
GEM
PERFORMANCE

FlEATURES
-p

fli

HarveyB. Newman
CALTECH

GEM TDR REVIEW
SSCLAB

May 24, 1993



Events/GeV/30fb4
0
0

C
CD

4
tN



GEM DETECTOR

DESIGN PRINCIPLES:

Explore The New Physics With Multilepton,
Multiphoton, Lepton + Jet, h Signatures

Across A Wide Range of Physics Scenarios

* High-Precision EM Calorimetry; Excellent e/’y ID
With Tracker and Hadron Calorimeter

* Precision Muon ID and Measurement:
Open Large Volume Spectrometer, Behind
Hermetic Caloriqieters and Shielding

I,

* Good Resolution for Jets and

* Robust Calorimetric, Muon and Tracker
MeasurementsTo £ = io34



GEM’s PHYSICS GOALS
HAVE GUIDED THE DESIGN PRINCIPLES

andMAJOR TECHNICAL CHOICES

FROM THE OUTSET

* EM RESOLUTION REQUIREMENTS
Stochastic6 - 8%/i/ AND Systematic 0.4%

Terms Set By the Discovery PotentialFor
H°

-+ H°-÷ ZZ -* e+ee+e, V -+ e+e_

* PHOTON POINTING and ANGULAR RESOLUTION
a9 = 40 - 5o/V+ 0.5 mrad:

For Clean ID and Measurementof H° -* V - e+e
Event Vertex Determinationat £ = i034

* CALORIMETER SEGMENTATION
PrecisionMeasurementof EM Processes;
Rejectionof Hadronic Backgrounds;
CleanIsolation of e,p, 7 With Tracker

* HIGH MUON MOMENTUM RESOLUTION
For AU I 2.5
Detect Z’ - pC, H° pppp With High Efficiency

* FORWARD CALORIMETER COVERAGE
To rj fr.5:..?r Signaturesfor H° -÷ £tvV and SUSY

* COMPACT CENTRAL TRACKER RESOLUTION
7/Jet,e/7 SeparationFor H° -*

Vertex Determination For H° - yy, V -+

PT Resolution For -+ £t + X in e-Channel

* ADEQUATE SHIELDING: LOW it, y FLUX
Low Muon ChamberOccupanciesTo C = i0



GEM’S STRENGTHS:

PHYSICS CAPABILITY

* NEW PHYSTCS: Clean, High Resolution
Lepton and Photon Measurements

* Higgs Detection Over The Full Range:
Low Mass: H°

-+ yy,fry; t’irtt;
High Mass: H° -* tFttlt; t’tjj, t1tvv

* Quick Discovery of Top;
Charged Higgs in t -* Hb; -* rv

* Squarks, Gluinos Up To the TeV Range: Jets, .PT;
Isolated Leptbn Veto for ti’ Like-Sign Dileptons

/

* Quark Substructure To A = 25 TeV: Jetsç’ET
.1-Sto8TeV:Z->e’e Width;

jic F-B Asymmetry At 4C = 1O

* Quark-Lepton Compositenessto A = 30-35 TeY:
qq -> ji5r F-B Asymmetry At £ = io34
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GEM TRIGGER:
ISOLATED EM CLUSTERS, JETS,

MUONS, MISSING ET

Name Definition . Thresholds

EM dusterwith Ej’ > xGeV E81 E16, E50, E80
in 0.16 x 0.16, isolated in both
EM and HAD calorimeters.
Muon witip7’ > x GeV. M20, M30, M40
Jet duster with E2’ > xGeV . 116, 40, Jso, J2oo
in 0.48 x 0.48.
Missing energy fr > xGeV Jo, .jjoo
slimming whole calorimeter.

Process Mass Trigger Efficiency

H - 80 GeV 2E16 V E50 78.7%
H - 140 GeV 2E16 V 40 94.7%
tIH - 77tX 80 GeV 2E16 94.4%
H - crt+r 140 GeV 2M10 V 2E16 81.8%
H - 4000eV 2M10 V 2E16 99.8%
H -.

ii-. £vbX
.

