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The CMS Collaboration

37 Countries, 155 Institutes, 2000 scientists (including about 400 students) ~ October 2006 —
TRACKER '
LR(I)EEEF[\'IEQ-E)?W%EI%UI\IIEITION Austria, Belgium, CERN, Finland, France, Germany,
Austia Brazll CERN. Einland. France, Gresce, Italy, Japan®, Mexico, New Zealand, Switzerland, UK, USA
Hungary, Ireland, Italy, Korea, Poland,
Portugal, Switzerland, UK, USA - : W= CRYSTAL ECAL
. , ‘_.@-‘a’i = Belarus, CERN, China, Croatia, Cyprus, France, Italy,
- !_. J‘ﬁ:‘% Japan® Portugal, Russia, Serbia, Switzerland, UK, USA
f A ’ s :
[ = q
' ‘#\\ % = -
—\ | PRESHOWE R
\ = Armenia, CERN, Greece,
India, Russia, Taiwan
RETURN YOKE
Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, USA
SUPERCONDUCTING '
MAGNET | ik -
All countries in CMS contribute A\, \
to Magnet financing in particular: )* . -§
Finland, France, ltaly, Japan®, / FEET FORWARD
Korea, Switzerland, USA g . \ CALORIMETER
Hungary, lran, Russia, Turkey, USA
HCAL
. Barrel: Bulgaria, India, Spain*, USA MUON CHAMBERS
Total We’ght : 12500 T Endcap: Belarus, Bulgaria, Georgia, Russia, Barrel: Austria, Bulgaria, CERN, China,
Overall diameter : 15.0 m Ukraine, Uzbekistan Germany, Hungary, ltaly, Spain,
Overall length 215 m HO: India Endcap: Belarus, Bulgaria, China, Colombia, # Only through
Magnetic field : 4 Tesla Korea, Pakistan, Russia, USA industrial contracts
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Contents

Motivation: Why e/y are important to CMS program. What are the
challenges.

Brief revision of Energy Loss Mechanisms for electrons and photons

Choice of ECAL technology. Construction and Current Status

Reconstruction of Photons and Electrons illustrated with
case studies of H->yy, H->ZZ

NB: My groups contributions are to e/y reco software, ECAL
commissioning and operation, testbeams, DAQ.
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Primary Goal of LHC

14 TeV pp

L=1034cm=2sl

44
* e, d
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Effectively a
high energy
gluon collider

To Understand the Mechanism of Electroweak Symmetry Breaking - The Higgs

August 7th, 2008 Colin Jessop at UCB UNIVERSITY OF
I P NOTRE DAME



Standard Model Higgs Constraints CMS

(LEP EWWG March 07)

My = 144 GeV

s 4
' 6 _ ' ) . . .
5 1 e i 95% Confidence Limits (Spring 2007)
I === 0.02749+0.00012 i
4 ++ incl. low Q” data . my > 114.4 GeV (Direct Search)
) _ i
5 8- : my < 182 GeV (Inferred from constraints on
2_' B radiative corrections to
_ measured My,M; .... +
14 B Direct search limit)
0 | Excluded ..;."'*‘:. /i Preliminary |
30 100 300

m,, [GeV]

If the minimal standard model is correct expect a “low” mass Higgs (~100 to 200 GeV)
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Higgs Production and Decay

Dominant Higgs Production Mechanism

H->Z7* Z->e+e-

Higgs Branching Fraction /

500 1000

M,, [GeV]
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The Challenge

Production Cross-sections

Fermilak
CERN i LHC

Ototal ~ 100mb

Find one event in 1013
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Backgrounds

Most of Giotal IS due to jet production

From DO at Tevatron:

Probability Jet to fake photon ~ 1 in 104

Jet to fake electron ~ 1 in 10°

CMS

A& Inl< .8

& 1ECInICLE
ce fit: axp(=7.520=—.01268E)
ec fltS exp(—6.725-0.02077E)

