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nysics motivation
HC,ATLAS, and CMS

ectromagnetic calorimeters: layout and calibration

[
U m — O

noton reconstruction
® Window algorithms
® Conversion reconstruction
® Pointing and vertexing
® Energy
® Regression MVA
® Scale, cross-checks, material
® Final identification / selection

® | ooking toward Run 2
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Phys. Rev. D 90, 112015 (2014)
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Ilf?)ﬁgllg?: College LHC, ATLAS’ & CMS

LHC Run |:7-8TeV, 50ns, ~20 PU
® Run 2:13TeV, 25ns, ~40 PU
CMS: 3.8 T solenoid, all-Si tracker

ATLAS: 2T solenoid, 7 Si layers +
Transition Radiation Tracker (TRT)
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® CMS:PbWOys4 crystal calorimeter
® ATLAS: Lead/Liquid Argon (LAr) sampling calorimeter

ATLAS

LAr hadronic
end-cap (HEC)

v W &
L9\
LAr electromagnetic /
end-cap (EMEC) /

LAr electromagnetic

barrel / //

LAr forward (FCal) o
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EM Calo Cells & Geometry

Towers in Sampling 3
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Intrinsic calorimeter resolution is not the whole story!
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Monitor variation of response vs. 2
time with light monitoring (LM) g
Tt and n decays g
(p-symmetry in minimum bias data §
E/p from isolated electrons in W/Z
decays

Crystal intercalibration

uncertainties: 0.35% (1.6%) in most
of the barrel (endcaps)
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CMS: Cell Calibration
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5 x 25 ns time slices

Ecen = Fua—smev X Fpac—pua l
1 Nsarnples

X Mphys x G X Z CLj(Sj

Mcali j=1

N\
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cMs, |

Electronic pedestal from
dedicated calibration runs

l

— D)

low, medium, and high gain

Correct for difference between calibration and physical pulses

. -~y 95— T T LI I B B -
() > = e
Corrected for HYV differences 8 ou amias - Uncorected
® Sectors with short circuits 3 %% \S=8TeV:det=20-3 B°  SrComeeed &
Vv 2P =
® Time-dependent presampler 91 .
response oo o Niripe # e WA
89F % E
° cIil)lffel*ldng energy responses zi— % E
epending on gain 3 3
P & § 86 0.4<n<0.6 =
® : _ = IR B i 1 | . . 1
E/p in W/Z tracks, @-symmetry B 1 : :
0
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® For Run |, both experiments use %Y % ‘\n
Nx¢ window algorithm - @ O
® CMS:if photon converts, large @ § WY/ 0 I $
spread in strong B field NIt éy N
® Barrel superclusters (SC), made .‘ J Q
from 5x| subclusters, may be NNEN
extended up to 5x17 |
® Endcap: multiple 5x5 matrices,
combined if overlapping Order | Layer | Any (units of 0.025) | Ady (units of 0.025) Seed
. | Middle Jvfllustcr ‘N;lustcr Nprecls ¢pnxl
® ATLAS: precluster from middle 2 | Strips Ngluster 6 or 8" Nmiddie micdle
: —> 3 |PS Ny 6 or & Nstrips » Pstrips
layer, then ‘sequentlally seed 7 gl s L N S
clustering in other layers
® Choice between electrons and Particle Type Barrel | Endcap
photon, and conversion-finding, Electron 3XT7 | 5X5
to determine window size Converted photon | 3x7 | 5x5
Unconverted photon | 3 x5 5 e
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® CMS relies primarily on R9 g + o Simulation :
variable to identify photons that 5 |
can be well-measured in ECAL % 0.6
@
>
® ATLAS uses explicit conversion S o4f
track reconstruction, benefits from 2:
. 0.
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00
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% 0.9E—*— Unconverted photons ATLAS Preliminary 3
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% 0 8:— —— Single track conversions JLdt= 33fb'1 —: % i
g 0 75_ —%— Double track conversions ' —E ;:',' i Simulation
o - = 3 0.2 =1
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Q - .- = Ke) i
kS 0 55_ e e e e e e e e Mo e e e Se Mle Mo St e Mle Xa Mo Ao T e Ty _E g 0.15F Converted y 1 -
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is vital E T i
. c140— ATLAS ® Z->ee (Data) -
® For diphoton mass = [ 1s=8Tev o Zeses (MO) i}
resolution in H =Yy 2120‘_ det=20.3fb'1 T
analysis [ A SPSSMC i
(@) . .
-