"‘

800
140

GeV
0eV

2M10 V 2E16
E50 V M30

99.9%
75.3%

jj 500GeV 3J80A.100 9919%

W-ez, - E15A50 15.8%
W-.pv - M10A.j50 48.7%

Z - ee - 2E16 80.3%
Z - pp - 2M10 86.9%



MUON SAGITTA TRIGGER

RATE VS. ‘T CUT
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* GEM MUON SPECTROMETER
PRECISE, ROBUST DESIGN

* QUIET ENVIRONMENT
- 11 - 16+ A Calorimeter: Punch Through

Well Below Real Muon Rate it, K, c, b
- Compact Close-In FCAL + Shield:

Lown,-y Flux

- Air Gaps fer.Associated EM Showers High
Efficiency jpf Multi-TeV Muon Reconstruction

* HIGH RESOLUTION

- APT/PT = 5% 115% Baseline
Ati7=0 2.5, for PT=0*5 TeV

- Charge Determination: To 6-15 TeV Baseline;
To 13-22 TeV With 200 pm Vertex

- CSCs: -* c 54 pm;
* Intrinsic and Alignment Precision

* HIGH PATTERN RECOGNITION and
RECONSTRUCTION EFFICIENCY

- CSCs - Granularity, Two-Track Separation
Charge Proffle, Near-Space Points, Speed

- Full Advaiitage of Low n, -y and Punchthrough
Occupancy: Sub-Percent at Sc = io

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

- 0.5 - 1 mm Vertex: Reconstruction In 2 SL
With Good Resolution: Added Robustness



CALORIMETER DEPTH CHOICE

1 HIGH PATTERN RECOGNITION EFFICIENCY:
Overall Punchthrough Rate Well Below
Real Muons Prompt + Decay Rate

2 LOW1.MUON TRIGGER RATE:
High-pT Punchthrough and
Sailthrough Well Below Real Muons

3 HIGH TRACK RECONSTRUCTION EFFICIENCY:
Four-Strip Occupancy <1% at Sc = iO

Criteria Mm. Depth required

0.1 < 111< 1.34 1.38 < IT < 1.86 1.86 C C 2.46

*1
2 ‘‘

11
10 *

11
10

. 11
10

3 10 12 16
* Overall * 11 12 16
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OSO n, ‘y Occupancy 300 ns

At £ = io34 £1%
ii

Superlayer 0.08-1

Rapidity

.34

Range

1.38-1.86 1.86-2.46

Inner 0.6% 0.3% 0.3%

Middle 0.6% 0.4% 0.4%
‘

Outer 1.1% 0.6% 0.5%



EFFICIENCY FOR 3 GOOD TRACK

SEGMENTS VERSUS
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MUON tSOLurION

STANDALONE SYSTEM
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QUARK-LEPTO N SUBSTRUCTURE:

q4 -+ AT io
GEM REACH TO A = 30-35 TeV

* FOUR FERMION CONTACT
INTERACTIONS, SCALE A:

Liso = - QLaI’QLaLLbT,4LLb

4ir -
EijQLiaUpLLjbtRb + hc.

Excess Events For 2

m GeV

* SIGNAL A =

SAMPLES: M,L+- > 2

m GeV

25 TeV and DRELL-YAN
TeV

- = 9.4,C = 7.9; c0,. = 2.8 lb

=
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QIJARIC-LEPTON SUBSTRUCTURE

qij -÷ 1tr AT £ = io34

* ANGULAR DISTRIBUTIONS
DISTINGUISH THE MODELS

- ISO: I Tends To Be Larger, Smaller

- HNC: ‘i- LI m÷ I Identical

- Unambiguous Charge Signs:
96% ISO or HNC; 99.5% DY
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GEM CALORIMETERS

* 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 ty-Strips:

H°;tèrtex At £ =

* Clean/Jet Separation,
With Strips, Tracker: 1 -4 x 1Cr4

* e/Jet Separation b-5
* -y/e Separation With ‘lflacker:

R.-y/e =0.5% for MH

* ]IEGH EM RESOLUTION

- = 6%/v’ e0.4% Barrel;

- LTE/E = 8%/YE 0.4% Endcap;
- Sufficient for Higgs Discovery:

* 10 IV’ Will Cover MH 100 GeV
* 30 fV’ Will Cover 80 <MH < 100 GeV

* GOOD JET RESOLUTION
AND QVERAGE J rfl< 5

- O*E/E = 6O%/sJe4% Weighting;
Lightly Instrumented Scintillating Barrel

- Sufficient ET Resolution for O ttjj;
Discovery of Quark Substructure

- Sufficient Resolution for 11° -*

Supersymmetry Signatures
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GEM
QUARK COMPOSITENESS

HIGH ET JET STUDY

* FOUR FERMION CONTACT INTERACTION,
SCALE A:

1*

£

ExcessJet Production For Large ET <<A

* SIGNAL A =25-30 TeV and QCD
BACKGROUND SAMPLES: EET > 9 TeV

-r QCD Normalization Sample PDF
SystematicsStud33: EET > 4.8 TeV

-, Study Effects of Non-Linear Calorimeter
Response;Jet Energy Weighting ‘

- Include Non-Gaussian ResponseIn Gemfast
1% Level: DO Experience
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GEM
QUARK SUBSTRUCTURE

STUDY RESULTS

* CoMPosITENEss SCALE A 25 -30 TeV
Reachablein One Year At £ = i033

* RESULTS ARE INSENSITIVE TO PDF
CHOICE: CTEQ-1L, EHLQ-1, MT-2

* JET ENERGY WEIGHTING SCHEME:
REACH IN A TJNCOMPROMISED

* OUTLOOK FOR £ = io:
ATO45 TeV
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GEM FCAL
fl rmm
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GEM FORWARD
HADRON CALORIMETER

PHYSICS PARAMETERS

i/’ ¶

PT Jet Resolution tAPT/PT <10%
Angular Resolution zSij <0.07
Fiducial Coverage 3 <1 q 1< 5
Lateral Segmentation Si7 x Sq! = 0.2 x 0.2
Longitudinal Segmentation 2.4 + 2.4 + 11.4 = 16,2A
Dynamic Range I.o5
SpeedShaping Time 16 ns



7-

10
0

I
-

GeV
TIP-03975

FIG. 2-53. Pr signal for Case I MSSM parameter8defined in Table 2-17 open circles
andfor QCD backgroundhistogramalter requiringat least5 jets with p’ > 75 GeV and
the spliericity andlepton veto cuts describedin the text.
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GEM CENTRAL TRACKER
PHYSICS PERFORMANCE

. Electron ID: e/ir° = 0.1%; e/ic = 0.08%;
e/Jeta 0.02%; e/.Jet Isolated =9.001%

97%;c 97% in H° -÷ tbttbr;

* .#. Correct Higgs Vtx Exz c 5 mm:
c=95% L = io; c=75-80% L =

* b-Tagging: Efficiency = 30 % + Preliminary

* ‘r - 3 Prong Tagging: Efficiency = 75 33%
At PT = 50 150 GeV

* Momentum Resolution Sufficient For Like-Sign
Dilepton Studies: WW-Scattering.

* To Be Studied: CP Violation In
B -* -*
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High Uniform Efficiency
For Electrons and Muons

In H-’ ZZ* -4
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ISOLATED

GEM DISCOVERY OF CHARGED HJGGS
+X

* Isolated e or p; Isolated ‘r

* 1 or 3 Prong ‘i- In Trackers
Leading Prong With PT> 15GeV

. b Jet-Tag In CT; E4t > 30 GeV

* 5tr> 1000; 5c5th 1000

* Background udy: JZfr/Jet = 2.7

* Conservatit& eb - tag

x.

= 20% Assumed
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Central Tracker: Efficient
Full 1-2-3 Charge

3-Track Reconstruction;
Separation In IPCs

‘l -p 3-Prongs: Efficiency For
Reconstructing All Three
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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 Operation: Beyond £ = i034

* CLOSE-IN CALORIMETERS AND SHIELDING

- Thickness,Layout Optimized for Low n, -y
and PunclithroughBackgrounds

- Air Gap To SeparateMuon - Initiated EM Showers

* PRECISION EM CALORIMETER

- Thin-Plate LKr/LAr Accordion = Precision

- Stability, Uniformity, Linearity, Had Hardness,
Calibration ‘. Small Systematics

- Segmentation: Clean Isolation of e, p, -y;
Suppressionof Jet BackgroundsWith Trackers HCAL

- Photon Pointing . Clean Photon ID;
Robust Angle or Vertex Measurement To £ = ia3’

* HADRON CALORIMETERS *

- Instrumentation,Granularity: Cost-Optimized
for ET, 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 - Silicou/IPC

- Clean e, ‘y ID: RoadsWith EM Cluster

- e Charge Sign:;to the 0.5 - 1 TeV Range

- e/h Separati1n: E - p Matching

- Assist p ID PT-Match; Low-PT Measurement

- PrecisionVertex; Robust To £ = iO

- COMPACTNESS Low ir,K DecayMuon Rate;
Thick CalorimetersAt ModerateCost

* FORWARD CALORIMETER COVERAGE

- Compact,Encapsulated,16A

- To J q k 5: r Signatures

* ROBUST TRIGGER SYSTEM

- Isolated e or -y, Muons, Jets, jJr
- Selectable,Relatively Low Threshholds At Level 1

-* Flexibility ToCover the Full Rangeof SSC Physics