Also backgrounds from real e/y but these Al YOOTRIUTTTT D

tend to be smaller and more manageable

Need very selective trigger and excellent e/y reconstruction capabilities and

jet rejection
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Electron/Positron Energy Loss in matter CMS

Correctly described by Bethe-Heitler Model

Y
| ||_|||||||| I I ||||||| I UL
e-/e+ ! o Tosa
- Pt Leed (Z =82 .
_Ela-:tr-:lnl i
Nucleus Eel —01s
Bremstrahlung mﬁh - :%"
(radiation of photon) i Joxa *
' 05 .
de E X - 180A oos
- 0 2 i
dx X, VA ]
1 10 100 ~ oo

Electron energy loss primarily by Brem at E > E_ (~20 MeV) and
ionization below. Brem Radiation probability depends on radiation length X,
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Photon Energy Energy Loss CMS

e- P=probability of pair production

e+ o

e-/e+ B——P— o

FOS

. . o4
Pair Production o5
0=

a1

oo

Photon ensrey (MeW)

Photon energy loss primarily pair production at E > E. (~20 MeV) and
Compton Scattering below
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Brem+ Pair Production = Electromagnetic Showers |[CMS

A reasonable model of this process:

|
|

| |

|

| /I/ 1. Each electron E > E_ travels 1 X,

|

|

|

I

|

: J\;:\‘\r : and gives up 50% E to photon

: : : J\N\‘\ 2. Each photon travels 1 X,and pair
| | produces with 50% E to each

| | |

; : : 3. Electrons with E«< E_ lose energy
: : : by ionization

| | |

0 X, 2X,

: E
Can show that Max number of shower particles occurs at: X, oc In( % )

EO
Total charged track length: L oc E

C

Measure Energy by measuring L with ionization or scintillation
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(1/Eq)dE dt

Electromagnetic shower Profile CMS

Longtitudal Profile Lateral Profile
GJ.EE : I 1 1 1 | 1 1 1 1 | I 1 1 1 | 1 1 I I__ lm
n 30 GeV electron
0.100 — incident oniran 7 g ﬁ
- n !
0.075 i a’
- ] ¢
0.080 — —: 10 &
: 1 1
0.025 =20 =
o000 2 5 L L 4 Moliere Radius: R =~ X,
+ = depth in redistion lengtha (from multiple scattering)

To contain >99% shower need depth of material ~ 25 X,

To measure lateral position accurately need segmentation ~ X,
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Sampling vs Total Absorption Calorimeter CMS

Sampling Calorimeter Total absorption v/
calorimeter =

Lead- causes shower

NS

Photon
// \\ Detector
-/ ™ .
3 Scintillator
W Scintillator both causes shower
Active Detector (ionization chamber or and s active detector

scintillator) to measure total track length L

Cheap with poor resolution Expensive with good
~2.5% for 100 GeV Photon Resolution ~0.5% at 100 GeV
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Higgs Width

{1 Less than 10 MeV ( 0.01% of M+) in
: H->yy range

100 200
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When reconstruct the resolution of
Mu(yy) will be dominated by
experimental resolution
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Reconstruction of H->yy

8000 |-

Events/500 MeV for 100 fb—1

4000 |-

7000

6000 |-

5000

_Measure photons in ECAL and
form invariant mass myy

m = \/ 2E ,E,, (- cos@mzj

CMS

// Width of peak determined by Energy resolution

mWZ

E E, tan(d,/2)

71

Am 1{AE71®AE72@ AG,, ]

110
a)

120 130 140

(angular resolution also but limited by vertex resolution)

The significance of sighal maximized by best possible energy resolution
in calorimeter. Use total absorption calorimeter

(Note this plot for 100 fb-1 = year 2012-2013)
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The LHC Environment

