Northeastern
University

Energy Reconstruction
and Electron & Photon

Performances
with the CMS ECAL in Run |l

' ’
IIIII

RAFAEL TEIXEIRA DE LIMA,
ON BEHALF OF THE CMS COLLABORATION

XVII" International Conference on Calorimetry in Particle Physics

May 15 - 20, 2016, Daegu, Korea (South)



ELECTROMAGNETIC CALORIMETRY AT THE LHC
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CMS ELECTROMAGNETIC CALORIMETER (ECAL)
Preshower ECAL Endcap

CMS ECAL Must Provide:

| S

‘\\\\\\\\\\\\\\\\\\\-K/ i ® Precise energy reconstruction resolution

'... - ’_//f // =

Precise position resolution for reconstructed
deposits

® Fast and efficient readout for online
selection (DAQ & Trigger)

ECAL Characteristics

61200 PBWO,
Barrel (EB) | Inl<1.48 Crystals i ~26Xo
Endcap | 148 <Inl< | 14648 POWO: = .
(EE) 3.0 Crystals ' 0
e S Crystals
roch 165<Inl<  137200Pb/Si Y —
resnower 26 strips ° ECAL Barrel ; /
5 5 Supermodule 59.0 cm
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FECAL CRYSTALS AND READOUT

ECAL PbWO, Crystals

Homogeneous medium

Fast light emission = ~80% in 25ns
® Short radiation length = Xp = 0.89 cm

Small Moliére radius =@ Ry = 2.10 cm

Emission peak = 425 nm

Reasonable radiation resistance

PbWQO, crystal
grown in ingot

PoWQO, Crystals have low light output and must work under
a 3.8T field: challenge for readout

Barrel: f Endcap: \
Avalanche photodiodes (APD) Vacuum phototriodes (VPT)
e Two 5x5 mm? APDs/crystal e Active area ~ 280 mm?/
e Gain: 50 crystal
e Temperature dependence: e Gain 8-10 at 4T
-2.4%/°C (precise e More radiation resistant than
temperature control: < Si diodes (with UV glass
- 0.03/0.08 oC in EB/EE) ~ window) J
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LHC, CMS AND ECAL@RUN I

Total Integrated Luminosity (b ')

m 6.5 TeV/beam ® New luminosity ® Link between ECAL
® 25ns bunch spacing detectors DAQ and calorimeter
® 2015: ~10 interactions ® Upgraded L1 calorimeter trigger upgraded
per bunch crossing trigger (optical)
® 2016: projected ~40 int. ® Upgraded data ® DAQ/Trigger Software
per bunch crossing acquisition (DAQ) HW upgrades
® Among others... ® New online pulse shape
CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV reconstruction
Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
4.5 o . : 4.5
B LHC Delivered: 4.22 1 ' Detector Active Fraction
4.0 77 CMS Recorded: 3.81 b | 4.0 e — I End of 2015 pp
S (November)
3.5 Bl Beginning 2016
Offline Luminosity (April)
3.0/ e
Recorded @ 3.8 T = 2.8 fb-1 —_—
23 | Good for all: 2.2 fb* ‘ >98% of
2.0f [ Good for many*: 2.6 fo* HE  —— channels
HE ———— o ctive in ECAL!
15| T . -
Preliminary luminosity uncertainty: HO |
1.0 48%@50ns DT |,
4.6% @ 25ns e
0.5 CsC
20 925 a5 975 100
0.0 Y
\‘\o N p\’ Fraction (%)

Date (UTC)
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RECONSTRUCTING ENERGY WITH ECAL

Laser Monitoring B Intercalibration Global Scale

Energy

Cluster
Corrections

Sorpoors By = Ral Si(1) X i X 4] X G(7) X Fey

and electrons

CMS ECAL Energy Resolution

® Uniformity and stability resolution

(intercalibration and monitoring) required <
0.5%

® For barrel photons, 1% energy inclusive
resolution achieved in 2012 for unconverted/
late-converting photons (from H—yy)

Events / 0.5 GeV

180
160
140
120
100
80
60
40

Effect of laser monitoring (LM) and intercalibration 20

(IC) corrections on the width of the Z—ee process
with 2012 data and calibration procedure
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ONLINE PULSE SHAPE RECONSTRUCTION New in Run II!

