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ATLAS 2011 2012

) The Higgs boson was 1s=7TeV: [Ldt=4.6-481b" *gf:
discovered by ATLAS and CMS 1 \S=8TeVILdl=5859'b1Di1o 0G
In 2012 e Tl | ’

- a major step for understanding the ol S O ‘0
electroweak symmetry breaking B — e L

- Since then, many Higgs N 1«
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property studies (spin, parity, 16115
mass, couplings, cross sections,

T T T LJ T ‘ 14 1 L I | ] 1§ | | ] | ) 14 ' T | ]
etc.) have been performed ATLAS ~Total * Stat. only
Run t s« 7-8 TeV, 25fb”, Run 2: {5 < 13 TeV, 36.1 fo’ Total  (Stat. only)
Run 1 H -4/ 124.51+0.52 ( £ 0.52) GeV

- no deviation from the Standard

RUﬂ1H—J‘/‘/ Pr—— 126,02 £ 0.51 ( £ 0.43) GeV

Model (SM) prediction was found Run2Ht 1267 £037  £036) Gov
Run2 H—yy — 124,93 £ 0.40 ( £ 0.21) GeV
. . un 142 H-4! -—o—la 124.714 0.30 ( £ 0.30) GeV
- Today: Higgs physics results .
with up to 80 fb™ of 13 TeV data | pmiorm T meeacene
. Run 142 Combined ——n
- (selection from a larger set of new ATLAS +CMSRun 1 e 125091 0.24 (1 021) GoV

results) 23 Y24 12 126 127 128
m,, [GeV]
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In Standard Model, Higgs boson couple to fermions
(quarks and leptons) through Yukawa interactions

giving masses to quarks and leptons

Yukawa interactions are “a new kind of fundamental
interaction” -Gavin Salam at LHCP theory summary talk

important to study the Yukawa sector

Experimental signatures: ttH production (today), H—17
decay (today), etc.

Yukawa couplings are proportional to fermion masses
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Month in Year

« 13 TeV proton-proton collision data recorded by ATLAS and
after data quality requirement

« 2015-2016: 36 fb1, 2017: 44 fb™"
 Thank CERN for the successful LHC operatlon'
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Mean Number of Interactions per Crossing

 Mean number of interactions per crossing (pileup):
o <2015-2016>: ~24, <2017>: ~38
* high pileup could be challenging for physics results
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Performance vs pileup
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* Robust performance against high pileup

» great effort in detector operation and particle reconstruction




Part 1: ttH observation
ttH (H—vy)
ttH (H—-ZZ*—4-lepton)
ttH combination
Part 2: H—17 cross section measurements
Part 3: H—-ZZ*—4-lepton property measurements



Part 1: ttH observation



A probe of fundamental interest:

9
the Yukawa coupling between the
Higgs boson and the top quark, H
the heaviest particle in SM pGb ===~
Higgs-top Yukawa coupling can 7 y

be indirectly probed via the
gluon-fusion production cross
section and H—yy decay branch H
ratio (loop-level processes)

BSM particles could be present
In the loop



A more direct test of this coupling
can be performed through the
production of the Higgs boson in
association with a top quark pair (ttH)

A very rare Higgs production mode
(~1%); tree-level process

Could get handles on BSM physics
by comparison between loop-induced
processes and direct ttH production

10



Study ttH production

. Needtoncnlde dlffernt |ggs bosn decay S
channels for such a rare production mode! larger S/B

. ttH, H—>ZZ*—4-lepton
- ttH, H—-yy

- ttH, multi-lepton (H-WW?*, tt, ZZ*, excluding
Z/*—4-lepton)

- ttH, H—bb
larger BF

Top Pair Branching Fractions

“alljets” 46%
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Study ttH production

. Prewous ATLAS ttH results combining 36. 1 fb1 of 13 TeV
data, observed (expected) significance of 4.2 (3.8)
standard deviations

- CERN seminar by Ximo Poveda (with a focus on ttH
(multi-lepton) and ttH (H—bb))

( tot.) (stat syst. )