Compact Muon Solenoid

Bunch crossing rate : 40 MHz

Year Luminosity Integrated
x103% cm=?s- | Luminosity
! fbo-t

2007 0.005 0.02

2008 0.03 1.2

2009 0.1 4

2010+ 1.0 40

Every 25 ns: upto 20 p-p interactions and up to 1000 charged particles
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Lead Tungstinate (PbWQ,) Scintillating Crystal

Conduction Band
% -
excitation WMy

rom charged :
rack in shower

v

Valence Band

Very Dense (X,= 0.9 cm) — it's a transparent lead brick
Single Crystal which emits fast green scintillation light

Crystal acts as optical waveguide and light internally reflected onto photo-detector
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Crystal Calorimeters in HEP

Date 75-85 80-00 80-00 80-00 90-10
Experiment C. Ball L3 CLEOII C. Barrel KTeV
Accelerator SPEAR LEP CESR LEAR FNAL
Crystal Type Nal(TI) BGO CslI(TI) CsI(TI) Csl
B-Field (T) - 0.5 1.5 1.5 -
Finner (M) 0.254 0.55 1.0 0.27 -
Number of Crystals 672 11,400 7,800 1,400 3,300 {
Crystal Depth (Xo) 16 22 16 16 27
Crystal Volume (m?3) 1 1.5 7 1 2
Light Output (p.e./MeV) 350 1,400 5,000 2,000 40
Photosensor PMT Si PD SiPD WS%+Si PD PMT
Gain of Photosensor Large 1 1 1 4,000
on/Channel (MeV) 0.05 0.8 0.5 0.2 small
Dynamic Range 104 10° 104 104 104

CMS: High Granularity to decrease occupancy but increases cost ( ~$80-100 M)

PbWO is fast and radiation hard but has low light yield
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Crystal Density: Radiation Length

BaBar CsI(Tl) (10.56 GeV)

g _.__,4,- x

Full Size Crystals:

BaBar Csl(TI): 16 X,

L3BGO (90.1GeV)

L3 BGO: 22 X,

CMS PWG- (14000 GeV)

CMS PWO(Y): 25 X,

CMS Crystals: ( X0=0.9cm) 23cm in length

Transverse size of CMS crystals ~ 2.2 cm x 2.2 cm  (Moliere Radius = 2.2 cm)
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Fast Scintillation to reduce Pileup

Comparison of Signal Pulse from Crystals

Csil(th — T
BaBar | T |
T=1250ns  CslTI)
e
N _ Cvs Sampling window
PbWO fﬁ K2500
CMS |,' o= 310 ns <
(]
Ezooo
El
£1500
Pileup reduced by fast pulse, granularity. 1000
Effects of pileup reduced to negligible with 500
digital filtering of 10 sample (25ns each)
Window. TN .
10 1 2 3 4 5 6 7 9
clock unit (1 unit = 25 ns
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The ECAL CMS

——ee——

a-"'"- -I"‘-.‘:_:d;ll.I{'I-:‘lld.':I
1 .|'| dlu’r_..-* a-""- k1) .
Pt .
I ol Preshower (SE)
LT =10 I ———
1.]‘__;--____- o P ———
It X Endcap
i A7) ' ECAL (EE)

Parameter Barrel Endcap
n Coverage [n|<1.48 1.48|n|<3.0
Granularity (AnxAg) 0.0175x0.0175 varies in n
Crystal dim (cm?3) 2.18x2.18x23 2.85x2.85x22
Depth in X, 25.8 24.7(+3)
No. of crystals 61.2 K 14.9K
Modularity 36 supermodules 4Dees
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The CMS experiment CM>~

SUPERCONDUCTING CALORIMETERS
COIL ECAL HCAL
Scintillating . o
Plastic scintillator/brass
sandwich

IRON YOKE

Ly

Silicon Microstrips
Pixels

‘ofal weight : 12,500 t

MUON
yerall diameter - 15 . ENDCAPS
werall |elﬁ$ﬁ “216m MUON BARREL

lagnetic field : 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
Chambers (DT)  chambers (RPC)  Resistive Plate Chambers (RPC)
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ECAL Crystal Matrix Production CMS

Single Crystal

Assembled module
L A

Module mounting




CMS Barrel Installation
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CMS Endcap ECAL
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CMS Endcap ECAL CMS

Deel lowering and Deel mounting on HE Dee2 mounting on HE

rotation 19 July 08 22 July 08 24 July 08
Auguesp obg 2008 COolizockesisaniat UCB UNIVBRSITY OF

NOTRE DAME




Lead Tungstate Properties

Radiation resistant to very high

doses.

