30 40 50
py (GeV)
®
104 _l 1 I L I [ LR I L l L IR DL I ] l_
- Endcap ]
o 10% =
N - -
z = 3
o " n
@ N B
&
£ 19 3
a - - ,
] -
Q d - -
- _ A
L=
g
10 E =
- Intrinsic p rate 3
- -
1 [ | | I | l L1 1 [ | W . ‘ {21 1 | 1
10 20 30 40 50
p, threshold (GeV)

TIP-04206



GEM MUON SPECTROMETER
PRECISE, ROBUST DESIGN

e QUIET ENVIRONMENT
— 11 - 16+ A Calorimeter: Punch Through
Well Below Real Muon Rate (7, K, c,b)

— Compact Close-In FCAL + Shield:
Low n,v Flux

— Air Gaps for. Associated EM Showers: High
Eﬂ'ic1encyjpr Multi-TeV Muon Reconstructlon

e HIGH RESOLUTION
— Apt/pr = 5% (11.5%) (Baseline)

At n=0 (2.5), for pr = 0.5 TeV

— Charge Determination: To 6-15 TeV (Baseline);
To 13-22 TeV With 200 um Vertex

— CSCs: — osac < 54 [Lms;
* Intrinsic and Alignment Precision

'« HIGH PATTERN RECOGNITION and
RECONSTRUCTION EFFICIENCY

— CSCs = Granularity, Two-Track Separation
(Charge Proﬁle), Near-Space Points, Speed

— Full Advantage of Low n,~v and Punchthrough
Occupancy: Sub-Percent at £ = 105% .-

— Local Track Vectors: Cross-Check
Centroids In Each SL

— 0.5 - 1 mm Vertex: Reconstruction In 2 SL
With Good Resolution: Added Robustness
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EFFICIENCY FOR 3 GOOD TRACK
SEGMENTS VERSUS [
Muon P = 500 GeV
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MUON RESOLUTION
STANDALONE SYSTEM

dP3/P;

dP3/Py
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Events/(250 GeV*100 fb~1)

QUARK-LEPTON SUBSTRUCTURE:

qq — ptu~ AT £ = 1034
GEM REACH TO A = 30-35 TeV

¢ FOUR FERMION CONTACT

INTERACTIONS, SCALE A:

47

Liso = —P-Qr;a‘Y“ QLgm’YgLLb

47

Lafic = _FeijQLiauRaEijeRb +h.¢.
i

J-J'!:f' I ’

A

Excess Events For 2 < M’aﬁ,_ <10 TeV' |
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M,+,-(HNC) ——
M+,-(DY) - ——

¢ SIGNAL (A =25 TeV) and DRELL-YAN
SAMPLES: M,+,- > 2 TeV

— 0o = 94,05 =7.9; oy = 2.8 fb




QUARK-LEPTON SUBSTRUCTURE
qd — pTu~ AT L =10%

¢ ANGULAR DISTRIBUTIONS
DISTINGUISH THE MODELS

~1ISO0: | n,- | Tends To Be Larger, | 7,+ | Smaller
— HNC: | 9,- |,| n,+ | Identical
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— Unambiguous Charge Signs:
96% (ISO or HNC); 99.5% (DY)




468€0-dI1

{w) sbug pepenoy

00z 091 021 08 Or O OF 08~ OZi-09L-002-

-q—u--—qq-

-—-—q-—q—-—-

wng'iy
unigz

Illl]!llllllllliIIITIIIIIIII‘1IIIITIII

Sy
uvew

_L_-—-____-—___——___-__-_—__-___:__._:r__

-__q-_-——_-

'l_{illltliff'llIIILI_LIIflll!lllllllllll!l

0
001
00z
008

L.
00¥ M
oos ¥
009
00L

008

{ww) uopoeuoy uewuBye eiopeq ey beg 95[vy

02 91 zi

8 ¢

(@)

0 + 8 2~ 9l~ 0z

lllIlTIIII'lI'lIll!IIIIIIITTIIIIII‘IIIIIIIIIl]ll

L_-——q_._-_-_-—-q.__-_--_—-—q

-_-_____-—P-——-.-___q-__—_-_-_n__.____-_-_

'Il‘llllj]_l[]llllll!Illlllllllllllllllll_llll

_._:_..___._:_.__w 002~

094~
ozi-

08~ M
o

g
0
o §
08 M

021
091

aNiN

00z

(%)
._N:wr_.:

866€0-dlL

(wi) uopeisues oo penp

0008 0009 000% 000¢ 0,
_ _ _ 01—
BHLSZdL# w%x
egjAeq
'S-2 .03
— | ss0408 uvog -19°0-
— — 0
" F —s0
[ S#d37 v#aa" do1
<2

epojpojoyd
Penp

%&G 5.53.&\.