® For long-lifetime particle £1001- ‘%ﬁ B
searches [ ‘4— -
. . . 80_ ]
® ATLAS has direct pointing i —— :
information from 50 _“
electromagnetic calorimeter i > i
® Beyond this, for Hyy both 40~ gﬁ B
experiments use MVA’s with i %__:g* i
R . _ Y-2013-17 _
similar information to select Diget SES i
vertex (details in HYY talk’ R :I L1 1 | L1 1 | | I I | | | I I | I I | | L1 1 1 | L1 | I:

Musella) % 100 200 300 400 500 2 600| m 700
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Overview: Photon energy Corrections

London
3 5 ATLAS
simulation training of 266
MC-based  ={ 3| resolution
ely calibration smearing
EM MC-based calibrated
cluster ely energy ely
energy calibration energy
data longitudinal 4 : ) Zee
layer inter- == c%r;lrfgcrtingays 3  scale
calibration calibration
!
6 Jp>ee Z>lly
data-driven scale validation
® CMS strategy similar
® Semi-parametric MVA trained on MC
® Fine-tuning of scale corrections with Z — ee
® Resolution smearing
® Material studies and cross checks
S.Zenz - Photon Reconstruction 12 PPSHC2015 - 18 May 2015
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® Both ATLAS and CMS use MVA to correct initial cluster energy
® Inputs
® Raw energy,n, ®
® CMS: Position w.r.t. edges of cells, modules, supermodules: different gap sizes
® Shower widths
® Energy ratios between smaller and larger areas (e.g. R9)

® Energy ratio between layers (ATLAS only) or with preshower

5 8 TeV

1'q-_'l() LR TR B L e ] [ B e SR [ I S e [ o e Ry (TR BN DR [ B T 3 006_.| LB NN A ML B LAY LN AN LN BLELAL S NLEL LN S
g SCMIts Barrel - - ATLAS Simulation Initial calibration E
S 10* imulation H—yy, pT> 25 GeV 0.05 = MPV =124.48 GGV_:
E ’ PhOtOﬂS = : H—vf? ae" = 155 GeV :
9 - — MVA -
> 403 ——— Sum of pdfs E = ]
@ 10 b’ 0.04F V8 =8TeV MPV = 124.93 GeV —
= o,= 1.39GeV ]

10 0.03f ~
10 . b T b 11 0.02}- ]

1 I l Ikl E E

I ) | EGM-14-001 0.01F =

1 - -

10.1 T AP vl I o M i N | L ek s 81 B G E : =
06 S0 T (TRE TR e R R 0 o T T
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m,, [GeV]
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Imperial College E Scale Ref K/%}T CMS, /|
ner cale Rerfinements .
A
London 8y S
19.7 fo! (8 TeV)
> j . T J T - T Y T = — r
2 - CMS » : : . .
% 1.006 i v § 0.04— ATLAS Vs=8 TeV,det =203fb"
Q. - —— [3) = .
51.004} . . £ o002~ . =
e EGM-14-001 I . -
~ : = 0" e ® o _._. ® .-
% ) —o— —os E L% -0.02 :—. * . ++++"'++++++-0- O . _:
? ] Al - = * o
w 1F e = -0.04P , —
3 —op= — -e-Z resonance (total uncertainty) o
| ————¥— e 0<I1]I<1,R9>0.94
0.998} 0D O<h<1,R <094 - 'S
F a4 1<hi<14,R >094 ] g
0.9965_ v 1<h<14,R <094 ] ‘2
| N | L | : | |
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E, (GeV)

| st: residual time-dependence from E/p: changes of < 0.1% (0.2%) in barrel (endcap)

