Measuring the Higgs properties
with 36.1 tb-! of ATLAS data

collected at vs =13 TeV




Outline ATLAS

EXPERIMENT

Focuses on measurement of the Higgs boson properties
in the H—-yy and H—-727Z—4l decay channels with 36.1 fb

of 13 TeV data (2015+2016)

¢ Introduction
¢ Higgs boson properties:
» Mass
» Inclusive, fiducial and differential cross sections
» Signal strengths, production cross sections, couplings

® Conclusions and outlook
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LHC and ATLAS performance ATLAS

EXPERIMENT

LHC performed very well during Run-1 and Run-2 (2015+2016)
ATLAS achieved very high data taking efficiency MusnDefscton T4 Coedmela  Lawid rsen Coorroler
~90% of data ready for physics
Data for analysis:
8 2011: Vs=7TeV: ~5 fb-1
8 2012: Vs=8 TeV: ~20 fb-1

¢ 2015 & 2016: Vs=13 TeV: ~36 fb-1
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Higgs boson production & decay
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agg
2 | | | TTTT | TTTT | | |§ t 1__ | . T T | T T T | T __g
=10°E M(H)= 125 GeV =2 § - | Ww 1 | H—yy
S 0 4 NLOEW) B S r oby B | BR=0.227% | 4
S [ pponiee= €8 7 \H\‘\‘
h / NS 7z |3
T 10 E =10 E H
ll\ E +NLO EW) E + ‘» E --—— -
o [ > qatt (NNLO elsit ] oC - cC .
o B pp NLO EW) n m L |
© 1E o - WH (NNLO o +NLo EW) —= D, 2
: 7 N0 QO GO0 e - Bo E Y
[ - — 0 i H—-ZZ*—s4l
107'E E . BR = 0.013%
] - 107 : . l
[ ] B : - y A
1
102 . . H !
- - 1 -— e P -
o NEEEE RN NREEE Ll Ll Ll Ll L1 - Y A N L
AN S RETRETRE R REVRET: 1080 900 120 140 160 180 200 [
/s [TeV] M, [GeV] YA
l
Before making a statement on the SM nature of the Higgs, we first need mnu
Once my is determined, all other Higgs properties are calculable
mpu well established in LHC Run-1
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bbH and gg—ZH not

targeted by specific
analysis categories but
implemented in the fit




Higgs boson mass ?ATLAS B

s Combining measurements in H—yy and H—4l decay channels

provides the best mass resolution
& Neglect interference between gg—yy and gg—H—yy :
Amyy = —35 + 9 MeV (ATLAS)

ATLAS Preliminary
V\s=13TeV, 36.1 fb™

—e— Total Stat. Syst.

Total Stat. Syst.

I S SRR EEEAEN
LHC Run 1 | B ! 2 125.09 = 0.24 (= 0.21 = 0.11) GeV E
.................................................. bbb bbb bbb bbb bbbl hh
H—ZZ*—4] : . | 124.88 + 0.37 ( = 0.37 = 0.05) GeV
H—yy : . 1125.11+ 0.42 ( = 0.21 = 0.36) GeV
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ATILAS combined mass in excellent agreement with the LHC Run-1 average
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-009/

Overview of measurements. ATLAS

EXPERIMENT

Probing the Higgs sector provides a test of the SM, constrains new physics

and is sensitive to new particles/processes...

