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Overview

« Higgs Boson Production and Decay:
— Bosonic Decays,
— Fermionic Production and Decay.

* Higgs Properties:
— Mass Measurements,
— Spin / Parity,
— Width,
— Higgs Couplings.
- Higgs beyond the Standard
Model.

* Conclusion and Summary.
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The ATLAS Detector

« Run1:
— 2011 at Vs=7 TeV.
— 2012 at Vs=8 TeV.
— Total ~29 fb.

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

45 I E— T T —
ATLAS Online Luminosity

Pixel detector

40 Toroid magnets LAr electromagnetic calorimeters
2011 pp V5=7 TeV - .

35 — 2012pp Ys=8TeV Muon chambers Solenoid magnet | Transition radiation tracker
— 2015 pp Vs=13TeV Semiconductor tracker

— 2016 pp (s=13TeV
— 2017 pp Is=13TeV

Delivered Luminosity [fb ]
(€3]
o
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2 e Run 2:

15 — 2015-2018 at Vs=13 TeV.
10 — ~ 36.1 fb*for 2015+2016.
5

. o — ~ 14 tb* for 2017 so far...

ya ot W oct
Month in Year
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« The Brout-Englert-Higgs (BEH) mechanism extended spontaneous symmetry
breaking to gauge fields.

— The process generates mass for fundamental particles.

« It also predicted a scalar particle, often referred to as the Higgs boson.
— However, the mass of the Higgs boson is not predicted in the SM.

« In 2012, CERN announced the discovery!
* Once the Higgs mass is measured, the other parameters become fixed and can be

measured and compared to SM predictions. ermions Bosons
These other parameters are: Quarks Force
p u ¢t v o
— Mass measurements up  charm  top photon e
— Spin/Parity d b
—  Width down strige bottom Z
Z boson
— Higgs couplings.
.« e . . . L
 Small deviations in the Higgs boson’s properties "™ |e1c/3 Vi }/: wlb/V
o o N e on muon au oson
from those predicted could give hints of new neutrino  neutrino  neutrino
physics. e u T g
electron  muon tau gluon

* The exploration of this new particle is still in ~~ FEEEREEEER R R
early stages. | Higgs |

— We have collected only ~1% of the anticipated luminosity , .
from the LHC. Source: AAAS [
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g
* Run1i1->Run 2. Probing all
. . channels!
— Increase of Higgs cross-sections.

1707 D H
— Especially for ttH production (~4x).
- = s(pp ® H+X) [pb] g
S Q = o
N [ (@) N q H g
m:_lllll [ [ ||||||| [ [ ||||||| [ [ ||||||| [ [ ||||||| _:
- 3 .
~N ® ]
C * N
m :_ \é _: q w/Z q
= o ]
oL % 3+ Gluon Gluon Fusion
. - 2 ] — The dominant production mode.
- = _ ]
ot © 4¢ VBF : Vector Boson Fusion
= = B — Second most dominant.
- - = — Characterized by two forward jets
= T - produced along with a Higgs.
= .
N N VH
<|°° - N — Composed of a Higgs produced in
DL CGI; ] association with a vector boson.
N —
CE B l 2 1 ttH
SO el s Sl — Higgs produced in association with ttbar
LHC HIGGS XS WG 2016 pair.
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» For a standard model Higgs boson with a mass of ~125 GeV:

— Decays with the highest branching ratios also have large irreducible
backgrounds.

— However, resolution and S/B are
equally critical for the sensitivity.

i

LHC HIGGS XS WG 2013

— Clean signals for low branching
ratio signals:
« Hoyyand H —» ZZ* — 4¢
(t=e,p).
» The ‘discovery’ channels.
ce ZZ  Other
T 39% 3% 1%

6%\\\ /-
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« The discovery of the Higgs in 2012 was announced with bosonic
decay channels.

— H — VY ’ . ATLAS

JX EXPERIMENT

- H - ZZ* - 4 g p w J , e ‘_‘. ‘ hitp://atlas.ch
(‘E = e 9 lvl.) ‘ J’.‘-{?’/ /
- H— WW*

See detailed talk:
Measurement of cross sections

and couplings of the Higgs Display of a 4e candidate event.
Boson in bosonic decay

channels with the ATLAS m,=124.2 GeV
detector Nikita Belyaev
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Run 2 | Signal strength:
: o xBR
|

« Signal is extracted using a maximum-likelihood
fit to the diphoton invariant mass. S wdiegaiv s 8 |

— Simultaneous fit for a bump on top of a smoothly falling background.