—*initial -

8 8 8§ 8 8
i —

—V after irradiation{

S

o

Transmission T(%)
8

August 7th, 2008

350 400 45 500 550 600 650 700

wavelength (nm)

O
\\5

300 0 —
| | | | 5
temp. coefficient (%/°C) % _
250 ¢ N2
e 11J|]‘ 9:
3 4 , T
= 200 . -2 @
= I_Jll 3
@ E E=
= 150 138
.gl 5 m
a ¢E:3 5
100 = light yield {au) _|_4 g
=ty ==
“omo g
50 | | | | 52
- 40 =20 0 20 40 B0
Temperature (°C)

Temperature dependence ~2.2%/°C
— Stabilise Crystal Temp. to <0.1°C

Formation and decay of colour centres

in dynamic equilibrium under irradiation
— Precise light monitoring system

Low light yield (~1% Nal)

— Photodetectors with gain in mag field
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Specially Developed Photodetectors

Barrel : Avalanche photodiodes Endcaps: Vacuum phototriodes |

Two 5x5 mm?2 APDs/crystal More radiation resistant than Si dlodes
- Gain: 50 QE: ~80% (with UV glass window)

- Temperature dependence: -2.4%/°C - Active area ~ 280 mmz2/crystal

-Gain8-10at B = 4T QE~20%at420

-!II.;‘-{ i ) v : 40
yoz, contact & >‘
M1
p** photon conversion :
= p e acceleration $=26.5 |
. N mm B
™ n e multiplication =
— - - H 4.5
n-e drift i Py

. SEMITRANSPARENT
- n** e  collection PHOTOCATHODE — DYNODE
<~ contact MESH ANODE
Colin Jessop at UCB UNIVERSITY OF
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Monitoring and Calibration

RIR,

E n=0.92
0.998 |— Transparency changes
000 [ Rad Damage from 1-2% (Barrel) to
" F during run . . 0
— J Self Annealing during > 10% (endcap) over

e ill time course of a run
0.992 |—
0.99 — _
o7 TR _. Precision Laser Monitoring

- \ \ ; o s : System essential to avoid
0.986 |— . s . * . . .

- 1 A S : vere resolution r lon
Soai b . W N Severe resolution degradatio

= i i | i i i i | i i i i I i i i i | i i i i | i i i i | i i i i

0 10 20 30 40 50 60

time (hours)
In situ Calibration from W->ev, n0->yy , Z0->e+e-, Z->uuy essential to
Achieve design performance
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Laser light monitoring system CMS

Colour centres
These form in PbWO, under irradiation
Partial recovery occurs in a few hours

Damage and recovery during LHC cycles
tracked with a laser monitoring system

2 wavelengths: 440 nm and 796 nm

55600:.‘...‘.‘..|‘...‘..‘. "Zl
S sof R RPRERE = 4 0.15%
8 - =
Q ss00E- ﬁﬁggﬂ —_T 1%
< B ﬁsﬁ‘ﬁi}iﬁﬁﬁg ]
@ 5450 S L L1 =
Light injected into each crystal using quartz 5400 £ E
fibres, via the front (Barrel) or rear (Endcap) =0 Black: during irradiation  _
o of Red: after E
Laser pulse to pulse variations followed - normalisation -
with pn diodes to 0.1% L E
Normalise calorimeter data to the measured time (h)
changes in transparency Electron signal in crystal

versus time (h)
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PWO Crystal ECAL Resolution CMS