J. Lacey §E¢Si ) 6



ATLAS

EXPERIMENT

Inclusive, fiducial and differential cross sections

L
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H—yy

Two photons (tight ID and isolated):
In| < 2.37 (excluding: 1.37<|n|<1.52)

pr/myy > 0.35 (0.25)
myy € [105, 160) GeV

Jets (anti-kt, R=0.4):
pr > 30 GeV & |y|< 4.4
couplings: ( p; > 25 GeV for|y|<2.4)

Electrons and muons:
e’s : pr > (10) 15 GeV & |n|< 2.47
(excluding: 1.37<|n|<1.52)
w’s : pp > (10) 15 GeV & |n|< 2.7

Backgrounds: yy, y-jet, jet-jet

Extract signal via a S+B fit to
my, spectrum

muy fixed to 125.09 GeV

Correct for detector effects using
bin-by-bin correction factors

Q)
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H—Z7—4¢

Leptons:
e’s:pr>7GeV & |n|<2.47

w’s :pr>5GeV & |n|< 2.7
Jets (anti-kt, R=0.4):
pr> 30 GeV & |y|< 4.4
Event selection:
» 2 opposite sign same flavour pairs

4e, 41, 2e2u, 2u2e
» my2 kinematically constrained to mz
» select based on 4l vertex compatibility
Backgrounds:
Z7Z: MC
Z+jets & top: data-driven

Extract signal via a template fit to
mnvariant mass

Correct for detector effects using bin-by-
bin correction factors
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Total production & H—4I fiducial cross sections. Y ATLAS

EXPERIMENT
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ATLAS Preliminary —— gt uncertaintis 2 100 ATLAS Preliminary — O, M, =12509GeV ]

H— zZ* — 4l - ;:CX?’;’GNEES %TLLO; HXH f [ AH-—yy 0 H—ZZ*—4] QCD scale uncertainty 7
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- Q
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> Opp—H N full (3 [TeV]
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Total production cross sections obtained by extrapolating

H—4l fiducial cross to full phase space using acceptance factors and BR

sections 1n terms of

1 : Similar statistical significance for both channels
epton parings

Individual channel compatibility: p-value = 29%
Compatibility with SM: p-value = 84%
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H—vyy fiducial cross sections

Diphoton fiducial

VBF-enhanced

=
lepton

ttH-enhanced

High ET'°
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ATLAS
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Differential cross sections
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Differential cross sections ATLAS

EXPERIMENT

H—4l measures additional distributions (in backup), including jet based observables
H—yy measures two additional diphoton kinematic distributions (in backup)

Results including a larger set differential variables in preparation...
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ATLAS

EXPERIMENT

Results from the H—-7Z7Z—4¢+ H—7yy combination:
Production cross sections and couplings

L
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H—77—4¢+ H—7yy combination inputs

To increase sensitivity both analyses categorize events

& Categories can utilize variety of analysis techniques

® Categories have different S/B and background uncertainties

ATLAS

EXPERIMENT

& Categories provide sensitivity to production modes and encode couplings

Categorization prioritizes processes with smallest cross sections

s ttH & tHX = VH = VBF = ggF

H—>yy: 31 event categories

® Signal extraction via likelihood fit to my,

H—4l: 9 event categories

® Signal extraction via binned fit (event counting) for
BDT-based (other) categories

Assumptions:
& Single Higgs boson, CP-even, SM kinematics
® Narrow Width Approximation (NWA: I'n ~4 MeV)

J. Lacey §E:Si |
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Signal strength and production cross sections.

ATLAS 13 TeV: u = 1.09 = 0.09(stat.) £ 0.06(exp.)+ 0.06(th.)
Signal strength measurements consistent with SM

ATLAS

EXPERIMENT

o-B

o
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Signal strength and production cross sections ATLAS

EXPERIMENT

ettt
- % ATLAS Preliminary
99 Vs=13TeV, 36.1 fb”
H—yy and H—>ZZ*—4l
my, =125.09 GeV, ly 1<2.5

VBF I e

Measurement e

VH

Stat. uncertainty

Syst. uncertainty D

ttH SM prediction I

| | | | | | | | | | | | | | | | | | |
-1 0

2 3 4 5
Cross section normalized to SM

Higgs production is studied further by separating the production mechanisms

[
L
|
1

Assuming SM branching fractions, a combined fit is performed, to extract the
production cross sections (ggF, VBF, VH, and ttH) for |yu|<2.5

