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CMS STATUS AND PROSPECTS
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Stefano Bianco
Laboratori Nazionali di Frascati dell’INFN

for the CMS Frascati group

Slides material courtesy of CMS Collaboration
many thanks in particular to

my colleagues Davide Piccolo and Luigi Benussi (Frascati)
and to

Mario Kadastik - KBFI Estonia
Karl M. Ecklund - Rice University

Mario Galanti - University of Cyprus
Michael Murray - Kansas University

Urs Langenegger - PSI



Stefano Bianco - CMS Status and prospects - LNF Institute June 9th 2010 22

OUTLINE

•The Detector
•Performances
•Early Data Taking Runs
•First Physics
•Prospects
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Compact Muon Solenoid
METHOD AND GOALS

•Hermetic detector in a 4T solenoid
•Tracking
•Crystal calorimetry
•Muon detection

•Find the Higgs
•Find the New Physics
•High precision SM (W,Z,top) physics
•B physics
•Heavy ion programme     NOT COVERED IN THIS TALK  :-)
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Compact Muon Solenoid
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Particle Detection in CMS
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Mario Kadastik, KBFI, Estonia 9

4T Solenoid

ECAL
76k scintillating 
PbWO4 crystals

HCAL Scintilator/brass
interleaved

Pixels & Tracker

MUON BARREL
Drift Tubes (DT) and
Resistive Plate Chambers (RPC)

MUON
 ENDCAPS

Total weight         12500 t
Overall diameter   15 m
Overall length       21.6 m

IRON YOKE

YBO
YB1-2

YE
1-

4

CMSCMS

Cathode Strip Ch. (CSC)
Resistive Plate Ch. (RPC)

Muon 
End-Caps

• Pixels (100x150 µm2)
  ~  1 m2  66M channels
• Silicon Microstrips
  ~ 210 m2  9.6M channels
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Building CMS
Going Underground
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Cosmic
Runs
At
Four
Tesla
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• Autumn ’08
o 275 M without pixels
o 194 M with all detectors

• Summer ’09
o 320 M with all detectors

CRAFT 2008 & 2009
VERY LONG DATA TAKING WITH COSMICS USEFUL
 TO COMMISSION THE DETECTOR

In total, > 1 billion cosmic trigger 
Logged between 2008 and 2009 !

B = 3.8 Tesla
Tracker & μDT “on”
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CRAFT 2009 Operations

% of Detector Operational (August 2009)

Global operation 
efficiency during 
CRAFT 09  > 80% 
(>90 % in weekends)

Aim for > 90%
during for LHC 
runs
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2 23 “CRAFT” Papers Published in JINST
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Validation of subdetector
performance (skipping, see

backup slides)
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Measurement of the Charge Asymmetry of Atmospheric Muons
with the CMS Detector -     R=positive/negative.

Physics from cosmics
arXiv:1005.5332v1 [hep-ex] 28 May 2010

CRAFT
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LHC
Pilot Runs

√s = 900 GeV
&

       2.36 TeV

Physics Run
Start-up

√s = 7 TeV
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Si Tracker: Performance @LHC
Primary VertexPrimary Vertex Strip TrackerStrip TrackerPixels ClustersPixels Clusters

CMS@LHC

Jim Virdee, CERN Council talk Friday December 18, 2009
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Lifetime:
CMS: 90.00 ± 2.10 ps
PDG: 89.53 ± 0.05 ps

19

Low Mass Resonances

First stable beams with 4x4 bunches ~ 1x1010 protons on 6th of
Dec. … K0

S & Λ analyses completed 7th of Dec.

Lifetime:
CMS: 271.0 ± 20 ps
PDG: 263.1 ± 2.0 ps

Excellent understanding of the momentum scale for low mass
resonancesAccurate tracking, vertexing, alignment, magnetic field etc

K0
S Λ

CMS@LHC

Tracker

CMS DP 2010-
001
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… and even more
CMS@LHC

Ξ± → Λπ±

Λπ Invariant mass

• tracks displaced from
  primary vertex
  (d3D > 3σ)
• Common displaced
   vertex (L3D > 10σ)

Tracker

LHC Pilot Runs

CMS DP 2010-
004
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… and even more
CMS@LHC

Ω± → ΛK±

ΛK- or anti-ΛK+ Invariant
mass

• combinations fit to a
  common vertex

Tracker

LHC √s = 7 TeV
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Φ Κ+Κ− using dE/dX 

K0
s, Λ, φ …

Validate Tracking
Reconstruction
Secondary Vertex Finding
Magnetic Field
Material
Momentum scale

Validation of MC

CMS@LHC

Tracker

CMS DP 2010-
001
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First γγ Resonance in CMS
CMS@LHC

ECAL

With “Out of the box” MC corrections: 
within 2% of PDG mass …

First π0 peak shown already the 27th of November !