(Measured in Ideal conditions at testbeam. Reality later. ) v/

Measured Resolution

Designed Resolution 6(E)/E < 1% if E > 25 GeV
(E)/E ~ 0.5% at 120 GeV

— B T T I | T I I T | T T T T | I I I I | T I T T ]
= X 14F .
W - CMS ECAL Test Beam ]
= 12L Resolution in 3x3 ]
| E..- i — 685 1085 ]
© - - 684 1084
_ 1 -683 | |-1083] —
i — 705 11056 _
— - 704 1104 —
SR 0.8 ~703 | |-1103] —
@ L 725 1125 _
= 724 | |—-1124 -
© 0.6 _ _ ]
T Intrinsic T {{{11] - 723 11123
" Photo 0'4__ Eﬁ%
Noise 02:_ —:
B | . | 0: | | | | | .
: L0 100 1000 0 50 100 150 200 250
E[GeV] E (GeV)

August 7th, 2008 Colin Jessop at UCB UNIVERSITY OF

NOTRE DAME



Preshower Detector CMS

o

\

L

A

Initiates early showering

i

and measures position
accurately with silicon strips

I

—_—

-3z 7236 Endcap
ECAL (EE)

Lead Radiator

ely

X y
Silicon Strips
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Preshower Detector for nt® rejection CMS

H->yy photons: Barrel 20-50 GeV
Endcap 50-100 GeV
(50% v in endcap)

F |
= | | r
: i With h r
Photon Seperation (crystals 22mm x22mm
E:0 <AXxyy> Preshower Si strips 1.9 mm) | endcap R
(Gev)  (mm) a 1
25 25 ; s
50 15 g
200 4 F M |
il bk b=t bt =t — bl
] mi A1 Fell E AT LR 13401
Resolution degradation due to shower =
fluctuations significant at low E only T Or
] Py
ui}
c
o 40+
Wg=17
20 FE A =24
#1G6<n=26
T
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Preshower detector

Motivation: Improved ny discrimination
Rapidity coverage: 1.65 <|n| < 2.6 (End caps)

2 orthogonal planes of Si strip detectors behind 2
X0 and 1 X0 Pb respectively

Strip pitch: 1.9 mm (63 mm long)
Area: 16.5 m? (4300 detectors, 1.4 x10°channels)

High radiation levels, dose after 10 yrs:
2 x 10 n/cm?, 60 kGy => operate at -10°C

A micromodule with
its silicon sensor
(32 channels)

90% of micromodules
have been produced

63mm

Preshower installation expected during winter shutdown

AugzMéQO8 Odieockesisapriat UCB
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H->yy Event

Note EM shower
localized to just
a few crystals

\ <
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Barrel - commissioning

EB- EB+ .
Commissioning Presence of & o "

The 36 Supermodules of the Barrel ECAL  gpaft
have been fully integrated into the trigger
and readout chain of CMS

The detector has participated in several
months of CMS cosmic runs and has
recorded millions of cosmic ray events

The commissioning has been extremely
important for debugging the trigger and
data paths and for timing in the trigger

L9E LPE LEZE LOE BT 19T LFE LZT LOZ LEL LOL kFL LEL LOL L 19 b LT

primitives
=
CMS is now able to trigger with the full - n - -
Barrel ECAL * *
A plot of over 3.2 million hits in the Barrel
ECAL from cosmic ray triggered events in CMS
Auguesp Zobg 2008 Colizockesisapniat UCB UNIVERSITY OF
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Barrel - commissioning

ﬁiiﬁ _.flen!tx F’?xi Wirgow 20} !I'.-':‘Iﬂ

1
7r o

Emax = 0.7 GeV

Energy
‘ 250 — 300 GeV

17.4f910.2 Fps

30.7/0.3

A cosmic ray event in CMS involving A dramatic cosmic ray muon
the Barrel ECAL and Muon Drift Tubes bremstrahlung in the Barrel ECAL