Measurements of ggF & ttH include bbH & tH, respectively
Compatibility with SM predictions: p-value = 5%
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Cross section ratios ATLAS
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I I I I I I I I I I I I I I I I l I I I I l I I I I l I I I
Oyor - Bay [_@ ATLAS Preliminary
Vs=13TeV, 36.1 fb”
H—yy and H—ZZ*—4l
B,,/By, Lo
m;,; =125.09 GeV, ly 1<2.5
Oyver! Oggr I : . |
Measurement g
Oy Ogqr | o ] Stat. uncertainty
Syst. uncertainty ||
[
OttH/ OggF l ° I SM prediction I
|
1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
-1 0 1 2 3 4 5 6

Quantity normalized to SM

VBF, VH, and ttH normalized to ggF and BYY normalized to B4

Jz‘‘B"C20(99—>H+41)-( 7 ).(Bf>

4]
OggF B

Combined fit to extract the production and decay ratios for |ya|<2.5

Compatibility with SM predictions: p-value = 3%
18



STXS framework. @ATLA
| yHl <25

iy Ky

- | —»| > 2-jet VBF cuts [~ > gk

EFT
coeffs

Py low pY.

[ —— . =0 "
< | MVAlow pr(V) ~ high pY¥. ~|:: specmc
T WA high pr (V) \b/ > 1-jet —> BSM
T I very high pY.

c— = .
H—rr B (o (ttH) | o(bbH) | | o(tH) :

Simplified template cross sections (STXS) provide a natural evolution
of Run-1 style signal strength measurements

Maximize sensitivity of the measurements and reduce the theory
dependences that get directly folded into measurements

J. Lacey %’i




STXS categories (H—ZZ—4/). ATLAS

EXPERIMENT

Production bins Reduced Reconstructed event categories
Sl Stage1 :
= 0'jet : . ) o =0
> : 0] - A
p," <60 GeV _Z oL p.“ < 60 GeV
> [ ] py7-Low <
= 1-jet 60 < p," < 120 GeV i _ ) 60 <p,*<120GeV| N =1
p.-H>120 GeV : b, > 120 GeV
= 2-jets [
p.j < 200 GeV . | VBF-enriched p,-Low |< m, > 120 GeV
> VBF-p/Low |;
VBF p, > 200 GeV : ! — p; >200 GeV N =2
> VBF-p/ High . | VBF-enriched p,/-High < jets 1
Hadronic V decay _ m, <120 GeV
Leptonic V decay I N =5
: ttH-Like
ATLA S : t: VH-Had enriched is divided into p,* > 150 GeV and 118 < m,, < 129 GeV
. . « P;*<150 GeV sub-categories for tensor structure
Preliminary : fesumen

J. Lacey §E:Si ) 0



STXS stage-1 combined measurements

J. Lacey §E:Si |

9g—H (0-jet)

gg—H (1-jet, p’;’ <60 GeV)
99—H
(1-jet, 60 < p‘;’ <120 GeV)

99—H
(1-jet, 120 < p_*r’ <200 GeV)

gg—H (= 2-jet, p’ <200 GeV
or VBF-like)

gg—H (= 1-jet, p" =200 GeV)

+ qq—Hqq (p, ~'200 GeV)
qq—Hqq (p"T <200 GeV)

g9/qq —HIl/HIv

99/q9q —ttH

ATLAS

EXPERIMENT

ATLAS Preliminary
Vs =13 TeV, 36.1 fb’

H—yy and H—=ZZ*—4/
m;; =125.09 GeV, ly |<2.5

0.20.40.60.8 1 1.21.4
Ratio normalized to SM

Measurement lo|
Stat. uncertainty
Syst. uncertainty D

SM prediction I

1

0

1

2

3

4 5 6

o, x B, normalized to SM

Results give a good overall agreement with SM predictions
in a range of kinematic regions of Higgs boson production processes