CMS simulation, Vs=13 TeV PU=20/BX, 25 ns
S 8F
M | ofo R ° (‘b‘: é ) One time
ultiTit Reconstruction 5 7|~ e Observed signa
5 [ — Totalpulse —— sample per
_ ] N In-time pulse .
® Online pulse reconstruction method - = Outof-time pulses bunch crossing
must be resistant to out-of-time 5— — B (25 nS)‘
(OOT) pile up us
® Solution: pulse shape is a sum of one 3= —*
in-time pulse plus OOT pulses 2F-
Time samples e Different pulses ‘;_ _\_\:
o. . . - 1 —
B T e o cONTrIDILITIONE AL T T 1 i P | ot o P e e e e e 8
. . contributions e ﬁ*ﬁ==4=J3 e S S
.. \'"4 o - Time sample
I M 2 ECAL BARREL, hitE > 1 GeV /s =13 TeV, 25 ns
10 . . q. 10°¢
9 (Ej:l AJ X p’bj SZ) E - CMS m weight method
X p— o [ o M multifit method
Z o2 - Preliminary
i=1 Si £
c Run | Pulse

® Upto 92 OOT pulses (one per time reconstruction

sample) also

® Minimize y? distribution for best reconstr.ucts

description of the in-time shape out-of-time
pulses

® Pulse shapes extracted from LHC
isolated bunches in 2015 (no out-
of-time pile up)

30 40
hit time (ns)
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FECAL CRYSTAL RESPONSE MONITORING

CMS Preliminary

s
. . 1.0 oo s st  —— f S
RS ot vam ==
Laser Monitorin A R . e e
() 0.8 A N : \ :\‘w"\w\/
m . - ‘\Q\ \’ - ; » - 1 DT "'\ ) S \-
N - 1 L - . M'{ - —
® ECAL crystals change response dueto 89 8'; i, \‘ Nty i N e TS W . i
. . . &) - . \
radiation exposure (time dependent): oo 05} ni<14 e " ﬂ
. 28 04| 15<n<1.8 & .. PRI, T SOOI b TN
change in crystal transparency and VPT B2 p3| 18<ni<21 o 5 N »
. o  21<In|<24 o : i
response in endcaps 02| 2a<ii<27 o S S S i
: . . ' 2.7 <|n| o '
® Response is monitored with a laser 2 12 F | 7/ -
system injecting light in every ECAL g o LA ..
y J g g ry 'é g 8 : ........... teesssaaahettetttsaneeehesanaaaannntelosentnnnnnnntsannnnnnen ensionasttetesesabesannnsasasasnnnsrnnnnes S - A _.5
= ]
crystal 0% 4 ﬁ 14, | ‘T
. I —d ! LN 1 . b 3% K.._.: 1; ‘,n | 'y | ! 1
® PbWO, crystals partially recover == 0 &
: : . N N N N \Z Z NZ N &) &)
U AN ST ST S \ P\ SN AP
during periods with no exposure O AR N IR $ P
® Monitoring corrections obtained/ date (month/year)
applied promptly (~48h) S 1.04f-CMS 2015 Preliminary, . | .y ser monitoring correction-—] | [WMean 1],
b (Vs =13TeV,L=25f" o without laser monitoring cofrection ] RMS _0.001537
HH AV Q = : : § . Mean 0.9401
® Stability: interpolate 2nd of 3 TR £ . SR S S—— —— 1 Y L
consecutive readings << required 2 i Syiem) SO seg A PP, | " —
= [ i : : : : : N
0.2% ° z z § z ; .
€ 0.98f | | |
Effect of monitoring corrections by 098 A 5 5 g ;
comparing energy of electron reconstructed 094 5 ‘."M """ . - b‘ :
by ECAL (E) and tracker (p) 0.92;ECAL.B?rreI.........f ................ ................ .......... i
1 1 1 ] 1 1 1 N I S B B |
1709 24/09 01/10 08/10 1510 22/10 29/10 0 200 400 600

date (day/month)
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RELATIVE CALIBRATION OF SINGLE CHANNEL RESPONSE