« The main backgrounds for this channel are yy, y+jets and djjets.

> =3 T —TT L A B R B B S B B R B LI | T T T 71 | L I LI | LI | LI | 1T 17 | LI | T T
& 700— ¢ Data ATLAS Preliminary — -
R Background fs=13TeV, 36.1 fo' - ATLAS Preliminar
5 00— — Signal + Background m, = 12500 GeV s $ Y +e— Total +e— Stat
(] ~ 1 - —_—
g | — Signal In(1+S/B) weighted sum — ¥s=13TeV,36.11b
"~ 500 = Total Stat Syst Theo
. 0.6 +06 +01 +0.1
= I | A TR =05 0 [ ]
400 _: top l"ltop -0.6 -05 -01 -0.0
. +09 [+08 +02 +02
300 = uVH — M- Koy = 0.7 os [—08 -02 -0. }
200 ] +06 [+05 +03 +03
] HVBF — H—e—H M . = 21 4% [—0.5 —02 -02 ]
100 —]
- = +0.19 [+0.16 +0.07 +0.06
- ] uggH — @l uggH =0.80 _gg |:—0.16 ~0.06 -0.05 }
-é 5 +0.14 [ +0.12 +0.06 + 0.06
é MRun_2 — gHeN'Lo @] Hoina = 0.99 4, [—0.11 -0.05 -0.05 ]
5 _q47 *028 [+o.23 +0.10 +o.12]
: Mo — sHenwo e Mot = 17 —o026 [ -0.23 -0.08 -0.08
w = 11I0 1210 1:L30 14'_0 15'0 1_60 1 1 1 | 1 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
0 1 2 3 4 5 6 7

m,, [GeV]

i h
ATLAS-CONF-2017-043 ATLAS-CONF-2017-045 Signal Strengt
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/

H—ZZ* —40and H - WW* oo

H - ZZ* — 4 {: Run2 1 _, Ww+:
« High signal to background ratio.

: : : : » Second largest branching ratio.
« Extract signal via four-lepton invariant

Py A I I IR I IR RN IR RS

> 3 ]
L — P Ve =1
maSSO % 7..|\|\|\I‘I\|\|\|\|‘|\|\|.\|\D|‘t|\|\|\|\|‘|\||7 2 | ATLAS Prellmlnary_*a,ajjaets -gre(tssys) -
P ata r ]
& 5o [ ATLAS Preliminary g signai m, -125 Gev) ] T gob 's=13TeV,58f" Top Wother W 7
[To) T H o ZZ* > 4l I Background ZZ* ® C Ho WW — ep+ue - ww Other Higgs
a 3 [ Background ti+V, VVV | c C mH Hyge ]
iy [ 13 TeV,36.1 1" I Background Zsjets, tf | 9 - == Hogex 10 7
@ 40+ %% Uncertainty - L 40— VeF ]
= L i C _
g 30F- -
30| - .
- 20~ =
20 - B ]
i 10 .
10} [ —— ey R ]

" 0 10 80 90

o m, [GeV]
80 90 100 110120 130 140 150 160 170

: C e m, [GeV] « Latest result with 5.8 fb* of Run
e The inclusive fiducial cross-section in the 5

H—ZZx—4{ decay channel is: 2 data.
— 3.62 +0.53-0.50 (stat) +0.25-0.20 (sys) fb — Via VBF and associated WH
« Standard Model prediction of: production.
— 2.91 + 0.13 fb. — Mygr=1.7+ 1.1 - 0.9
« Differential fiducial cross-section has also - BPwp=3-2+4.4-4.2
been measured.
ATILAS-CONF-2017-032 ATLAS-CONF-2016-112
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
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« Want to confirm that the
Higgs boson is the one
predicted in the SM and
therefore testing the direct
coupling with fermions is high

priority.

— H-o 1t

— H—-pupu g ot | _‘_‘___, -
FE T W L L S R EXPERIMENT

— ttH (DR T S e b

_ 1) = 124 GeV
T T T T T T gee deta Jedtalk: : mr(;:ﬁtj jgt))= 1237 GeV
See detailed talk: _— '

Measurement of cross sections and
couplings of the Higgs Boson in fermionic
production and decay modes with the
ATLAS detector
Liaoshan Shi

Candidate H — pu event at Vs = 13 TeV .
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H - 1t H - pp Run 2
* $‘];VP(‘) production modes: ggF and « Allows a direct observation of the Higgs
Yukawa coupling to 2" generation
o Three decay modes: ~AILAS-CONE- fermions
2017-29 .