The compatibility of the measurements with the SM expectation
corresponds to a p-value of 9%
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STXS measurement correlations

Correlations

Largest between:
&

&

B,/B

184 41
g9g—H (0-jet)
g9—H (1-jet, p¥ <60 GeV)

gg—H
(1-jet, 60 < p’;’ <120 GeV)

99—H
(1-jet, 120 < p" <200 GeV)

gg—H (= 2-jet, p’;’ <200 GeV

or VBF-like)
gg—H (= 1-jet, p’;’ = 200 GeV)

+ qq—Hqq (p"T = 200 GeV)
qq—Hqq (pr <200 GeV)

99/qq—HIl/HI v

99/qq—ttH
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m, =125.09 GeV, IyHI<2.5

» qq—Hqq ij < 200 GeV has greater tension
between the two channels
Significant between:

&
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» migrations between experimental jet categories
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99/qq—HIl/HI v
99/qq—ttH
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21—‘SM

Kk-framework o(i = H— f)=o™ i ATLAS

L i 2 SM
KHFH EXPERIMENT

¢ Leading-order motivated framework developed by the LHC Higgs Cross
Section WG to study Higgs couplings

useful as long as the overall picture is SM-like

¢ Potential deviations from the SM predictions of the Higgs boson couplings to
SM bosons and fermions encoded into a set of coupling modifiers:

2 _ Y 2 _ By 2 SM 2 k2, T2M
SM K K ., —
) o f B?M H J) J H 1 _ BBSM
production  decay Total width

¢ The same couplings are involved in production and decay modes, hence the
yield measurements need to be be projected onto the individual couplings

q q W/Z
r
2 _ Wz
W @ --- 1 ovpr = (074 k3 +0.26- k%) ovny = hw.z = TsM
W.,Z
q q W/Z

s Loops (ggF, H—Yyy) either expressed with effective coupling modifiers xg4, xy, or
using more fundamental coupling modifiers xx 9 oty

OggF = kg - Ogg = (1.06 - 57 4+ 0.01 - k7 — 0.07 - kykp) - Tpre

J. Lacey @gsg g IR0
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Couplings modifier results ATLAS
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z‘l— 2_5_] I l L | L | L L | L | L | L l I I_
n *  SM prediction ATLAS Preliminary |
|+ Bestfit Vs =13 TeV, 36.1 fo”

2_— Combined 68% CL H—syy and H—ZZ*—4] ]
| e Combined 95% CL |

m, =125.09 GeV
-------------- H—yy 68% CL 7
1 Bl = H—ZZ*—>4]68% CL _.-=="" .. _
1_ 'Q"" ]
0.5 ]
1 I L 1 1 | | [ T | 1L 1 1 | | L 1 1 | | L 1 1 | | [ T | 11 1 1 I 1

07 08 09 1 11 12 13 14
Ky

Boson vs. fermion couplings
e SM Higgs couplings to fermions and bosons very different (Yukawa vs Dy — xg Vs ky)

& Kp, Ky in agreement with SM
& xr <0 excluded at > 95% CL
& 2D compatibility with SM: p-value = 52%
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Couplings modifier results ATLAS

EXPERIMENT

¥>, 1 .5:I T 1 I T T 1 | T T 1 | 1T 1T 1 T T 1 | [ T 1 | T T 1 | 11 I:
, 4:_ % SM prediction ATLAS Preliminary E
E 4+ Best fit (s=13TeV,36.1fb"
1.3 —— 68%CL H—yy and H—ZZ* 4
{0 T 95% CL m,, = 125.09 GeV =
1.1;— —;
1= —
0.9F =
0.8 —
0.7 1 | | | | | | E
0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
Kg

Effective couplings for x, and
¢ No BSM decays (BBSM = 0)

¢ ggF and Hyy loops are allowed to be affected by contributions from
additional particles

¢ 2 free parameters xy, kg, all other coupling modifiers fixed to their SM values
& 2D compatibility with SM: p-value = 68%
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Couplings modifier ratios ATLAS

EXPERIMENT

Measure ratios of coupling modifiers to remove assumptions on the Ko
total width: >\z j = .

