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HIGGS BOSON: SIGNAL STRENGTH IN H — 7y

Signal strength (i.e. Nyys/Ngpm):
1=1.17 £ 0.23 (stat) T3 02 (syst) 042 (theory)

R RS A AN LAY AR EAARERARRN RRRAR

P [ FH———F—H —Tot — 2018:

Mo | e _Zta: ] » number of events x9
Eo = Syst. ]

My | ——t— ] = (stat)/3

Mee [ e ATLAS 1 » gluon-gluon fusion
E JLdt=45" {s=7Tev . .

M © ot JLat=203% S = Tev ] Higgs x-section newly

wo L . H - yy.m, = 1254 GeV | computed at N3LO
o b b b b b by by 1y
i 0 1 2 3 4 5 6 7 8 = (theory)/2

Signal strength
= systematic uncertainties will become dominant, energy
resolution being the dominant systematics
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X (750 GEV

X(750 GeV): excess seen in the 1., spectrum at 750 GeV (to be

confirmed)
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2 approximations:

» Free Width (FWA)
— ~ 45 GeV

» Narrow Width (NWA):

4 MeV

2 different calibrations:

1. December, beginning
Run II: using 2012 data

(ATLAS-CONF-2015-081)

2. March: using 2015 data

— reduce energy

resolution uncertainty

(CERN-EP-2016-120)
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X (750 GEV) WIDTH

Significance o = V2AIn L (L = likelihood)

E e ATL‘AS Pr‘ellmma‘ry o %

3 oo 3 | FWA | NWA | FWA © NWA

é wh e taTev. 321" 3 calib 1 (December) | 3.90 3.60 1.50
ST 3 calib 2 (March) 390 | 290 2.60

= 10":7 | i

g M I | 3 = after the new calibration sys-

El 5E- = . . .

3 Fw W NS 1 tematic, the signal is less compat-

P “ 1 ible with the NWA

200 400 600 800 1000 1200 1400 1600
m, [GeV]

5/30



OuTt

LINE INTRODUCTION CALIBRATION OF THE ATLAS ECAL

000 90000

TEMPLAT

E METHOD RESULTS CONCLUSION BACK-UP

000000000 000

ATLAS EXPERIMENT

A Toroidal LHC ApparatuS:
Multipurpose detector op-
timized for Higgs and BSM
searches

Inner Tracker: track
reconstruction,
momentum/vertex
measurement
Electromagnetic
CALorimeter (ECAL):
energy/position of e, y
Hadronic CALorimeter:
energy /position of jets
Muon Spectrometer:
momentum/ trajectory of

muons
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ELECTROMAGNETIC CALORIMETER (ECAL)

CellsinLayer 3
Apean = 0.0245%0.05

)

ANERDETZ0TEA

Eocur

e

%
o

» Sampling calorimeter:
» Absorber: lead
» Active medium: liquid
argon (LAr)
Divided in 3 7 ranges:
» Barrel: central part
(0 < |n| < 1.475)
» Crack: lot of inactive
material in front
(1.37 < |n| < 1.52)
» Endcap:
1.375 < || < 3.2
» Transverse segmentation
provides a good ~/7°
separation

v
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CALIBRATION PROCEDURE

Goal: correct the measured energy to get the true energy of the

particle

EM
cluster
energy

simulation

data

training of
MC-based
ely calibration

>

longitudinal
layer inter-
calibration

MC-based
ely energy
calibration

1

5 ZJee
resolution [R5
smearing
calibrated
ely
energy
4 Z>
uniformity |_§ 8 scatlgee 1N
corrections o
calibration
6 Jp>ee Z3lly
data-driven scale validation
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SCALE FACTORS

After step 3 of calibration, MC and data Z — ee mass distribu-
tions still have a discrepancy.