TepUep, TepThad, ThadThad
— Requires good tau identification.

Z — t11s the main background , o L
P Aanaatas Mae atene A « Channel is statistically limited.

« Clean signal, but low decay rate and a large
background from Z — pu (4x SM).

5 10°F A
E E [ Background (u=1.4)
R B ] g B amas T Result
w ot E H:125))::§:;1.)) @ 30/ VBFtight \s=13TeV, 36.1 fo' ] esu
Z ] E E x2ndof = 30.7/48 = (Run 1+ 2):
102? E . 251 —e— Data _;
E 20 I:B)all-:ground model - ° “. < 2.8 (2.9)
T, | —— Signal x 20 = b d
1022 3 5 E observe
: {s=8TeV, 20.3 b’ ; 10 j (expeCted)‘
15 (s=7TeV, 45" 1 ]
e ’ : h
P, . SIS Jo3 » Consistent with SM
 Run 1result (ATLAS): '°9,(5/B) . —— — expectation that
= 2F ; . .
— 4.50 (3.40) observed (expected). g8 o4 Sttt i, W m ;; ‘ 3% Higgs coupling is
. ole -2 .
 Combined ATLAS & CMS: 3 proportional to
110 115 120 125 130 135 140 145 150 155 160
— 5.50 (5.00) observed (expected). My [GeV Imnass.
JHEP 04 (2015) 117 Phys. Rev. Lett. 119 (2017) 051802
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https://link.springer.com/article/10.1007/JHEP04(2015)117
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.119.051802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-029/

H — bb candidate event A e
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Events / 10 GeV (Weighted, backgr. sub.)

Events / 0.25

Pull (stat.)

12=‘A|T|L‘|A‘S\II|\II|\\\‘|_|’|_‘[\)alt5|\||l\|||7

F =13Tev,36.11b" - ‘I;FII) — Vbb (1=1.30)
B Iboson B
1 0? 0+1+2 leptons Uncertainty
L 2+3 jets, 2 b-tags
8 | Weighted by S/B Dijet mass analysis

72;“III‘\III\II|\\\‘III‘\III\\I'I\I';
40 60 80 100 120 140 160 180 200
m,, [GeV]

-o- Data
ATLAS B VH — Vbb (1=0.90)

Vs=7TeV, 47" Eiboson
{s=8TeVv, 203" Single top
_ 4 Multijet

s =13TeV,36.1fb B Wb bcce,b)

Wacl

Wl
B Z+(bb,be,cc,bl)
m Z+cl

Z+ll

C ]
35 3 25 -2 45 -1 05 0 0.5
Iogw(SIB)
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The most common decay for a SM Higgs at 58%
but there are large backgrounds which are
difficult to separate from signal.

New result released recently via associated
production with a W/Z boson.

Gives the first evidence from the LHC of
H— bb, with a significance, for the BDT Run 2
result, of:
3.50 (3.00) observed (expected).
Combined significance for Run 1 + Run 2:
3.60 (4.00) observed (expected).

Signal strength (combined Run 1 + Run 2):
I = 0.90 + 0.18(stat.)+0.21 - 0.19(syst.)

Measurement of VZ, where Z — bb was used as a
cross-check, gave a significance of:
5.80 (5.30) observed (expected).

arXiv:1708.03299 [hep-ex] Run 2
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https://arxiv.org/abs/1708.03299
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. . o 1 . |

+ Indirect constraints on the top Yukawa coupling to 1 4 Coupling Measarement
the Higgs can be inferred from ggF production, and 1 withthe ATLAS Detectorat
from H — yy decays. L AsmaHadef !

« Also want to measure direct couplings. R
un 2
-
2015+2016

ATLAS Preliminary \s=13 TeV, 13.2-13.3 fb”

- H— YY —total stat. (tot.) (stat.,syst.)