Four ratios constructed to probe loop vertices (xg, xy), total width
xm and fermion and vector couplings (xy, xv)

RqoRVv AV K f K
_ 9 _ _ _
Rgv — ’ )\Vg — ’ )\fg — T )"yV —
K Rg Rg Ry
I I I I I I I I I ! I I I I l I I I I l I I I I l I I I I 2 SM
Kqy I-E—I ATLAS Preliminary o ﬁHFH
: Vs=13TeV, 36.1 fo" H — 1_ R
: H—yy and H—ZZ* -4l BSM
i m,, = 125.09 GeV .
7‘VQ ey " Negative ranges allowed for Ag to
exploit the moderate sensitivity to the
N 5 Measurement e relative sign from tHX and 99ZH
vV : i . . . e o e
E Stat. uncertainty Best fit > o, but limited sensitivity
Syst. uncertainty to interference terms
7\fg l ° l
| OI | | | 10151 | | | -il | | | 11 151 | | | 2| | | | 12151 | | | 3 4D compatibility With SM:
. . . ] o
Quantity p-value = 15%
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Conclusion and outlook ATLAS

EXPERIMENT

Recent results from the ATLAS Run-2 H—yy & H—4l analyses presented:
& my = 124.98 + 0.28 GeV, in agreement with ATLAS+CMS Run-1 result

® Inclusive, fiducial and differential cross sections
& Signal strength, coupling modifiers and production cross sections
¢ Improved interpretation methodologies:

» STXS preliminary results presented

» future considerations: EFT and PO

® Increased statistics from the Run-2 dataset and improved theory predictions are
already providing a significant increase in sensitivity

All measurements consistent with SM expectations
Additionally:
¢ H—4Il EFT and PO interpretation (not covered here)

¢ H—yy measurements including many differential distributions and including EFT
interpretation in preparation,

... Stay tuned, the precision will improve over the coming years with Run3
and HL-LHC.

®
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Links to papers and notes ATLAS

EXPERIMENT

13 TeV ATLAS H—yy & H—4l combination:

& Mass: ATLAS-CONF-2017-046

& XS & couplings: ATLAS-CONF-2017-047

13 TeV ATLAS H—yy & H—4l analyses:

¢ H—yy Properties: ATLAS-CONF-2017-045

s H—4l Production cross sections and couplings: ATLAS-CONF-2017-043

s H—4l Inclusive & differential cross sections: e-print arXiv:1708.02810

ATLAS Hyy Mass shift through interferometry: ATL-PHYS-PUB-2016-009

J. Lacey §E:Si 28


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-25/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-009/
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Additional H—Z77—4l differential distributions

ATLAS

EXPERIMENT
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Additional H—yy differential distributions ATLAS
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> r ATLAS Preliminary H—yy,{s=13TeV, 36.1fb™" ] =, | ATLAS Preliminary H—yy,Vs=13TeV, 36.1 fb™]
% -¢- data, tot. unc. syst. unc. - —=100 -¢- data, tot. unc. syst. unc:
= >

S : m,, = 125.09 GeV E = m,, =125.09 GeV
o | = gg—H default MC + XH ] > 4 B gg—H default MC + XH
S 2
-~ ==+ XH = VBF+VH+ttH+bbH -8 & gg—H SCETIib+MCFM8 + XH -

S

8“ 1 = =+ XH = VBF+VH+ttH+bbH

1 O— :"- —
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Ratio w/ default MC + XH
Ratio w/ default MC + XH
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Analysis categories ATLAS