Π0 with one leg reconstructed
(track-driven) as conversion ! 
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CMS@LHC

ECAL
… and even more

Same ad for dN/dPT
(PT refers to transverse momentum of
the  reconstructed π0γγ candidates).

Measured by fitting the peak reconstructed
in each  η-bin (after selection). The MC is
normalized to Data. No other corrections
were applied (η = pseudorapidity of
reconstructed π0γγ candidates).
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Electrons
CMS@LHC

ECAL

Low statistics for “signal” in these data …
mainly a commissioning exercise for electron
reconstruction observables on “background fakes”
(only ~ 1/3 e mostly from secondary conversions)

Agreement with MC is promising

Reconstructed e candidates combines
two seeding algorithms

• “ecal driven” optimized for W/Z … H
electrons (clusters of ET > 4 GeV)

• “tracker driven” bringing more for
   electrons at low pT or in jets

Commissioning with wildly opened pre-selection requirements  
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Electrons

29LHC and Beyond workshop

– Low eT electron selection
– Look at same sign and opposite sign combinations separately
– Binned likelihood fit of a gaussian + constant in mass range 1.5 – 4.5 GeV
– Signal is the integral of the gaussian, BG quoted in ± 2.5 sigma around the mean
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Muons
CMS@LHC

Muon Detector

pT(µ1) = 3.6 GeV,  pT(µ2) = 2.6 GeV, m(µµ)= 3.03 GeVpT(µ1) = 3.6 GeV,  pT(µ2) = 2.6 GeV, m(µµ)= 3.03 GeV



Stefano Bianco - CMS Status and prospects - LNF Institute June 9th 2010 31

Muons

31LHC and Beyond workshop

J/ψ → µ+µ- with ~1 nb-1 data

Loose selection cuts Tight selection cuts

M     = 3095 ± 7 MeV/c2

RMS = 42.5 ± 6.3
Ev    = 76 ± 12

M     = 3094 ± 9 MeV/c2

RMS = 35.5 ± 6.8
Ev    = 24 ± 5
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Muons

32LHC and Beyond workshop

Signal events: 1230 ± 47
Sigma: 42.7 ± 1.5 (stat.) MeV
M0: 3.092 ± 0.001 (stat.) GeV
S/B = 5.4 (M0 ± 2.5σ)
χ2/ndof = 1.1

Result of J/ψ at Lint = 15 nb-1
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Di-Jets
CMS@LHC

ECAL+HCAL+HF

Calo jets JPT jets PF jets
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Missing ET

34LHC and Beyond workshop
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Photons

Charged hadrons

Neutral hadrons

“Particle Flow”: reconstruct particle content

35
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P-flow: MET (1.9 GeV)

PFJet 1
pT 41.5 GeV/c

PFJet 2
pT 37.5 GeV/c

PFJet 3
pT 21.8 GeV/c

Pflow: Jet reconstruction follows naturally

36

… and so are global quantities like ET
miss
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Particle Flow
CMS@LHC

PFLOW

Accurate understanding of the
calorimeter and optimal use of
the granularity and of the excellent
performance of our detectors
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LHC
Physics Run I

√s = 7 TeV
L = 1 fb-1



Stefano Bianco - CMS Status and prospects - LNF Institute June 9th 2010 3939

~
50

 f
b-

1 
pe

r
ye

ar

~
10

0 
fb

-1
 p

er
ye

ar

Mike Lamont

CMS PTDR Prospective (30 fb-1@14 TeV) relevant in ~2015

Ultimate sLHC
exploitation at
1000 fb-1/year

+ 
Sh

ut
do

w
n 

?

7 TeV 14 TeV
20

08
-2

00
9:

 C
os

m
ic

s 
+

 9
00

 G
eV

 &
 2

.3
6 

Te
V
 c

ol
lis

io
ns

LHC Expectations
P. Jenni, Moriond 2010
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CMS Integrated Luminosity

7 TeV

• Detailed timing and calibration studies performed on all detectors
• Preliminary analysis on physics objects
• Reached 1.5 1029 Hz/cm2 during 13x13 running end of May

~ 91% data taking
           efficiency

 (contains effects of “pause
  and resume” needed for
  timing & calibration scans)

Squeeze

Long runs

4x4 & 6x6bunches

13x13 bunches
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1 nb-1 1 pb-1 1 fb-1
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SUSY ?
Higgs ?

Z’

You are
 here !