* both tl:le hfildI'OIlIC and (13 Tg\|f‘_|1(i|3_.|3_f)b‘r¥) RN -0.3 j11§ ( j.'g’ f§§ )

leptonic tt”decay channels.
tH(H-WW)/tt/ZZ) ——e—=— 25 +1.3 +0.7 , +1.1

— H— (WWI(x), tt, ZZ(*)) — leptons (aTev 13216") 1 {oro s )

* two — four final lepton states. A U o= 21 %o (‘5. %7 )

- H — bb_ Note: leptons are ttH %%rgb\irnation -F*ﬂ--zlstg;'(-j([))-j:jgg)

+ single lepton, electrons & muons. naTen '
« opposite-sign dilepton ttH combination e - 1.7 fg'g (12,2l
. (7-8TeV,4520317) | | | | | Ll | ,

0 2 4 6 8 10

ATLAS-CONF-2016-068 best it . for m, =125 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-068/
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- /—

» The mass of the Higgs is measured using & | arasrsiminay <o "] & =Fog [ iisies
the tWO ‘discovery, Channels: g 205_ H-2Z" 4;1 [] Background _E b sm; = In(1+ s/b) weighted sum _;
— Hoyyand H — ZZ* — 48 (I=e,p). i 1 =
» H->ZZ->41is still statistically limited, o }
while H->vyy is systematically limited. o 1§
«  Combined Run 2 measurement with o e AR S
36 tb. s ”
O R SN N T B B (N S A R AN N S A I
ATLAS Preliminary
(s =13 TeV, 36.1 b === Telal Stat. [EED Syst
Total  Stat. Syst.
LHC Run 1 H — . 125.09 + 0.24 (+0.21+0.11) GeV
.................................. .|----_-.-------------------------------------------
H—ZZ*—4l : == i 124.88 + 0.37 ( + 0.37 + 0.05) GeV
|
H—yy — - 1+ 125.11+ 0.42 ( + 0.21+ 0.36) GeV
|
Combined H—— 124.98 + 0.28 ( = 0.19 £ 0.21) GeV
1 I 1 1 1 1 I 1 1 1 1 I 1 L 1 1 l 1 1 1 1 l 1 1 1 1 l L
124 124.5 125 1255 126 126.5
my, [GeV]
Result: my = 124.98
+ 0.19 (statistical) + 0.21 (systematic) GeV ATLAS-CONF-2017-046 Run 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046/

Spin / Parity

(A
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Measurement using:

— H-ZZs—48, HH-WW=x—evuv and H—yy decay
processes.

— Using 25 fb*at Run 1 (Vs=7 and 8 TeV).

Spin:
— The SM Higgs hypothesis (JP=0+) is tested against
alternative spin scenarios:

Non-SM spin-0 and spin-2 models with universal and non-universal
couplings to fermions and vector bosons.

Result: All tested alternative models are excluded

in favour of SM Higgs hypothesis at > 99.9 %
Confidence Level (CL).

2InA

25

Parity:
— Want to test the parity as there can be CP mixtures in
various BSM models, such as SUSY.

x-axis: observed CP-odd fraction of the event yield f,,
The combination of H->ZZ (which dominatesgqand
H—WW sets an upper limit of:

f,, < 45 % at 95% CL on the CP-odd component.

SOLI\\I\\II\

r — Observed

201

I — Observed

ATLAS H— ZZ* — 4]
s=7TeV,451"

s=8TeV, 2035

Combined

H— WW* — evuv

H— WW* - evuy s=8TeV, 20315

H—ZZ* — 4]

Eur. Phys. J. C75 (2015) 476

19t August 2017
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https://link.springer.com/article/10.1140/epjc/s10052-015-3685-1
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Eur. Phys. J. C75 (2015) 335

* Measurements of ZZ and WW final
states in the mass range above the 2m,
: and 2m,, thresholds allow measurement
A of the off-shell coupling strength of the
o Higgs.

_| UL L
14/~ ATLAS

- H—=ZZ+WW off-shell+on-shell
1 2 i KgN,nn-sheII=KgN,nﬂ-sheII

's=8TeV: [Ldt=20.3fb"

-2InA

—— observed with syst.

10 — observed no syst. ]
B Moo 1 * Using 20.3 tb at Vs=8 TeV (Run 1).
3 e ZZ—4b, 7Z7Z—202v and WW—evpy final
- states.