— Data-driven analysis (step 5)

il ST — match the data with the

ot MC distribution, using 2 7-

ool dependant corrections: scale
o factors a (shifts data) and ¢

:/ "':51:;.,_~ (enlarges MC)
e “‘\‘\ — measured with the template

Trr T E e method

Energy scale factor « is applied on data:
Ecorr _ pdata _ Etrue(l + a)
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RESOLUTION CONSTANT TERM

EGBC
E

o_a

E VE

» a: sampling/stochastic term, linked to the development of
the EM shower in the ECAL

» b: electronic noise and pile-up term

» c: constant term, describes non-uniformities in the
detector and electronics

Data distribution larger than the MC: additional constant term
c used to enlarge the MC width up to the data one with:

ECorr — EtruE(l +N(0, 1) * C)
with /(0,1) a Gaussian distributed random number
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2012 DATA

B+ + --?f++ii+H+F++++++*++ii++
3 T T b T T

i +‘ u + s

» Closure: ¢"P"! injected into a MC dataset used as
pseudo-data + measured with the template method
» Closure systematic defined in each 7 bin as
Oclosure = | — Cznput|
» Bias corresponds to d.s,re averaged over the number of

closures: 1 closure before, now many (~ 1000)

Goal: quantize and correct the bias arising from the template
method to reduce the closure uncertainty (~ 0.1% in Run I) 11/30
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DETECTOR SPLITTING IN 7 BINS

Electrons are labelled according to their  bin = Z labelled by
the combination of electrons bins (11, 72) = (i, )

Dseniosscatles e » First, Z mass corrections
“Al cryostat

G ijj and cij are measured
= independently for each

(1,7) configuration

superconductin
SBenor co\\ 9
Al cryostat

o resamplel
warm wall Presampler

BARREL
P(t.5mm) - Po(1.imm)
2100mX0 - 2.85em/X0

s"'q?}' L -

—INNER DETEGTOR | [

u
I S —
[P S| 2

» Electrons scale factors «;
and ¢; are inferred
afterwards

6 bins used in this study: 0-5 encap, 1-4 crack, 2-3 barrel
(NB: For the final calibration study: 68 bins for o, 24 bins for c)
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FIT AT CONSTANT C
Modified MC datasets (=templates) are created with injected
test values of c and «
= x° between Z mass distribution of pseudo-data and
templates is computed
= «;j and ¢;; most probable values correspond to the fitted
minimum of the x? scan — fit performed in 2 steps of 1D fits:

» For a given c (line), the
x?(«a) distribution is
fitted with:

(0) = X+ G5

— Qyyin and szin extracted

In this study, o not fitted and
set to 0 because o=,
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FIT AS A FUNCTION OF C

Then, the 2. (c) distribution is not parabolic (i.e. non
Gaussian-like) and fitted with:

2 3
5 ) (C — Cl']') (C — Ci]')
Xmin (C) - Xmm,mm + (ACij)z +a3 (ACij)3

> ¢jj is the measured constant
term in the (11, 72)
configuration: given by the
minimum of the fit

» Acj; is its statistical
uncertainty (in the
Gaussian approximation)

50 506t b0 o o6r 0% b0m¢
c
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INVERSION PROCEDURE

Inversion procedure = getting the c; from the c;;

= getting e™ scale factors from the Z ones
— This requires the minimization of the following x?,
assuming «;; and ¢;; are Gaussian distributed:

(Ozl‘ + o — 2041']‘)2

Oél'—i—aj'zzoz,‘]' = Xzzz

.\2
e (Bai)
242
A+R=22 = 2_2(\/7121—%’)2
Pt =2 =2 A
ij<i v
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CONSTANT TERM BIAS MEASURE

Using a closure, the official MC dataset containing 5.4M events
is split in 2:
» 2.7M events: pseudo-data — smeared with a chosen ¢
that is measured with the template method

» 2.7M events: MC templates

Many closures are used and the bias is defined as:

bias = < ¢ — cnput >
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SMEARING

Different sources of statistical fluctuations are needed to
simulate:

» the constant term resolution on pseudo-data

» the multiple resolutions on MC templates that will be used
to determine the pseudo-data resolution

Reminder: random smearing is done using
E®© = E"e(1 + N(0,1) * ¢) with A'(0,1) a Gaussian distributed
random number. 2 types of smearing are done:

» Pseudo-data are smeared with c7¥!

