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CMS

« Compact
« Hermetic
- Large Energy Range
« Fast

- Stable

- Radiation Resistant + Benchmark channel: - Target energy resolution

- Excellent Energy Discovery of low mass 0.5% at high energy
Resolution Higgs in H—yy channel

CMS Electromagnetic Calorimeter Toyoko Orimoto, Caltech 2



CMS

CMS ECAL Design

— -~ A 1Endcap
Homogenous 7 B W Super-Crystal
Lead =) - 4 \
Tungstate Crystals are
(PbWO,) projective and
Crystal positioned
. pointing slightly
CaIOflmeter + off the IP to
Pb-Si avoid cracks.
Preshower
Module
1 Dee Pb-Si Pre-shower
Barrel (EB): Endcap (EE): Preshower (ES):
+ 61200 crystals « 14648 crystals « Pb-Si
« 36 Supermodules (SM), * 4 Dees, SuperCrystals of | | = 4 Dees
each 1700 crystals 5x5 xtals « 4300 Si strips
* Inl<1.48 « 1.48<Inl<3.0 - 1.65<Inl<2.6
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CMS

ECAL Construction

EB SMwith N\ mm—— :
electronics. |

4 g5 = Tl

EB Module:400/500
crystals =

Bt |

T T
.,-\,\u i B
L]

: A1 1RE
& ] EEDee1&2@P5
CMS Electromagnetic Calorimeter



CMS

Installation of
preshower and
commissioning
of Endcap
trigger

\ 8

2007+
H4 EE Test
Beam; Individual
signoff of each

SM during
installation $ v
r = N\ f O ‘\ '4 D > —t —"
2006 2007 2008 2009
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™ Commissioning ECAL with First Beam

Beam Splash Events: Single beam shots of 2x10°
protons onto closed collimators 150m upstream of CMS

A “wave” or “splash” of
secondary particles passed
through CMS, depositing a
huge amount of energy

< T26m > 450 GeV
Longitudinal Transverse
views — views
ECAL
Energy

CMS Electromagnetic Calorimeter Toyoko Orimoto, Caltech 6



CMS

Beam Splash: ECAL Energy
ECAL Endcaps

* More than 99% of
ECAL channels fired

e Enormous amount
of energy deposited
in calorimeters!

©o
o

crystal index iy
crystal index iy
Energy (GeV)

» ~200 TeV energy
10™50™56 40 50 60 708050100 10565640 50 60708090 400 © depOSited in EB+EE
crystal index ix crystal index ix

ECAL Barrel e Estimated hundreds
(R T of thousands of

86

-
o

% ) 3 muons passing
2 T through CMS per
%: | : 2 event
? ) « White areas:
, channels masked
| B0 R R , A 1 from readout
B Y e R R e e S s 0

1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 301 321 341 361
crystal index i 7



CMS

Beam Splash: ECAL Timing

. ECAL
Beam splash events provide a A
source of synchronous hits \ t A
throughout detector, allowing IP Splash/Halo
to internally synchronize ECAL timing correction: R timing correction:
at= g YEFZ R N
At = AtRea,dout + AtPlaneVVaxue ¢ ¢ v ¢
beam line < >
= (Va2+y2+22—R+2)/c z
@ e 3 ¢ Hardware allows steps of 1ns steps
< 15 RED is a profile of the raw data, — o o
£ 10F- and BLUE is the nominal timing | * Further SynChr0nlzat|On applled INn
Ia::» ® according to the equation above. 5  offline reconstruction, better than 1 ns
2 5 - ] . i )
CHEN 1 * Synchronization prior was done with
s 1 laser light; Latency then adjusted w/
s - splashes
Q -10— . .
2 - ~®- Eta TT Profile X « Synchronization from beam splashes
:?’ 15 3 — Nominal Timing <M - will be start-up condition; better
208560 40 20 0 20 40 60 8

o precision w/ LHC data
N index
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CMS

Commissioning ECAL with Cosmics

CRAFT: Cosmic Run At Full Tesla | ECAL Timing
e > 300 M cosmic events collected * Average timing of cosmic signal
o 3.8T field operated for ~1 month e Top-bottom difference (t.0.f.)
» All CMS subsystems participated

ttop — thottom = C- tflz'ght

Run 66748, Event 8894786, LS 160, Orbit 167263116, BX 1915

'851 21 41 61 81 101121141 161181201 221241 261281 301 321 341 361
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CMS