Y A B AR -

2‘ ___________________ ] 1 * Result: a combination with the on-shell
oog' b 4 e I T measurements yields, at 95 % CL upper

sy limit, an observed (expected) total
H

width, I'y;/TM, | in the range of :
4.5—7.5 (6.5—11.2).
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https://link.springer.com/article/10.1140/epjc/s10052-015-3542-2
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* Coupling strength modifiers, k, are used to probe the coupling strengths
and test for deviations from the SM 25—

I L L L L DL DL L
: | % SMprediction ATLAS Prelimina ]
expectations. I P
° H—)yy and H —» ZZ* — 4 P (f:e,“), or— 2222::’ giz//" g:: H—yy and H—ZZ* 4]
. i : m,, = 125.09 GeV ]
° W1 -1 [ H—yy 68% CL H ]
Run 2 th 36.1 fb ° 15_ _______ HoZZ* 4] BBO/QCL e ., ]
3 _' 1T T T LI B L L L L : - '-:‘:-,‘_'. :
Z 400l ATLAS Preliminary — G,y My =12509GeV N - -
3% i AH—yy 0 H—ZZ*—4l QCD scale uncertainty i - .,-' ]
b& 80 - ¢ combined data mm Total uncertainty (scale ® PDF+a,) E i + i
L systematic uncertainty o S -
[ ) 0.5/~ T -
60_ //‘ _l Il | I 1 1 1 J 11 1 1 ‘ 11 1 | | I 11 1 I 11 1 | | I L I 111 1 I 1 |
i ~ ] 0.7 08 09 1 1.1 1.2 1.3 1.4
i Ky
40 | N T T T T | T T T T I T T T T I T T T T | T T T T | T T T T
F ATLAS Preliminary
o0k N 99 Vs=13TeV, 36.1 fb"
2 {57 TeV. 45 fb" . H—yy and H>ZZ*—4l
i ‘é; o Tz\/’ 26.3 o . ; my, = 125.09 GeV, |y, [<2.5
or {5 = 13 TeV, 36.1 b 7 VBF I F———t
IR TR NN SR TR T N T TR TR TR TR AN SN TR SO TN NN TN TR TN SR (S TR SR SR TR N RN TR TR S N 4
7 8 9 10 11 12 13 :
\{_ TeV Measurement e
s [ © ] vH ﬁ Stat. uncertainty
* No significant deviations from the i Syst. uncartainty ]
. titH SM prediction
SM expectations are observed. ——) .
Il 1 1 1 I 1 1 1 L i 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 Il 1
-1 0 1 2 3 4 5
ATLAS-CONF-2017-047 Cross section normalized to SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-047/

Higgs beyond the SM @ ot

- ATLAS

EXPERIMENT

A} T

» Four-lepton candidate event with two
| electrons and two muons recorded in 2016.
Run: 304128 ‘ * Only event observed in the doubly-charged

BvENG: 2067756788 > Higgs four-lepton signal region.
2016-07-20 6:44:41 CEST S
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The Higgs can be used to probe for physics beyond the Standard Model
(BSM) if there are anomalous or new Higgs couplings.

o s  ATLASPreliminary
e H — invisible ATLAS-CONF-2017-040 ¢ | s - 13TeV, 36.1 o™ 1
= L _
— pp—ZH—Il + missing energy with £ I _
2015+2016 Run 2 data (36.1 tb™). -
10

IIJI‘

— BR( H(125) -> invisible) < 67% obs. 3
(39% exp.) at 95% CL, assuming SM ~ 95%CL[
ZH production rate.

—— Observed
----- Expected Median
10'2 :_- Expected + 1o

« Lepton flavour violation [ Epeced 120

|||||||||||| [ R
— Decay of the Higgs boson to leptons with ¢ 01 02 03 04 05 06 07
different flavours.

BR(H — inv)
— 20.3 bt of 8 TeV Run 1 data.
— Reconstruct the Higgs mass for H — 1, T, and H — ey,
— No significant excess observed. Set upper limits at 95% confidence level:
* Br(H—et1)<1.04%
* Br(H—ut)<1.43%,
* Br(Z—ut)<1.69x10-5.

Eur. Phys. J. C 77 (2017) 70
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https://link.springer.com/article/10.1140/epjc/s10052-017-4624-0
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-040/

nggS beyond the SM (2) | Cﬂ gégigétégusrumvmswm

- H-2Zy arXiv:1708.00212 [hep-ex]

1474""\'"‘I""I""I""\""I"‘

, , - z 3 ‘L AtLas o Data E
— Produced via loop diagrams: ) o 12 lemTev.361kT —pBavgrowdiic
. T T e w g 10:_ i___;S|grla1I>2<522 y _:
— Preliminary results at 95% CL W Y g moEmeel 3
upper limit with my = 125.09 GeV: : E
e Cross-section * BR = 6.6 (5.2) times 4 \ ! ‘ IM H
the SM prediction observed (expected) f z 2 LT
assuming SM production and decay.......... , R e e
L0 RLARIRIRTSN
i @ 3 e e
¥ S -5F [ B | R R i
O 457920 125 130 135 140 145 150
* H—ov,H-py [

— Probe of the Higgs couplings to light quarks.
— Measurement with 2015+2016 Run 2 data (35.6 fb1).