» MC templates are similarly smeared with different test
values of c
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BIAS DUE TO A GIVEN SET OF EVENTS

» To remove the bias coming from the selection of a given
set of events, each closure uses a different set of events
selected with the bootstrap method:

» Each event selected with a Poissonian probability
» 1 event can be chosen several times

» 3 different samples are generated to look at the influence
of statistics:

» 100k, 1M with bootstrap
» 2.7M without

= 3 different randomizations are done: 2 on pseudo-data, 1
on MC template
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BIAS DUE TO THE 2.7M STATISTICS

If the number of pseudo-data events = 2.7M and no bootstrap is
performed, the bias found corresponds to:

» The limited statistics of 2.7M in MC

» The fact that different events are used as pseudo-data and
MC templates

Bias(100k, 1M) estimated as bias(100k, 1M) - bias (2.7M)
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BIAS OF (i,j) CONFIGURATIONS (1)

» 2 values of ¢Pt: 0.7%
and 1%

» Mean and RMS obtained

Configuraton's, )
— input 001, stat: 16+06, Mean=1.134¢-03, RMS=1.506¢.03
— input: 0.0, stat: 16405, Mean=4,868¢-03, RMS=3.050¢-03
— input: 0,007, stat: 16406, Mean=-1.1616-03, RMS=2.250e-03
—— input: 0,007, ta: 16+05, Mean=6.134e-03, RMS=3.198€-03
~— input 0.01, Stat 2.7M , Mean=-4,126e-04, RMS=5.943¢-04
input; 0,007, sat: 2.7M , Mean=-8.046e-05, RMS=0.449e-04

EI SRS RARRRARNRRR RERE N

| E from the histogram
E » Left points bias = —c"4*
d E correspond to ¢ =0
— lots of them because of
Endcap-encap configuration the ¢;; > 0 constraint
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BIAS OF (i,j) CONFIGURATIONS (2)

Endcap - encap configuration

» Mean and RMS \ when
stat "
— more parabolic shape
around the minimum of
the x? distribution for
larger stat i.e. easier to fit
(still some features to be

Configuraton s, %)

— input: 0.01, stat: 1e+06, Mean=-1.134-03, RMS=1506e-03
—— input: 0.01, Stat: 16405, Mean=4.868e-03, RMS=3.050¢-03
— input; 0.007, stat: 1e+06, Mean=-1.161¢-03, RMS=2.250e-03
— input: 0,007, stat: 1e+05, Mean=6.134e-03, RMS=3,198e-03
—— input: 0.01, Stat: 2.7M , Mean=-4.126e-04, RMS=5.943¢-04
input: 0,007, stat: 2.7M , Mean=-8.046e-05, RMS=9.449-04

E AR RAA N AR RS R

< oo understood)
r v » For a higher input,
£ /3 o e .
] /] / minimum is farther away
- ‘/ ] a from 0
e et mm 2 1: . .
Barrel - barrel configuration for - X distribution more
cirrut = 0.7% for 100k events (left) and parabOhC and bias should
1M (right) have a better behaviour
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BIAS OF 7 BINS

g oo !

o " A » ¢; (electrons) obtained
3 s from ¢;; (Z) after the
i~ E inversion procedure
£ N E .
- E » Bias from the 2.7M events
w7 is substracted
e » Worst results are in the

statistics

crack regions (bins 1, 4)

At large statistics, |Bias| < 0.1% (similar to Run I and II)
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CONCLUSION

» Understanding the bias arising from the template method
is essential to assess the uncertainty on ¢ which is
important in the H(125 GeV) and X(750 GeV) (?) studies

» Bias has a value of about 0.1%

» Study still ongoing!
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CONCLUSION

» Understanding the bias arising from the template method
is essential to assess the uncertainty on ¢ which is
important in the H(125 GeV) and X(750 GeV) (?) studies

» Bias has a value of about 0.1%

» Study still ongoing!