Augesr Zohg 2008 Colizocke t UCB UNIVRRSITY OF
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Material in Front of Calorimeter

All Tracker

W Beam Pipe

W Sensitive
Eleciromics

W Support

W Cooling  ped

X/X,

Unusually large amount of material in front of Calorimeter (0.4 to 1.4 X,) from

Silicon tracker (c.f. BaBar 0.4 X, )
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Electron Bremstrahlung

CMS

10 Bremsstrahlung spectrum for
& :
5 electrons with
% 10 4 P.=356eV and |n|<1.5
~ Mean energy loss =43.6%
o
10°
©
10°

E

40 50

GeV)

brem (

Electrons brem in tracker material and bend in ¢ in 4T mag field so cluster

energy is distributed in ¢.

35% electrons radiate more that 70% of energy before ECAL

10%

August 7th, 2008
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Reducing Jet background to ely CMS

Four tools: Shower Shape, Isolation, Track Matching, E/P

|solation: E{(HCAL)/E«(ECAL)

Lateral Shower
shape

ECAL Et/Track Pt
~

N

Isolation HCAL Et

Y d

_ |solation: ECAL Et
Track Isolation

and matching
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I P NOTRE DAME &



Level 1 Triggering (Hardware) CMS

Lateral profile in 1 Isolation using trigger towers y 4
. Trigger
slices IIIIIIIIIII: >

Tower

> E
O
b O
¢ N
O
I O
O
— O
B
. HCAL
ECAL

Crystals

No tracks in trigger so ely is just a cluster. Use isolation and lateral shape to

reduce jet background.
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High Level Trigger (HLT) CMS

L1: Possible to trigger on combination of up to four isolated or

non isolated clusters.

Thresholds: (~100% efficient for H->yy and H->Z(ee)Z(ee) with ely in fiducial region)
Single Isolated: Et > 23 GeV
Double Isolated: Et> 12 GeV
Double Non-Isolated: Et > 19 GeV

HLT: Software trigger that adds, superclustering, tracking and partial
or full reconstruction to give a full set of analysis tools for jet rejection.
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Bremsstrahlung recovery in clustering Cy
=

For a single e/y that does not brem or convert cluster size is typically
about 3x3 crystals (94% Energy contained) .

search ﬂ\Ltep 1x5 domino p. / - ﬁ_
- - / _

1x3 domino
seed Cryst\al\ /
IS = ' Default ¢-road
n ¥ +0.17 rad -Barrel
A + 0.2 rad -Endcap
sub-cluster sub-cluster Single electrons P;.30GeV
> 2
103:-

F most energetic
' " 1 b-clust
Recover Brem by making “superclusters”  sub-cluster

which are a cluster of clusters in ¢.

(Hydrid/Island algorithms for Barrel/endcap)
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Example of an Electron reconstructed in ECAL CM/S
— =
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Cluster Position Algorithm @(

Cluster position # .

X =
> W,
N Y —
S 4'# W, =E;|
E “ .I.. l‘ Ai' g
A ALY *, $% e
GR=—=—= LA S
§ ® ... .' .‘ "o
£2 % ° %—* . .
= ° 9 ) 4 \
] Y B -
| 4 | |
0.18 0.2 0.22 0.24 0.26
true
.
§ 4 i
3 W, =W, + log
“"";, 2 Z i
= o, | onve SN Y
@ LN L "y
2
=
4
0.18 0.2 0.22 0.24 0.26
true
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Electron Reconstruction using ECAL and tracker

1. Find SuperCluster in ECAL

2. Use primary vertex to construct a presumed
trajectory between SuperCluster and Vertex

3. Look for pixel hits in window about trajectory

4. Using pixel seeds build trajectory in to out
and look for associated silicon tracker hits

and look for
compatible hits
5. Fit trajectory

6. Correct Cluster Energy for energy loss in material

August 7th, 2008 Colin Jessop at UCB UNIVERSITY OF
J P NOTRE DAME




The Gaussian Sum Filter (GSF)Tracker|CMS

Kalman Filter introduced to take into account of energy loss in material
when technology moved from gas to denser silicon trackers.