:q'IrLYA]S' - IFT 113};\/ 3er1 fo!
— total stat.
JHEP 03 (2018) 095 tHzz| T <1.9 (68% CL)
arxiv:1802.04146 tiH vy e 0.6 ‘5 (06,05 )
PRD 97 (2018) 072016  ibs| e 08 Y5 (%os: %05 )
PRD 97 (2018) 072003 vou 16 05 (03104
PRD 97 (2018) 072003 b1z4, """ ( >
-2 0 2 4 6 8 10

Bestfitu_ form,=125GeV  p=o/osm


https://indico.cern.ch/event/656771/

Latest CMS ttH results:

combining data at 7, 8, and 13 TeV,

observed (expected) significance of 5.2 (4.2) standard
deviations (PRL 120, 231801)

+ JHEP 11 (2017) 047 (ttH, H—>ZZ*—4-lepton)

% arxiv: 1804.02716 (tth

% arxiv: 1803.05485 (tth

, H—vyy)
, multi-lepton)

+ arxiv: 1803.06986, arxiv: 1804.03682 (ttH, H—bb)

Now: ATLAS ttH (H—yy) and ttH (H—-ZZ*—4-lepton)
results are updated with 80 fb-! of 13 TeV data, and
included in ttH combination (arxiv: 1806.00425)



ttH (H—yy) (80 fb)

- =-=-==-H H------ W, t,b

arxiv: 1806.00425; June 2018



Select events with two photons and at least one b-jet

->Separate to hadronic channel (niep = 0) and leptonic
channel (niep >= 1)

Background: continuum bkg. (yy, ttyy, etc.) and resonant bkg.
from other Higgs production modes (ggH, tH, etc.)

->In each channel, train a Boost Decision Tree (BDT) with
XGBoost package

* define categories based on BDT output

=>Fit diphoton mass over 7 categories

* robust continuum background estimation from data sidebands;
narrow signal peaks around Higgs boson mass

->Measure ttH production cross section, etc.



Hadronlc channel ttH (H—vy)

1_IIII|IIII| IIIIIIIIIIIIIIII |IIII|IIII|IIII|:IIII:

» Target aII hadronic top- 2 T
quark pair decays, or & o7 Fiirvreewt e
semi-leptonic top-quark § o7 o E
pair decays with leptons § °6 E
not identified iy o :

»  BDT trained with ttH O s st E
simulation and data ot iE
control region, using: R R TR R T LR

¢ pT,n, ¢, and b-tag ST ouRd
status of first § jets » Define 4 categories in
(sorted by pT) hadronic channel based on

< MET and ¢(MET) BDT output, to exploit its

s pT/myy, n, and ¢ of 2 good separation power

photons



Leptonic channel ttH (H—vy)

2 P IR R I IR
§ 09— ATLAS 1 —o—Data Sideband =
T t i_| t . L 082_ 's=13 TeV, 79.8 fb’ :gnttHnggs E
) arge . sSemil ep OonicC ° - Lep region I:I
. ©) 0.7 : —
top-quark pair decays g . o7 g TH E
» BDT trained with ttH a3 E
simulation and data 03 o i +
control region, using: 02 b it gttt E
e i ME
: - - A
X R R n e cx = P P RS LIPS S T S i, B
F_)T’ r]’ (I) Of fIrSt4JetS’ 0) H(;T.O2 03 04 05 06 0.7 0.8 09 1
first 2 leptons (sorted BDT Outpu
by pT)
# MET and ¢(MET) » Define 3 categories In
leptonic channel based on
+ pT/myy, n, and ¢ of 2 BDT output, to exploit its

photons good separation power



- Model of ttH signal and non-ttH Higgs background

» Yields from non-ttH production modes estimated from
simulation

<+ assign 100% uncertainties on ggF, VBF and VH separately,
due to current understanding of heavy-flavor production

» Mass shapes: parametrized from simulation with double-
sided crystal ball functions in each category

* Model of continuum background.:
» Analytical functions fitted on (unbinned) data
» From dedicated background-only samples

<+ checked the BDTs do not induce a bump
<+ studied functional forms and associated uncertainties



Diphoton mass: all categories  tiH (H-vy)
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* Diphoton mass spectrum peaks at the Higgs mass around 125 GeV
« 36 *1%41 ttH (H—vyy) events fitted over 7 categories

»  ~90 ttH (H—yy) events are expected to be produced at ATLAS
during 2015-2017



Event yields: all categories fiH (H-vy)