EXPERIMENT

H — ~~ H—Z7Z" - 44

ttH+tH leptonic (two tH X and one ttH categories) ttH

ttH+tH hadronic (two tHX and four BDT ttH categories) V' H leptonic

V H dilepton 2-jet VH

V' H one-lepton, pfﬁLMET > 150 GeV 2-jet VBF, pffl > 200 GeV
V' H one-lepton, pfj_erET;lE)O GeV 2-jet VBF, p?;;QOO GeV

VH EXss ERiss > 150 GeV 1-jet ggF, p3* > 120 GeV

VH ER'™, ER™ 150 GeV 1-jet ggF, 60 GeVip1i120 GeV
VH+VBF pZ" > 200 GeV 1-jet ggF, pii60 GeV

V' H hadronic (BDT tight and loose categories) 0-jet ggF

VBF, p%vjj > 25 GeV (BDT tight and loose categories)
VBF, p%”jinS GeV (BDT tight and loose categories)
ggF 2-jet, pi.' > 200 GeV

ggF 2-jet, 120 GeV < p27i200 GeV

ggF 2-jet, 60 GeV < p1'j120 GeV

ggF 2-jet, p1’ < 60 GeV

ggF 1-jet, p1" > 200 GeV

ggF 1-jet, 120 GeV < p1.'j200 GeV

ggF 1-jet, 60 GeV < p17i120 GeV

ggF 1-jet, p.' i 60 GeV

ggF 0-jet (central and forward categories)
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STXS category composition: H—ZZ—ux. ATLAS

EXPERIMENT

|yH| <25

" | ggF-0j 1 VBF- p Low
ATLAS Simulation Preliminary gy oqr.1; o Low  VBF-p High
. VH- Had
H— 7Z7* — 4| B ggF-1j- p Med o VH-Lep
13 TeV, 36.1 fb” B goF-1i-p7 High gt
B ggF-2j B bbH

Oj
1] pi'-Low
1] pj'-lvled
1j p?-High

Reconstructed category

VBF-enriched pjT -Low
VBF-enriched pJT -High
VH-Had enriched
VH-Lep enriched

ttH-enriched
0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Expected Composition

J. Lacey 9‘:5:3{ ) 33



STXS stage-1 regions. ATLAS

EXPERIMENT

ATLAS preliminary Y; = E Ai,j T - (O'i . B4Z)SM Tl 5 - L
)

VH (H + leptonic V)

. . VBF cuts
= 2748t i 900

qq - VH

|
I I

W — fv (+) Z — b+ vD

—>

> p¥ [0,150] > pY [0,150]
pY. [150,250] pY. [150,250]
= 0-jet = 0-jet
(+) (+)
> 1-jet > 1-jet
py. [250, o0] »| pY [250, oo
bbH

.

3)

Regions enclosed by red boxes are merged,
except for those indicated by the "+" sign

bbH is merged with the ggF

(+)

~
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STXS signal fractions: H—yy

ATLAS Preliminary H —yy, m

bbH |

tHW

tHgb

ttH

gg — Hll (= 1-jet, p! = 150 GeV)

gg — HlIl (O-jet, p¥ = 150 GeV)

gg — HIl (p¥ <150 GeV)

qq — HIl (pY =250 GeV)

qq — Hll (= 1-jet, 150 < p!Y <250 GeV)
qq — HIl (O-jet, 150 < p¥ <250 GeV)
qq — Hll (p¥ <150 GeV)

qq — Hiv (p? =250 GeV)

qq — Hiv (= 1-jet, 150 < p¥ <250 GeV)
gq — Hlv (0-jet, 150 < p!¥ <250 GeV)
qq — Hiv (p¥ <150 GeV)

qq — Hqq (p; =200 GeVg

)

)

)

)

)

)

)

)