20 / nb

ICHEP
2010

Moriond
2011

EPS HEP
2011

W (& Z) Observation

Di-top Observation
W/Z Measurements

WW Measurements
WZ Observation

ZZ Observation

Di-jets
Min. bias
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EARLY PHYSICS RESULTS
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MINIMUM BIAS PHYSICS @ 7TeV
Trigger and selection
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Transverse-momentum and pseudorapidity
distributions of

charged hadrons in pp collisions at sqrt(s) = 0.9
and 2.36 TeV

arXiv:1002.0621v2 [hep-ex] 8 Feb 2010

 Transverse-momentum and pseudorapidity
distributions of

charged hadrons in pp collisions at sqrt(s) = 7 TeV
arXiv:1005.3299v1 [hep-ex] 18 May 2010
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First Measurement of Bose-Einstein
Correlations at sqrt(s)=0.9 and 2.36 TeV at

the LHC
arXiv:1005.3294v1 [hep-ex] 18 May 2010
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Rediscovering the SM
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W boson

59LHC and Beyond workshop

Electron channel:
Total: 44 candidates, expected BG ~ 2
events 40 candidates with MT > 50 GeV

Muon channel:
With MT > 50 GeV: 57 events
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W  e ν candidate



Stefano Bianco - CMS Status and prospects - LNF Institute June 9th 2010 6161

W  μ ν candidate
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Z boson

62

• 5 candidates in the peak region
• Photon10 HLT required (10 GeV Et EM cluster)
• Both electrons required to pass a loose simple cut based

electron Id and isolation selection
• BG from PYTHIA, signal POWHEG rescaled to NLO cross

section
• Normalization to integrated luminosity

 Muon Id criteria (global and tracker muon, impact
parameter, c2, number of hits, …).

 HLT pT single-muon threshold (L3): 9 GeV, |h| < 2.1
for at least one of the muons.

 Muon pT > 20 GeV.

 Loose muon isolation: track-pT sum in a DR < 0.3 cone
must be less than 3 GeV.
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Z  e e candidate
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Z  µ µ candidate
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Top in the future

65LHC and Beyond workshop

Predictions for the near future, for the M3 the invariant mass of the three jets
is taken, which have the largest invariant transverse mass, for the M3’ a χ2

method is used to fit the event topology more precisely in the jets selection
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CMS @ LHC Run I

SM Higgs Boson

Exclusion regions that CMS can reach
alone. The expected exclusion mass
range is 145<mH<190 GeV

This plot is intended to indicate what ATLAS +
CMS combined sensitivity might be at 1fb-1.
The expected exclusion mass range for the SM
Higgs is 140<mH<200 GeV
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CMS @ LHC Run I

MSSM Higgs Boson
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CMS @ LHC Run I

Supersymmetry
e.g. all-hadronic searches 
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CMS @ LHC Run I

TeV Resonances

e.g. di-lepton channels

Background dominated by Drell-Yan
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FLAVOUR PHYSICS
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Bs --> mu+mu-
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Bs --> mu+mu-
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Conclusions: promises, promises …

• The full CMS Detector was operational for the first LHC beams in 2008

• CMS could profit from extensive Cosmic Data taking campaigns in 2008
  and 2009 for commissioning

• Data taking with LHC Pilot runs in December 2009 was a great success,
  with performances validated to expectations within hours, and extensive
  analyses performed within O(day)’s !

• The experiment currently runs in a “minimum bias” mode with LHC
  collisions at √s = 7 TeV … and first EWK Boson candidates observed !

• With O(1 to 10) pb-1 expected by ICHEP 2010, a first major production
  of physics results (EWK, top sector, QCD, …) are expected

• Di-boson observation and first significant constraints (or hints) on the
  SM Higgs boson are expected in 2010-2011

• The experiment has a some discovery reach beyond the SM already in
  2010-2011 (e.g. scalar sector at high tan β, sparticles, TeV Resonances)
• The full analysis chain is in place and able to produce physics output as
designed
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BACK-UP
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Parton Luminosities
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Parton Luminosities
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H0 Production
CTEQ6M, Mt=175 GeV used for PTDR

Production Modes and Cross-sections
The SM Higgs Boson and the LHC

Ex
cl

ud
ed

Disfavoured

BSM Physics can change these in a
major way !!! (e.g. bbH in MSSM)
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A. Djouadi, hep-ph/0503172

H → bb
Dominant mode … but crippling QCD
background … exploitable in ttH or VH
associated modes ?
H → τ+τ−

Exploitable at low MH in
The VBF production mode

H → γγ
Complementary mode at low MH via
loop diagrams, low BR but excellent
γ/Jet (γ ID, γ Iso., Mγγ) separation

MH < 140-150 GeV

MH > 125-130 GeV
H → WW(*)

Dominant mode, l+νl−ν  channel optimal for MH = 2 MW ;
lνqq’ channel exploitable at large MH or through VBF
H → ZZ(*)