— No significant excess of events is observed above background, in agreement
with SM expectations. Upper limits at 95% CL.:
« BR(H — ¢y) = 4.8x1074,
* BR(H — py) = 8.8x1074. ATLAS-CONF-2017-057

! See detailed talk:

Search for neutral and charged BSM Higgs
Bosons with the ATLAS detector

[ Pawel Bruckman de Renstrom

See detailed talk:
Search for rare and exotic Higgs Boson decay modes and Higgs
boson pair production with the ATLAS detector
Suyog Shrestha
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https://arxiv.org/abs/1708.00212
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-057/
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Summary and Conclusion (§eA cormcen

* The highlight of Run 1 was the discovery of a SM Higgs boson.

 Significant aim of Run 2 is to measure the properties of this boson
and use it to probe for new physics.

— Measurements for mass, spin/parity, width and couplings have been
presented. Evidence of the Higgs decaying into fermions, such as tau leptons
and b quarks, has been shown.

— So far, no observation of deviations from the SM expectations.

« But: the exploration of this new particle is still in the early stages.
— We have collected only ~1% of the anticipated luminosity from the LHC.

« Lots of interesting ATLAS Higgs talks at this conference for
further details! g
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Thank you for your attention.
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Backup
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« H—-yyand H — ZZ* — 4 ¢ ({=e,).

*  Why these channels?

— In these channels all of the decay particles can be measured by the ATLAS detector
with high precision.
— Also no missing energy in the final state.

« How are they precise?

— The key lies in the resolution and calibration of the ATLAS detector. Many different
parts are used:
the muon momentum is measured in the Inner Detector and the Muon Spectrometer
the electron and photon energy is reconstructed in the Liquid Argon electromagnetic calorimeter.
— Understanding the alignment of the tracking detectors provides the precision of the
muon momentum, and the calibration of the calorimeter response is key for electrons
and photons.

— The uncertainty of the muon momentum is known to 0.1-0.5%, depending on the
position of the muon, while the uncertainty on the electron (photon) energy scale is
0.02—0.8% (0.4—0.8%) depending on their energy and position.

— The quality of the alignment and calibration of the data can be seen below, where the
abundant Z bosons decay into two muons and into two electrons.
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. Leading sources of Systematic effect Uncertainty on m%? [MeV]
. . Muon momentum scale 40
systematic uncertainty on Electron energy scale 20
My inthe H - Z7Z" — 4[3 Background modelling 10
channel. Simulation statistics 8
Source Systematic uncertainty on mj; [MeV]
LAr cell non-linearity 200
LAr layer calibration +190
Non-1D material +120
Lateral shower shape +110
* Main Sources Of IC]:())IIi:f‘?iI;E]I‘eCOH‘ﬁtFUCtiOH i:ilo
. . R s 50
systematic uncertainty on Z —» ee calibration +50
Background model 450
mHYY. Primary vertex effect on mass scale +40
Resolution f%?]
Signal model +20
Source Systematic uncertainty on my [MeV]
] LAr cell non-linearity 90
« Main sources of LAr layer calibration 90
systematic uncertainty on Non-ID material 60
. ID material 50
the COmblned mass mH' Lateral shower shape 50
Z — ee calibration 30
Muon momentum scale 20
Conversion reconstruction 20

19th August 2017 C. Nellist | BEH Overview (ATLAS)| ICNFP 2017



C% GEORG-AUGUST-UNIVERSITAT

yik GOTTINGEN

_| L I B
14 ATLAS

- H—=ZZ+WW off-shell+on-shell
1 2 I Kgf\.v',on-shelI=Ku;jN,oﬂ-shell

[ /s=8TeV: [Ldt=20.3fb"

10 [ —— observed with syst.
I —— observed no syst.

-2InA

Scan of the negative log-
1 likelihood as a function of
* 1 Ty/TSM_ when profiling the
1 coupling scale factors K, and xy,

[ o= expected with syst.
8 ----- expected no syst.

"1 associated with the on- and off-
N/ P 1 shell gg— H (x) and VBF
i 1 production and the H (x) -VV
(o e (@CAY.
T2 4 s 8 10
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