STXS Regions

qq — Hqq (rest

qq — Hqq (VH
qq — Hqq (VBF-like, 3-jet

qq — Hqq (VBF-like, 3-jet veto
ggH (VBF-like, 3-jet

ggH (VBF-like, 3-jet veto

ggH (= 2-jet, p!' =200 GeV

ggH (= 2-jet, 120 < p" <200 GeV
ggH (= 2-jet, 60 < p* <120 GeV
ggH (= 2-jet, pt <60 GeV)

ggH (1-jet, p = 200 GeV)

ggH (1-jet, 120 < pt <200 GeV)
ggH (1-jet, 60 < pi* <120 GeV)
ggH (1-jet, p* <60 GeV)

ggH (O-jet)

. . . Z0 NI=>==0IL>s 555085
signal event fractions in each o cﬁg oy cﬁg Sgddsddsn EJ
reconstructed category 332222333322 2238 s

° ° ° ° %IIIIIIII:E%E@“:E"CI S
originating from a given 833235383538 285T> T

° [ _IL(_D'H >
simplified template cross 58 Lt

>

section region
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VBF vs. gg¢F cross sections ATLAS

EXPERIMENT

ggF and VBF cross sections measured with the best precision

Anti-correlated since the VBF selection categories have
significant contribution from ggF production

.Q. : L | L | L | L | L | L | L | L
2 40" —— Combined 68% CL ATLAS Preliminary
LL | ]
N Combined 95% CL Vs=13 TeV, 36.1 fb” =
S H—>yy 68% CL H—yy and H—ZZ*—4l -
301 -+ H—>ZZ*—4] 68% CL my,; =125.09 GeV, ly |<2.5 o e
C 4 Bestfi 1 2D compatibility
o5 T e - .
— [ SM prediction . with SM
sof . E predictions:
- . p-value = 3%
15 . -
- s — + ]
sE- e -
— SM _
[ I I | | I I | | I I | | I I | | I I | | I I | | I I | | I I |
10 20 30 40 50 60 70 80

o(VBF) vs. o(ggF) likelihood contours for each analysis channel and their combination
(VH and ttH profiled with the data)
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STXS stage-1 ATLAS
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o & | — =
Qo —  gg—H, O-jet ATLAS prellmlnar_‘{1 o Data =
=_ Vs=13TeV, 36.1 fb ; 7

o ) qq—Hqq
- B gg—~H, 1-je H—yy and H—>22"—4 Pl <200 GeV s SM —

~—
o} — - =
B gg—H, = 2-jet _
B pH < 200 GeV + _
gg—H, 1-jet T
i /qq—HIl/HI
1 b= m\ ?g 60 < p! < 120 GeV or VBF-like 99/99 ——
E =~ 16 B b - . E
_ Z14¢ I H 1-iet gg—H, = 1-jet * ]
o 1of - g9 pi = 200 GeV |
B 10t | 120 < ,DT < 200 GeV + qq—Hqq ! B
8 p._=200 GeV

Simplified template cross section measurements
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ATLAS Run-2 cross section correlations. ATLAS
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I
ATLAS Preliminary ;
ggF s=13TeV, 36.1 fb” 08 %
H—yy and H—=ZZ*—4| 0.6
m,=125.09 GeV, ly 1<2.5 |
H Vi —0.4
VBF
VH
I I 1 -
ATLAS Preliminar -
O‘ggF : B4/ { 08 \>_</
Ty Vs =13 TeV, 36.1 fb" ot
tt H—yy and H—-ZZ*—4l 0.6
B,,/By, m,, =125.09 GeV, ly I<25 | —0.4
m n T T 5
5 0 > = — —0.2
GVBF/GggF —0
—-0.2
0‘VH/OggF —04
-0.6
O‘ttH/O‘ggF _08
-1

Oygr/ OggF
OVH/OggF
OttH/OggF

OggF * B,
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Combination: statistical methodology ATLAS

EXPERIMENT

Combine measurements and fit for T, ( — 9:’( _,) )

parameters of interest (POI) using a profile A — , EX

likelihood ratio (A) T ( ~ é»)
Y )