. Number of events in each category, in the mass wmdow
containing 90% of the S|gnal events

n
= 100—
§ - ATLAS ¢ Data
2 B ) y B ttH (u=1.4)
a0l s=13 TeV, 79.8 fb Non-ttH Higgs
- B Cont. Bkg.
60
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Had4 Had3 Had2 Had1 Lep3 Lep2 Lep1
Expected S/B: 005 013 041 18 0147 045 1.8
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__ttH (H—vyy) results: significance 1 #-vw)

ttH, H— yy: 80 fb-! expected significance observed significance

Had categories

Lep categories

Had+Lep categories

The new ttH (H—yy) analysis is 50% more sensitive than

the previous publication (arxiv:1802.04146), for the same
luminosity

The largest sensitivity improvement (about 30%) is
achieved by using object-level information of jets,
leptons, photons and MET as inputs to BDT
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» Signal and background differ in object-level variables

* Cannot be shown in such figures: correlation between
training variables

Chen Zhou (Wisconsin)
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Some variables not in BDT training ttH H-vv)

% L DA I L L L A L % I B L L L L B
() ~ . () —
= 0.5_—ATLAS .4 Best 2 BDT categories £ 0.5 -ATLAS . 4 Best2BDT categories -
G Vs =13 TeV, 79.8 fb" - Rejected events © Vs =13 TeV, 79.8 fio .
S - —— {tH signal - 5 N L meees Rejected events
S 0.4 ] c 04> lep, =1 b-jet ]
5 - O-lep, = 3 jets, = 1 b-jet ] = - — ttH signal ]
© — — (4y] L _
L o3[ Im, - 125] <5 GeV E T 03[ 105GeV < m, <160 GeV
0.2 — 0.21 B
0.4 T - 0.1 5 + -
obed ™1 T RIS S s — N ll*]Hﬁ——,_}—
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Hadronic channel Leptonic channel
Top candidate mass Transverse mass

(based on top reconstruction)

* The distributions of data in best BDT categories follow the

distributions of ttH simulation

* These variables are for validation and not directly used in

analysis
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EXPERIMENT

ttH (H—vyy) Had1 candidate, with m,, = 125.4 GeV and six jets;
S/B (Had1) ~
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ttH (H—2Z*—4-lepton)
(80 b”')

g %///

F----H e

.(/@33333\\/

arxiv: 1806.00425; June 2018



Analysis strategy  tiH (H-zz'—4-lepton)

»  Select events with four leptons forming two same-flavor
opposite-charge lepton pairs, and at least one b-jet

»  Background: ttW, ttZ, and other Higgs production modes
» Hadronic region (no additional lepton):
< targeting hadronic top-quark pair decay

R/
%*

train a BDT, further separate events into 2 BDT
regions

» Leptonic region (at least one additional lepton):
<+ targeting semi-leptonic top-quark pair decay



Results ttH (H>ZZ*—4-lepton)

wnld |
- e Data
qc) i ATLAS s tH
T — tH
0 1.20°H - 77" — 4 ggF-+bbH
- 13 TeV, 79.8 b’ ://EIF
11—115<m, <130 Gev 77

tt+V, VVV
B Z+jets, tt
v Uncertainty

0.8

>

0.6

0.4

0.2

|

0
Had BDT2 Had BDT1 Lep

» Use event yields of the above regions as discriminant
» expect ~0.6 signal events over small background, observe 0 event

» The observed (expected) signal significance is 0o (1.20) in ttH
(H—-ZZ*—4-lepton) analysis




ttH combination and
results

arxiv: 1806.00425; June 2018



Combine four 13 TeV ttH analyses
vy (80 fb-1): arxiv: 1806.00425, NEW
4-lepton (80 fb-1): arxiv: 1806.00425, NEW
multi-lepton (36 fb-1): PRD 97 (2018) 072003
bb (36 fb-"): PRD 97 (2018) 072016

The relevant systematic uncertainties are correlated
between the analyses

Non-ttH production cross sections are fixed to the SM
predictions

Also combine the 13 TeV analyses with the 7 TeV and 8
TeV analyses

29



ttH significance ttH combination

Analysis Integrated Expected Observed
luminosity [fb~!]  significance significance

H - yy 79.8 3o 410

H — multilepton 36.1 2.80 410

H — bb 36.1 1.60 1 40'

H—-ZZ" - 4 79.8 1 20‘

Combined (13 TeV) 36.1-79.8
Combined (7, 8, 13 TeV) 4.5, 20.3, 36.1-79.8

The observed (expected) signal significance is 5.80 (4.90)
in the Run 2 ttH combination

The observed (expected) signal significance is 6.30 (5.10)
in the Run 1 + Run 2 ttH combination

Observation of ttH production at ATLAS!