: : c 00— 4 CMS Preliminary 2.6fb™ (13 TeV)
|nte rca||brat|on (lC) 2 [ CMS 2012 Preliminary - ECAL barrel | &% | | | ]
[S] - - 1 ¢ 3.5 ECAL barrel =
. SL_D 0.03 o q;,ﬁﬁ','g,',e"y ....................................... B 3_+ 2012+2015 phi-symmetry I
® Equalizes the response of each N 2L e a8 Y —w .
. ) 2 - | —e— combination 1 = 5 gl — electrons E
single crystal to the deposited |2 - - - § b _e_ combination
— . __ .............................................................. _._.__.._ ........................................ __ L 2:_ —h— ._.v._i
energy S [ - . . E - :
. = - e, s 1 8 150 - =
® Constants are normalized not to i I = B L L
| ‘ £ oot AT d4 2 L B i igive
interfere with absolute scale i i N B Soiases, os- <se o B
. . . FY—Y—Y—X—X—X—X o 1 9 05:_ oo B
Intercalibration strategy same as in Run | oL L | ] :
) ) ) ! | ! ) ! ! |
0 0.5 1 % 05 1
Method Description Timescale . Run | Precision (20 fb™)
Energy flux around ¢ rings (constant n) Barrel: <39
: . (o)
-symmetr should be uniform - IC corrects for non- i ~days
¢b-sy y o ; y Endcap: < 10%
uniformity
In a ¢ ring, use IC to improve M(yY) Barrel: <1.5%
n°/n—-yy ¢ , 9 . ¥ 8¥ 5 ~months E o
resolution for m° and n resonances g Endcap: < 10%

Compare isolated electron energy from |
E/p ECAL and Tracker, calculate ICto statistically limited
correct discrepancies |

Barrel: <2%
Endcap: < 10%
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ABSOLUTE CALIBRATION AND N SCALE

%10° CMS Preliminary

2717 (13 TeV, 3.87)

1 03 C.M.s Pre:hmlmafy |

2.7 fb" (13 TeV, 3.87)

S 1L AL A ] I T T
G 60| - 18 | e :
S o +- data o 20 FOEF « data -
Calibration with Z—ee Domsaton |5 | Clsmatator
g "l 3.8T & " 3.8T
® Electrons from Z—ee events are B ; I
used to calibrate the n - 101
dependence of the energy | o
reconstruction and its absolute _
scale 0 ok
80 90 100 80 90 100
® The Z peak is used to fix the m,, (GeV) m., (GeV)
overall absolute calibration (ADC ~_ (:CMS Peimnay 06’ (13Tev,0n  CMS Prelimnary 061" (13 TeV, 0)
to GeV), matching data to a s | | | | | & I ] |
detailed simulation of the detector & 5| *°  data | Spooo- FBEE  data -
® Z peaks reconstructed with % [lsimutation : % |_|simuiation
electrons in a single ¢ ring are 0 | 4000
used to correct the relative scale
between different n regions 2000}
80 90 100 a0 w0 100
Mg (GeV) M, (GeV)

OT: no energy loss in reconstruction due to bremsstrahlung — better resolution
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CLUSTERING RECONSTRUCTION AND CORRECTIONS

CMS simulation

[ |
2.5-[ |support Tube [JJj TOB B Pixel
L []TEC Il 1B and TiD [JJJ] Beam Pipe |

X,

Cluster Corrections

Large amount of material before
ECAL - high probability of :
bremsstrahlung emission for 0.5]
electrons and conversion for :

photons .
® * 3 min = = &

# Clustering algorithm gathers o o0 IETEII  BHRRAEE,  HI0, ST R 2T,
L. [0} " ECAL ] S ® 9 Eca BEma
clusters of energy deposit into O | b — g | O e — gieechme 3
50_ — — E's;:ovaw—i
superclusters to recover that 2 foomn } 2 % e ]
. i () [ 1 o : 1
- 4 > . .
information o 4o 1@ ef .
® Supercluster’s energy is corrected a0 - St 3
. . . 8 4.__ —
following a multivariate approach - o : 5 5
. [ B 3f -
see J. Bendavid's talk ; : : ;
[ - 2 ]
101~ - 3
b 1;’__ _‘;‘
— L S e J . i L P Lass

% 60 70 80 90 100 110 120 13 % 60 70 80 90 100 110 120 130
m(e*e) [GeV] m(e*e) [GeV]

For endcap e/y, energy deposited in the
preshower is added to the supercluster
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FECAL ENERGY RESOLUTION WITH 2015 DATA@3.8T