P’ = P- <Ejoss> COVar(p’):Covar(p)'covar(EbSS)

(P,covar(p’))  More efficient, better covariance matrix, get
measure of Pin at vertex and at Poutat ECAL

Compare Pi,-Poyt (tracks) with
Ebrem (ECAL)

Kalman uses Gaussian model of losses. GSF
approximates correct Bethe-Heitler model of
loss with sum of Gaussians

pin-pout (GEV,C)

L l.5 1 1 1 I10 I- 11 I'1|5I III I2|0-I 1 1 I2|5l 11 13|(}—
. Radiated energy (GeV)
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Classification of Electrons CMS

Classified according to whether Brem has been fully

Recovered and whether emitted photon has converted
Correlates to resolution

5 [T oo Il
1. Golden Electrons: less than 20%  <,,,F|~ 90den E
) ] o big brem .
brem which is fully recovered |- narrow E
25005 showering 3
2. Big Brem: >50% brem which is 2000~ E
fully recovered 1500 =
. . 1000f— _f
3. Narrow: 20-50% brem which is - .
fully recovered S00 E
_ o Bs oo T 0es s
4. Showering (Bad). Brem which is ErecEurue
not recovered due to photon
conversion
About 60% of electrons between 5 and 100 GeV are in class 4 (Bad)
; UNMIVERSITY OF
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Electron efficiency

Electron Efficiency for H->Z(ee)Z(")(ee)

¢

Loago00F" L T T T T T T T TR 4
§20000 ;— & ':: H—ZZ*—4e . —_—
D100 ;14 my, = 150 GeV/c® 3
b~ = S =
* 16000 1 =
H%ZZ( )946 & 14000 IE_. .!l e e lowest p_electron |7
‘Euoou;— JJ Y 1 — highest p. electron |
Using all classes of electron e TR E
. : 8000 i E
(after Triggering) sioe: 1 4 @ E
4000 - 3
2000 J ) .
O~ —""%0 40 Te0 80 100 120
1 pt [GeV/c]
- L= e I I I
0.9F _—
- 2 oof =
0.8 E = =
0.7 o 0.8 =
0.6 E U.?;— _;
0.5 S osp E
| B .
0.4 -o; 0.5: |
0.3 % 04F E
0.2 03[ =
0.1 0.2 =
“EE - 3 H—-ZZ*—4e m, =150 GeV/c* E
% 20 40 60 80 100 120 140 160 180 200 Bl
e -2 -1 0 1 2
[ [GeV/c] N
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Photon Reconstruction - Unconverted Photons

ol
—
— B _Data
T 500 Barrel neas™ e — ]
Li | Lm = maa’ n RMS 0001564 Barral ¢mm-¢ n ::. .aﬂ::
E S0 :_ G00 E_
400 F F £
C 400 :_ | =11 ;—
r ; anaf-
300 *E ol
C 200 E
C 2001
200 " E |
2 b ry T ? oom o7 0018 T oas 0 T ey 0.01%
100 E
9 E
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Photon Conversions in H->yy

Intearated fraction of converted photons (%) Simulated photons from H-> vy |
e 60 "~ T T T T T ] T T e
‘g C ] -0:250’ N —!_rr”f
g sof = S PH
= ] Z ok ] M
g 40k = o T i ]
8 . 1ok All photons 1
s %F g E (I ]
:g 20E : 100;_,_‘Jr— e e 8T Mq_l_
% 10; sof- 7 __’ el —J

: g Converted photons

o) ITEFIFIFE PP PP Al P f T T PEETE AR T
0 20 40 60 80 100 120 25 -2 15 -1 05 0 05 1 1.5 2 2.5
Simulated conversion radius (cm)