Indino (182 penb pazijeuuoy

(q)



GEM CALORIMETERS

e STABLE, ROBUST OPERATION

- LKr/LAr EM Accordion:
* Intrinsically Stable = Small Systematics

* Fast Signals = Low Noise;
Clean Lepton and Photon Isolation

— Longitudinal and Fine Transverse
EM, HCAL Segmentation:
* Photon Pointing With 7-Strips:
H®¥ertex At £ = 10%
* Clean v/Jet Separation,
With Strips, Tracker: 1 —4 x 10—4;
* e/Jet Separation ~ 1073 |
* /e Separation With Tracker:
R(v/e) =0.5% for Mg ~ My

e HIGH EM RESOLUTION
— 0,/E = 6%/VE @ 0.4% (Barrel);
- 0,/E = 8%/VE @ 0.4% (Endcap);

— Sufficient for Higgs Discovery:

* 10 fb~! Will Cover My > 100 GeV
* 30 fb~! Will Cover 80 < Mg < 100 GeV

e GOOD JET RESOLUTION
AND COVERAGE (| n|< 5)

- 0,/E = 60%/vE @ 4% (Weighting);
Lightly Instrumented Scintillating Barrel

— Sufficient Er Resolution for H® — ¢+/-jj;
Discovery of Quark Substructure

— Sufficient Ex Resolution for H® — E+£ v
Supersymmetry Signatures
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Significance
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. Y-quark, generated
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Momentum (GeV)

Number of detector layers hit
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High Uniform Efficiency
For Electrons and Muons
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GEM DISCOVERY OF CHARGED HIGGS
In tt - WH= — isorarep T+ Tisoratep T

e Isolated e or u; Isolated T

¢ 1 or 3 Prong 7 In Tracker;
Leading Prong With pr > 15GeV

¢ b Jet-Tag In CT; E3** > 30 GeV

e 6p(€1) > 100°% 4S4(fb)<K 100°

¢ Background Study: R(r/Jet)=2.7 x 1073
¢ Conservativé: e(b — tag) = 20% Assumed

100 |~ | 2

N_/10fb™
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GEM DESIGN

A Precision Lepton - Photon Detector
To Explore New Physics At The TeV Scale

¢ PRECISION OPEN MUON SYSTEM

— Quiet Environment: Very Low Occupancy

— High Pattern Recognition, Reconstruction

Efficiency for Multi-TeV Muons
- Robust Operatlon Beyond £ = 103 -

o CLOSE-IN CALORIMETERS AND SHIELDIN G

— Thickness, Layout Optimized for Low (n,7)
and Punchthrough Backgrounds

— Air Gap To Separate Muon — Initiated EM Showers
e PRECISION EM CALORIMETER

— Thin-Plate LKr/LAr Accordion = Precision

— Stability, Uniformity, Linearity, Rad Hardness,
Calibration = Small Systematics

— Segmentation: Clean Isolation of e, u,7v;
Suppression of Jet Backgrounds (With Tracker, HCAL)

— Photon Pointing = Clean Photon ID; |
Robust Angle or Vertex Measurement To L = 1034

¢« HADRON CALORIMETERS | .

— Instrumentation, Granularity: Cost-Optimized
for Er, Er Measurements

- Energy Resolution: Sufficient For Dijet, Trijet
Mass Reconstruction



GEM DESIGN
Compact Inner and Forward Detectors
To Explore New Physics At The TeV Scale

¢ CENTRAL TRACKER - Silicon/IPC
— Clean ¢,v ID: Roads With EM Cluster
— e* Charge Sign ;to the 0.5 - 1 TeV Range
—e/h Separati%ﬁ: E — p Matching
~ Assist y ID (pT——Match);‘ Low-pr Measurement
— Precision Vertex; Robust To £ = 1034

— COMPACTNESS = Low m,K Decay Muon Rate;
Thick Calorimeters At Moderate Cost

¢« FORWARD CALORIMETER COVERAGE

— Compact, Encapsulated, 16\
| — To |n |~ 5: Fr Signatures
¢+ ROBUST TRIGGER SYSTEM
- Isolated e or v, Muons, Jets, Fr
— Selectable, Relatively Low Threshholds At Level 1
~> Flexibility To,Cover the Full Range of SSC Physics