ATLAS: overall corrections: < 2% overall, uncertainly generally ~ 0.05% (top right)

e CMS: 3 residual energy scale steps
°
® 2nd:Z — eein R9 and n bins, mainly for material: corrections <1%
® 3rd: Er-dependent corrections, top left plot

°

°

Additional smearing applied to MC to give agreement with Z — ee shape

CMS: 0.7%-1% (1-2%) in barrel [£0.1%] for high (low) R9, 1.6-2.0% for endcaps [10.3% - 1.0%]
ATLAS: 0.8% [+ 0.3%] for barrel, 1.0% [+£0.5% for endcap]
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Major uncertainty: extrapolation away
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Material: next slide
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Material Studies

® Material has a significant impact on resolution, accurate determination is vital

1S T 5 el T E
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London Photon Resolution: Results ! i
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L !
® Electron rejection: veto track  CMS Barrel Endcap
match (excl. conversions) i = . E
Conversion-safe veto | 99.1 £0.1% 5.3% | 97.8 £0.2% 19.6%
® Efficiencies of CMS Pixel track seed veto | 944 +02% 14% | 81.0+0.6% 4.3%
vetoes at right
EM Middle layer Ratio in 5 of cell energiesin3 X 7 versus 7 X 7 cells R,
. Lateral width of the shower W,
¢ Shower Shape Val"lab|es Ratio in ¢ of cell energies in 3%3 and 3X7 cells Rs
® ATLAS example at right  FYSPIve Bome o e o
P Stl’l P Iaye r Variab I es u Sed Total lateral shower width Ws ot
. . Energy outside core of three central strips but within  Fg.
IN tlght I D on Iy seven strips divided by energy within the three central
strips
Difference between the energy associated with the AE
second maximum in the strip layer, and the energy re-
® |SO|ati0n - next Slide constructed in the strip with the minimal value found
) between the first and second maxima
Ratio of the energy difference associated with the E .,

largest and second largest energy deposits over the
sum of these energies

ATLAS
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London 9" ID: Isolation % .

CMS: separately use 3 isolation sums of PF objects within AR < 0.3

of the photon
® Charged hadrons, neutral hadrons, photons

Exclude nearby objects to avoid counting deposits assigned to

photon:
® An <0.015 for PF photons, ? A
® AR <0.02 for charged hadrons
® This will be changed in Run 2 (slide 24)

® ATLAS: isolation sum over all calorimeter cells -

Both experiments correct for the average energy from pileup (p)

®
multiplied by effective area of photon candidate

S.Zenz - Photon Reconstruction PPSHC2015 - 18 May 2015
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e CMS: tight, medium and

loose working points

ATLAS: tight and loose
working point cuts
separately optimized
based on presence of
conversions in bins of
depend on

S.Zenz - Photon Reconstruction

CMS

Cut-Based ID

CMS
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Loose Medium Tight
barrel | 1.3GeV +0.005p{ | 0.7GeV +0.005 p{ | 0.7GeV + 0.005 p{
U endcap — 1GeV + 0.005 p} 1GeV +0.005 p}
I barrel | 3.5GeV + 0.04 p;f 1.0GeV + 0.04 p}r 0.4GeV + 0.04 p}
. endcap | 2.9GeV+0.04p] | 1.5GeV+0.04p] | 1.5GeV +0.04 p
I barrel 2.6GeV 1.5GeV 0.7 GeV
& endcap 2.3GeV 1.2GeV 0.5GeV
" barrel 0.012 0.011 0.011
m endcap 0.034 0.033 0.031
fa 0.05
Electron veto conversion-safe
Category Description Name [ Loose Tight
Acceptance [nl < 2.37,1.37 < |n| < 1.52 excluded - v v
Hadronic leakage Ratio of Ey in the first sampling of the hadronic Ry, v v
calorimeter to Et of the EM cluster (used over the
range || < 0.8 and || > 1.37)
Ratio of Et in all the hadronic calorimeter to E1 of Riuug v v
the EM cluster (used over the range 0.8 < || < 1.37)
EM Middle layer Ratio in n of cell energiesin 3 X 7 versus 7 X 7 cells R, v v
Lateral width of the shower Wy, v v
Ratio in ¢ of cell energies in 3X3 and 3x7 cells R v
EM Strip layer Shower width for three strips around strip with max- w3 v
imum energy deposit
Total lateral shower width Wy tot v
Energy outside core of three central strips but within  Fyqe v
seven strips divided by energy within the three central
strips
I_/ \ S Difference between the energy associated with the AE v
second maximum in the strip layer, and the energy re-
constructed in the strip with the minimal value found
between the first and second maxima
Ratio of the energy difference associated with the Eui v
largest and second largest energy deposits over the
sum of these energies