Stopping Power dE/dx with Cosmics

dE/pdx of cosmic muons traversing ECAL vs muon momentum
e Events for dE/dx selected to be loosely pointing: dO<1m, Idzl<1m
» dE: energy from ECAL clusters
o dx: length traversed in ECAL crystals
« Momentum measured by silicon tracker

A‘IU l lIIllII| I !IIIIII| | |l|

. Expenmental data..vs ....... U010 O S s

" Expected stoppmg power ./ /1 Resultsindicate

/1 the correctness
......... * ..... _ of the tracker

....... ..... _ momentum scale

/| andECAL

- .,_ energy scale.

dE/pdx (MeV cm’/g

CoII|S|on Ioss

Bremsstrahlung E Ioss

1 | i;|||||| ] i||||||| i |||

1 10 10 p (GeV/e)
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CMS

ECAL Calibration & Monitoring

Calibration of ECAL crucial to maintain high energy resolution

Cluster

* Without inter-calibration, same Eer =G x Fx Z ¢ X A,
signal would produce different J/ ?. \ amplitudes
outputs in different crystals. absolute energy/scale  inter-calibration constants

» Also need overall energy scale

algorithmic corrections

Uncalibrated Lab Pre-Calibration:

Supermodule: 4% E!B, 9% EE (.aII cr.ystals) In-Situ Physics
6%-10% spread in = CosmICOPre-Callbrann. = Calibration:
response among 1.5-2.5% (all EB) 0.5% resolution
channels TestBeam Pre-Calibration:

<1% (1/4 of EB & 400 EE xtals)

ECAL Monitoring (Monitor Stability and Measure Radiation Effects):

ECAL Stability (<< 0.5%): Transparency Change Correction:
= Signal Change under Irradiation,
Measured with Laser Monitoring System

Monitored with Laser System
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CMS

ECAL In-Situ Calibration

Goal: improve startup calibration as quickly as possible in-situ

symmetry: use invariance of mean
¢ sy y-! ) : Few hours ~ 2-3%
energy deposited by jets at fixed n
n0—yy: mass peak @ low luminosity Few weeks <=1%
Z—ee: absolute energy calibration 100 pb-T < 1%
W—ev: E/p measurement 5-10 fb1 0.5%
x10° T A
> S ELE L L L B B L R IR - ! ! ! ! !
3 7F 0 E S102F - — 0 =
w f =YY M=135.0 + 0.1 MeV ] > [ e JU—>YY «
S sF - 5 F 1 % Precision ]
Sk c=7401% o L |
o °F S/B =1.86 +0.02 ] E 10k Ve 25
T LE = B o 0 .
o 4— - r ° ® g% o o 7]
c C n 8 5 ...:.. “.'..'..N‘.‘.. .....o % |
9 3:_ _: 4(—6 _.q....ﬁ"" . 's o et e
(@] - - — . e %o .o‘.o'
3 - ] 2 1= ° et o R
o 2 A Q E o 0% ® o o’ o‘.‘.‘.".“ =
E . . ] E l:;q-..'..”..o Y e, ‘e o... E
1 CMS Preliminary 4 s CMS Preliminary 1
; L1 1 I 11 1 I 111 l 11 1 ILI_I21xl1I0I 1 IcIrTI‘ 1 |sl 1 I: I L=2X1 030cm-zs-1

‘06 0.08 0.1 0.12 0.14 0.16 0.18 0‘2 0.22 10_1 1111 I 1111 I 1111 | 1111 I 1111 I 1111 [ 1111 I 1111 I 11
- . 0O 10 20 30 40 50 60 70 80
Invariant Mass of Photon Pairs [GeV] n-Ring Number
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CMS .
Conclusions

* Crystal ECAL has been integrated and
commissioned in situ, and has been collecting
data since 2008

* Performance has been proven with first LHC
circulating beams

* |n addition, more than 300M cosmic ray events
collected during CRAFT

e Preshower detector installed in Feb-March 09

* Being commissioned and has joined CMS
global data taking

* CMS ECAL on track for first LHC collision data
* Ready to improve pre-calibration with in-situ
physics calibration
* Expect results not just with cosmics or single
beam, but with collisions soon!
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