Prospects:

» More detailed study of the
influence of the differents
steps of the template
method

» Switch from 6 to 24 bins

» Check the bias at high
statistics (6M Z — ee 95 e =
events in 2012, more in Day in 2016
2016)

T
{ ATLAS Online Luminosity ~ {s=13Tev
b [ pelivered
r [C]ATLAS Recorded

E Total Delivered: 3.58 fo’

[ Total Recorded: 3.25 ib”

Total Integrated Luminosity [fb]
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HIGGS BOSON: MASS

Combined ATLAS+CMS value:
mp =125.09 £ 0.21 (stat) £+ 0.11 (syst) GeV

H produced/decays through
a loop — sensitive to BSM

E 150? ‘ JLdl:AS‘Ib’\E:?Te‘V ATLAS *; N
I e E ‘
:;:I 1402 signal jrengm categories _ sf;::’;c:gmm—i A Wt
120? — signal 7; .
100 m,, =125.4 GeV 3 Y
ool E » 2018: number of events
“E . x9 = (stat)/3
20— -
. ok TN B . . .
Ed 3 = systematic uncertainties
i : will become dominant, cali-
I S | bration (energy scale) being
m,, [GeV]

the dominant systematics in
H — vy
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CROSS-SECTION RATIO 13 TEV/8 TEV

13 TeV / 8 TeV inclusive pp cross-section ratio

Minimum bias
W(ln)

Z(ll)

77

t (s-channel)

t (t-channel)

WH

H (ggF)

H (VBF)

tt

ttz

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z' SSM (3 TeV)

Q* (4 Tev)

QBH (5 TeV)

QBH (6 TeV) | 9 9000

1 10 100 1000 10000
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SYSTEMATIC UNCERTAINTIES ON THE MEASURED
CONSTANT TERM (2012)

Exp. sources of uncertainty (x 107%)
n bin PileUp | Recoeff. | Trig. eff. | ID | Clos. | Window | Fbrem | Meth. | EW | QCD
[0;0.2] 15.8 0.71 2.85 8.40 | 4.80 6.86 1.21 2.74 | 5.11 | 109
[0.2;0.4] 7.17 1.85 0.066 | 8.09 | 2.16 3.84 14.8 10.4 | 0.76 | 10.9
[0.4;0.6] 2.99 0.03 1.64 17.5 | 13.6 10.8 11.4 | 3.67 | 2.89| 109
[0.6;0.8] 1.14 0.42 0.42 11.6 | 0.15 1.46 6.71 821 | 1.21 | 7.72
[0.8;1] 4.03 0.92 0.063 | 2.63| 11.3 2.28 172 | 3.64 | 542 | 7.72
[1;1.2] 9.37 0.19 0.44 9.02 | 12.4 9.91 258 | 948 | 12.2 | 5.68
[1.2:1.37] 0.43 0.34 0.11 0.22 | 27.1 4.33 19.2 183 | 1.77 | 5.68
[1.37;1.55] 17.5 1.37 2.51 28.3 | 4.30 40.5 75.2 19.6 | 7.04 | 41.7
[1.55;1.82] || 0.45 0.09 0.52 14.9 | 5.50 16.7 5.46 164 | 035 | 122
[1.82;2] 6.84 11.3 15.8 6.68 | 17.6 1.08 19.7 | 42.1 | 443 | 154
[2:2.3] 2.55 3.32 0.53 19.2 | 5.68 25.2 238 | 0.14 | 3.49 | 154
[2.3;2.47] 2.87 0.9 0.62 282 | 15.8 10.6 36.2 19.4 | 091 | 154
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v/ SEPARATION

~ display 70 display

(https:/ /atlas.web.cern.ch/ Atlas/GROUPS/PHYSICS/EGAMMA /PublicPlots /20100721 / display-

photons/index.html)
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NOMINAL SCALE FACTORS

B B o A s B s e ! o 008 ST T e
[ ATLAS Workin progress B Pre-recommandations, syst.unc. ] 'ATLAS Wik in profress B Pre-recommandations, syst. unc.
0a— (5=13Tev, J‘Lm: 321" — Pre-recommandations, stat. unc. A fs=13Tev, [Ldt=321m" — Pre-recommandations, stat. unc.
£ — Run2 1 — Runz
o.08f—
00sf~
0.04— |
002~ E
peg B
1
ofts ﬁl k
F L - e
B | -.\ ol | | \- L d I | L | | I | I |
2 as 1 s 0 65 1 15 2 2 a5 4 s 0 05 1 15 2
Moo Neaia
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CONFIGURATIONS: BIAS DISTRIBUTION
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