» a: a vector of POI

> 0: nuisance parameters (NP), corresponding to systematic
uncertainties

b Q, 0 are the values of the POI and NP that maximize L

b 5(6(' ) is the value of the NP that maximize L for a given d
> Assume asymptotic approximation: f(A) = y?(ndof)

Theory uncertainties QCD, PDF, UE+PS, B/
uncorrelated between production modes (except for VBF+VH)
Experimental uncertainties correlated between analysis channels
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Cross Sections ATLAS

EXPERIMENT

Si g g Number of signal events

measured in data

Cross section * O; —

- A; - B-[,int

S Integrated

luminosity
Correction for detector
resolution and
inefficiencies Acceptance Branching fraction
Cross section sig sig
in a fiducial v, do; V;
region or bin of * 0fid,i — —
a differential Cz ‘ »Cint dXz’ AX@ ’ Cz ' L:int
distribution
depepds on event Goal: measure model independent
selection and decay .
detector-corrected event yields

channel

J. Lacey §E:Si
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Production and decay signal strengths ATLAS

EXPERIMENT

Combine categories and fit for cross sections (0i) or signal strength of
different production processes (i) and final states (f)

P Mf:B_f = o; - B
" oism BL,, “ (o;-Bl)swm

Analyses extract signal yields:

518 — L3 (UzAfSMGZ SMBf>

= L2y (,UZO'Z sMmA; SME{SMMJCB )

where [ is the luminosity, € efficiencies, A the detector acceptance and ui, v are
production and decay signal strengths

.
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Higgs Discovery: July 2012

® Crowning achievement of Run 1

® To determine whether the discovered boson
is_fully compatible with the Standard
Model Higgs, precise property
measurements are required

o Large effort towards studying its
properties and searching for NP

o LI | LI | T T 171 | T T 171 | T T 171 | T T 11 | T T 11
o
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| ¢ Data
S+B Fit

[ e B Fit Component
[ J+1o

. [ +20

Ll | | T | T | | T | | T | L1
110 120 130 140 150

m,, (GeV)

" eData
= - Background zz"

E - Background Z+jets, tt

- D Signal (mH=125 GeV)

" %/, Syst.Unc.

(s =7TeV:[Ldt=4.8 fo
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H—yy
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Run Number: 191426, Event Number: 86694500
Date: 2011-10-22 15:30:29 UTC

NS SN N S EN N SN
NUANANNAND NN

ATLAS

EXPERIMENT

43



ATLAS

EXPERIMENT

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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Event selection ATLAS

EXPERIMENT

H—yy

Region Definition
Inclusive -
VBF mijj; > 400 GeV, |A¢7y,jj| > 2.6, |Ay]]| > 2.8
Niept at least one lepton associated with the Higgs boson decay

High-MET at least a missing transverse energy of 80GeV and p? > 80GeV associated with the Higgs decay

ttH

at least one lepton, 3 jets (1 b-tag) OR no leptons, at least 4 jet (1 b-tag)

J. Lacey §E:Si |

H—Z/7—4¢

Leptons and jets

Muons: pr > 5 GeV, |n| < 2.7
Electrons: pr > 7 GeV, |n| < 2.47
Jets: pr > 30 GeV, |y| < 4.4

Jet-lepton overlap removal:  AR(jet,¢) > 0.1 (0.2) for muons (electrons)

Lepton selection and pairing

Lepton kinematics: pr > 20,15,10 GeV

Leading pair (mi2): SFOS lepton pair with smallest |mz — myy|

Subleading pair (msq4): remaining SFOS lepton pair with smallest |myz — myy|
Event selection (at most one quadruplet per channel)

Mass requirements: 50 < my2 < 106 GeV and 12 < m34 < 115 GeV

Lepton separation: AR(4;,0;) > 0.1(0.2) for same- (different-) flavour leptons

J /¢ veto: m(l;,¢;) > 5 GeV for all SFOS lepton pairs

Mass window: 115 GeV < map < 130 GeV
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