CMS Simulation Preliminary 13 TeV

— _I T T T | T T T T | L | | | L | T T T T | T T T I_
> C T
. . . . ) [ H—=yy All Categories
® The relative resolution is extracted from an unbinned ¢ ™} ]
° ° ° . . . LQ B N
likelihood fit to Z—ee events, using a Breit-Wigner o 12 4+7Simulation -
function convoluted with a Gaussian as the signal model ¢  1oF -
c ~  — Parametric B
. . . . . 2 - model M., resolution
® Large improvement by recalculating calibration with & s Yy
. . . C 1 —
2015 data (winter re-reconstruction) with respect to 6 Ty = 1.94 GeV in H=Yy
L : : : [ Oefi/Mp ~ 1.59
initial calibration (prompt) with Run | values for 4[. FWHM =350 Gev et/ M %
intercalibration/calibration constants - §
20 B
Current resolution is close to what is expected after N S U N A N
. . . 105 110 115 120 125 13 135 14
calibration with 20 fb! of data m. (GeV)
Y
0,08 Low bremsstrahlung electrons 25" (13 TeV) High bremsstrahlung electrons 25 fb” (13 TeV)
SIS » Simulation (20 fb™' precision), R = 0.94 L a1 0'08; Simulation (20 fb"' precision), R_ < 0.94 LR
~ F ° CMS | L, ook ’ CMS °
w07 ——e— Prompt reconstrucﬂon.R’ =094 — w0.07L ——e  PTOMpt reconstruction,R.<0.94 =
o . _ . Preliminary 1 © - Preliminary -
- - Winter2015-2016 re-reconstruction, Ro =094 . - Winter2015-2016 re-reconstruction, R’<0.94 -
006" A 3 006p s . E
- . . - . ’L: E . .
0.05F : : : + +H  0.05F : Mo I
: : : s Pt . - z ot +F ]
0.04f : D T s TP 0.04f i t e e
: T i T S : L 3
0.03¢ 5 ! h—*—; w4 0.08F ; — E
- ¥ | —— | - e s - ' - >’ —
s o . F e - ]
0.02 e g - 0.02 T+ Rl o E
0.01 - 0.01 i 3
. : : . - : : : : ;]
0P 1 1 L L l L L A L l l: L L A :l L A | 1 l 1 1 1 1 O’_ i 2 | 1: l 2 2 A'l 2 l l: 1 ] 1 :l | 1 L 1 l 1 1 1 |
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
Supercluster | n | Supercluster | n |

Rafael Teixeira de Lima (NEU) - CALOR 2016, Daegu - South Korea 13



ENERGY RESOLUTION FOR HIGH ENERCGY PHOTONS

> EBEB + Data
(g ek — Fit model
® Impact of recalibration also important for high energy photons < ¢ e
2 B N
® Possible saturation effects corrected with multivariate .% 0 T ] %
: 0
approach: L

Saturation impact on energy scale < 2%

® Data/MC energy corrections stable to 0.5% (0.7%) for

photons up to 150 GeV in barrel

CMS Simulation

(13 TeV, 3.8T)

(/)] [
= -
% 0'35: m = 500 GeV i EBEB
“— e -4
(@) | — =
: 0_3:m 1.4 x 10 ]
S o5 —Prompt-reco [[
L - i
02F Re-reco
0.15
0.1
0.05F
O : 1 1 | 1 1 1 | 1 1 1 I | | Il Il |
440 460 480 500 520 540 560
m,, (GeV)
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0.1

0.05

CMS Preliminary 2.7 fo' (13 TeV, 3.8T)

400 600
m, . (GeV)

CMS Simulation (13 TeV, 3.87)

! m = 500 GeV i
- —==1.4x10"

—Prompt-reco
—Re-reco

Chs, |

800 1000 1200 1400 1600

e
540 560
m,, (GeV)

| | | | | |
500 520

| | | |
480
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SUMMARY

® The CMS Electromagnetic Calorimeter has
performed well with 2015 data of the LHC Run |l

# New online reconstruction algorithm in place to
mitigate the expected ~40 PU scenario in 2016

® Energy resolution, calibrated with 2.5 fb™! of 2015
data, is close to expected value with 20 fb™

® o¢/E < 2% (barrel central region)

ECAL (and preshower) is currently fully operational
and taking 2016 data!
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