Small BR but ‘‘golden mode’’ for a discovery   l+l− l+ l−

The SM Higgs Boson at the LHC

Observability

BSM Physics can change these in a
major way !!! (e.g. ττ, bb in MSSM)

e.g. G. Salam et al.
boosted H, “fat” jets
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The Large Hadron Collider

• A broad band exploratory machine
• May need to study WL-WL scattering at c.m. energy of ~ 1 TeV

Need EW ~ 500 GeV ⇒  q   ~   1 TeV    ⇒  √spp ~ 14 TeV

• May need to study a Higgs boson physics at a MH ~ 0.8 TeV

Event rate = L σ Br
e.g. H ~ 0.8 TeV;  H → ZZ → 4l
      Events/year ≥ 10 ⇒ (10/107) x 1/(10-37 10-3) = L ~ 1034cm-2 s-1

8-11 June 2010
LHC and Beyond workshop
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Physics & The LHC Detectors

The essential physics motivations back in 1989:

Electroweak Symmetry Breaking
   e.g. SM Higgs ⇔ High Luminosity*, √s ~14 TeV
                            γ’s or isolated leptons
             * pile-up ! … more than 20 min. bias events superimposed

Hierarchy of Fundamental Interactions
         e.g. SUSY to stabilize the Higgs mass vs GUT/Planck scales
             ⇔ multijets and missing PT

Unification and Extended Symmetries
         e.g. Z’-like resonances at the TeV
             ⇔ measurements at very high momentum

8-11 June 2010
LHC and Beyond workshop
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Solenoid Field MAP
2010 JINST 5 T03021

Extrapolation of track from inner
tracker to first layer of barrel muon
chamber  verity that B field inside
solenoid known to < 1‰

Precision modelling and
measurement of the B field
 Implemented in MC model

CRAFT
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The CMS Si Tracker

Volume ≈ 24 m3   T° ≈  –10 0C 
Dry atmosphere … for years !

> 200 m2 of Silicon !

Pixel detector and a Silicon microstrip tracker:
PIXEL DETECTOR
• Provides seeds for the
   particle tracks
   e.g. Kalman Filter reco.
• Responsible for good
   vertexing
   e.g. Impact parameter or
    DCA to interaction VTX
• Help determine Z
  coordinates of events
   suppresses pile-up;
   σVTX ~ 5 cm
• Event topology info.
  for High Level TriggerSILICON µ-STRIP

• Track measurement with best possible ΔP/P
   and high efficiency from P ~ GeV/c to TeV/c
• Fine granularity (low occupency) for track isolation
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Si Tracker: Alignement

TIB
CRAFT

2008   2009
               prelim.

CRAFT

Use RMS of distribution of mean of residuals as a “measure”
of alignment quality (insensitive to multiple scattering)

Alignement measured in CRAFT08 and confirmed in
CRAFT09(insensitive to multiple scattering)

2010 JINST 5 T03009
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Si Tracker: Calibration
CRAFT

Relative Calibration:
most probable value of signal
adjusted to expected MIP

Absolute calibration:
extracted from ionization
curve adjusted to Landau-
Vavilov-Bischel function:
  262 ± 3   e-/ADC count

Agrees with calibration pulse:
269 ± 13  e-/ADC count obtained

with charge injection circuitry

2010 JINST 5 T03008
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The CMS ECAL

Barrel End-Cap

PbWO4 crystals
X0 = 0.89 cm
RM = 2.10 cm

En
d-

Ca
p
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ECAL: Monitoring Response

Response of typical channel
APD response normalized to PN diode 
which monitors laser light

ECAL Barrel stability

RMS of normalized response in P2
Spec. < 1 ‰ achieved

T. Camporesi
LHCC 23-09-2009

CRAFT
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ECAL: Timing Performance
2010 JINST 5 T03011

Time difference Δ(tm) between up
and down clusters vs expectation
from time-of-flight

Time resolution vs Amplitude
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ECAL: μ Stopping Power
2010 JINST 5 P03007

Reminder:
• 4 SM (1700 channels each) have been calibrated with electrons
• Transferred to all 36 barrel SM by means of cosmic ray inter-calibration
                  Typical single channel uncertainty of 1.5% 

2010 JINST 5 T03010

Collision processes
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CRAFT
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Hits precision with 50-220 µm resolution

The CMS Muon Detector

CRAFT 09:
• 98.4% Drift Tubes (DT) cell efficiencies
• Barrel and Forward Resistive Plate Chambers (RPCs) fully functional
• 99% operational efficiency for CSC  (MWPC with Cathode Strip Readout)
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Muon: Momentum Resolution
CRAFT

Resolution Performance:

    <1% @ <10 GeV/c

       8% @ 500 GeV/c

2010 JINST 5 T03022
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Rapidity Range

A new
telescope
for new
probes

H
ig

h
 R

a
te

, 
T

ri
g

g
e
r

NO
T 

CO
VE

RE
D