Table 1: Variables used for loose and tight photon identification cuts.
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Preselection based on Trigger:
Table 3: Preselection requirements used for the H — 7y analysis.
® For H —Yy analysis fo % ncar | I £
Rg barrel endcap | barrel endcap
<09 | <0075 <0075 | <0.014 <0.034 | <4GeV | <4GeV | <4GeV
¢ Ena’bles use Of fu rther >09 | <0082 <0.075| <0.014 <0.034 | <50GeV | <50GeV | < 4GeV
variables that provide modest SR
. . . . . e
discrimination but cannot be _ x0T Ll -
easily used for cuts S sl CMS EGM-14-001 Jap §
~ i -
Photon isolation 12) i i ==
c @
Charged isolation depends on vertex o - —— H—=yy (m =125 GeV) - >
selection (details in H —yy talk, P W 60 1 ao-
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Looking toward Run 2...



Imperial College CMS: Fully Integrated PF %

London

® (Calorimeter-driven GSF Tracks

CMS, |

)

Run 2: e/Y reconstruction part of fully- particle-flow
integrated PF that follows all photon ‘e ECAL
conversions and electron Bremsstrahlung Pu \ GS'!: Frack § aufece

Gaussian Sum Fitter tracking for electrons
produces radiated Brem tracks

Electron/photon candidates seeded from
one of:

track tangents

® Tracker-driven GSF tracks N Ext;apolated
BremCluster\\“ ~~~~~~~~~~

® EM Superclusters, assembled from PF

clusters using “mustache algorithm” \
“Mustache” clustering: allowed A

of PF subclusters added to EM
supercluster depends on An and
relative energy

Link objects together, and attach converted
tracks

Attach clusters to tracks & Brem tangents

Merge objects starting from different seeds A An
Reject bad-quality tracks, e.g. with bad
ECAL E/p or HCAL match - | ™
< > A(p

Final unique event interpretation
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Imperial College : )T |CMS/
Lond ATLAS: Run 2 Preparation .
ondon S
® Focus of Run 2 preparation on consolidation & simplification
® Algorithm simplified
® Uniform window size in barrel for (un)converted photons and
electrons: 3x7
® Robustness against Run 2 conditions checked
® Selection optimized, cuts tuned
. . 0 U= S L L B L L L AL L L LB L
® NeW Callbratlons Prepar'Ed % 0. gE—*— Unconverted photons ATLAS Preliminary 3
2 0'8?---@'-" Converted photons Data 2012, ys =8 TeV 3
® Impact on conversion-finding  § F ol Jrazsam 3
using TRT g osr =
ol - =
. «w 0.5F > =
o Out-Of-t|me PU g 04; oo e e e e e e o e o tle o te e e e Mo e e e e T -
.9 * — vzl
. . . 8 oat -
® Partial operation with Ar £ F e
reduces PID capability 2E R
0.1=  ATL-COM-PHYS-2012-823 E
(smaller effect) ] S S T AR R W
5 10 15 20 25 30 35

Average interactions per bunch crossing
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Phitriuhasat Conclusions %

® ATLAS and CMS have very different capabilities = different photon

reconstruction strategies
® CMS: excellent intrinsic resolution, very strong B field
® ATLAS: multiple layers, focus on tracking (incl. PID) for conversions

® Excellent performance and successful Run | results for both detectors

® More to come in Run 2!
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