~44% of photons from H-> yy events convert

Of all conversions

~25% occur late in the tracker (i.e. with R_,,, >85cmor Z_,

as un-converted photons as for energy resolution in ECAL
~20% occur very early in the pixel detector

> 210 cm) - good
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Arbitrary units

Photon Conversions CMS

0,16 T T | T T T T | T T T T I T T T T
r n £ | T |
0.14 | ; S 100
- |nl<1.4442 : 2 ;
012 |- - i i
B N 50
01l = Golden photons ] - -
- — Conversions in TOB ] i ]
008 [- — Conversions in TIB ] o B
- Conversions in PIX ] [ ]
0.06 [— | - i
wos [ Default SC p-size e sof ]
0.02 . i ]
r . -100
0 - . L i i 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 _
0.8 0.85 0.9 0.95 1 1.05 1.1 500 E100 5 Ty Ty
E. /E Z(cm)

Early conversions (near vertex) degrade resolution significantly if use
standard clustering algorithm. Need conversion finder.
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Finding Photon Conversions CMS

Start from SuperCluster
Do out to in tracking with GSF X

Find tracks that intersect

y T e
100: /// \\
o / 7 \ \ About 75% efficient for R < 0.85 cm
of| ) ] (trackers extends to 120cm) Significant
; ‘\ \3( / /ﬁ Improvement in resolution but still worse
-0} \\\;X than unconverted photons
_‘IOO: \ Q.2 // : .
[ i . For R > 0.85 conversions do not degrade
oo s 0 e i X resolution since electrons tend to fall
within normal supercluster
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Events/500 MeV for 100 fb—1

8000

7000

6000

5000

4000

Conclusion

Straight forward counting analysis using e/y described
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Events / 2 GeV/c?

H->Z7*->4e
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US Institutes in ECAL / ely

US ECAL is managed by Roger Rusack (U Minn. )

Hardware R&D

Caltech:  Laser Monitoring System, Crystals
Minnesota: APD readout

Testbeams, Construction and Commissioning

Caltech,FNAL,KSU,FSU,Minnesota,Notre Dame,Virginia

CMS

Calibration, Reconstruction Software and Data Analysis with electrons and photons

Caltech,FNAL,KSU,FSU,Minnesota,Notre Dame,Virginia

All in close collaboration with the many institutes comprising the CMS collaboration !
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Preshower detector

Motivation: Improved ny discrimination
Rapidity coverage: 1.65 <|n| < 2.6 (End caps)

2 orthogonal planes of Si strip detectors behind 2
X0 and 1 X0 Pb respectively

Strip pitch: 1.9 mm (63 mm long)
Area: 16.5 m? (4300 detectors, 1.4 x10°channels)

High radiation levels, dose after 10 yrs:
2 x 10 n/cm?, 60 kGy => operate at -10°C

A micromodule with
its silicon sensor
(32 channels)

90% of micromodules
have been produced

63mm

Preshower installation expected during winter shutdown
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The first full Dee absorber with a
complete complement of sensors
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Laser light monitoring system CMS

Colour centres
These form in PbWO, under irradiation
Partial recovery occurs in a few hours

Damage and recovery during LHC cycles
tracked with a laser monitoring system

2 wavelengths: 440 nm and 796 nm

55600:.‘...‘.‘..|‘...‘..‘. "Zl
S sof R RPRERE = 4 0.15%
8 - =
Q ss00E- ﬁﬁggﬂ —_T 1%
< B ﬁsﬁ‘ﬁi}iﬁﬁﬁg ]
@ 5450 S L L1 =
Light injected into each crystal using quartz 5400 £ E
fibres, via the front (Barrel) or rear (Endcap) =0 Black: during irradiation  _
o of Red: after E
Laser pulse to pulse variations followed - normalisation -
with pn diodes to 0.1% L E
Normalise calorimeter data to the measured time (h)
changes in transparency Electron signal in crystal

versus time (h)
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