Events/bin

S+B frac.

Pull
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Event yields in 13 TeV ttH analysis regions tH combination

* Analysis regions are

grouped by log10(S/B)

A ttH signal-like excess is

visible for high log10(S/B)

* Background-only model

Is not favored by data



Uncertainties ttH combination

Uncertainty source Aoig [0y [90]
Theory uncertainties (modelling) 11.9
tt + heavy flavour 9.9
ttH 6.0
Non-tf H Higgs boson production modes 1.5
Other background processes 2.2
Experimental uncertainties (excl. template statistics) 9.3
Fake leptons 5.2
Jets, E;“iss 4.9
Electrons, photons 3.2
Luminosity 3.0
T-lepton 2.5
Flavour tagging 1.8
MC statistical uncertainties 4.4

- The dominant systematics are ttH, tt+heavy flavor, and
fake lepton modeling

- The impacts from systematic uncertainties and statistical
uncertalntles are about the same
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13 TeV ttH cross section measurement tiH combination

[ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [
ATLAS e Total Stat. [ Syst. — SM
Vs=13TeV, 36.1-79.8 fb”

Total Stat. Syst.
ttH (bb) H ~ | H 0.79= ool (= 952 ,+0.53)
ttH (multilepton) He—— 156+ 052 (= 330 ,= 039
ttH (yy) == 139+ 042 (= 0% .= o50)
ftH (Z2) fe <1.77 at 68% CL
Combined H=—H 132+ 320 (2018, = 7))
| | | | I | | | | I | | | | I | | | | I | | | | I | |

-1 0 1 2 3 4
SM
Oy O

* The ttH production cross section at 13 TeV is measured to be
670 + 90 (stat.) *"%.100 (syst.) fb

»  ~20% total uncertainty (yy, 4-lepton, and several multi-lepton
channels are still strongly statistical limited)

« The SM predlctlon is 507 *3°.5 fb
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ttH cross section measurement: 8 TeV & 13 TeV ttH combination

3‘ 1: [ | [ [ [ | [ [ [ :
= 0.9- ATLAS E
.% 0 85— B Theory (NLO QCD + NLO EW)

% 075_ $::logyombined data ]
T 060 E
0.5F -
0.4F 3

0.3-

.2__ —]
0 - s=13TeV,36.1-79.8 0" ]
0.1 & g (s = 8TeV, 2030 -

O:|||||||||||||||||||||_
6 8 10 12 14 16

s [TeV]

e The measured ttH cross sections are so far in agreement
with the SM model prediction



Part 2: H—tt cross section
measurements (36 fb'1)

ATLAS-CONF-2018-021, June 2018



The first observation of the H—77 decay mode with 5.50

was achieved from a combination of ATLAS and CMS Run
1 results

A recent H—tt measurement by CMS reached 4.90 using

35.9 fb1 of Run 2 data and 5.90 after combination with Run
1 data

H—tt Is currently the only accessible leptonic decay
mode of the Higgs boson

could provide sensitivity to CP violation in the Higgs-
fermion interactions



Use 36.1 fb™" of 13 TeV proton-proton collision
data collected by ATLAS

3 analysis channels to consider all
combinations of the leptonic and hadronic tau
decays: it 2n0y

TiepTlep (~12%): N(lepton) = 2, N(hadronic tau) = 0

TiepThad (~46%): N(lepton) = 1, N(hadronic tau) = 1

ThadThad (~42%): N(lepton) = 0, N(hadronic tau) = 2
Major background:

Z—11 production (discriminant shape estimated
form simulation while normalization is determined
from data sidebands)

misidentified hadronic tau (estimated using data-
driven methods)




VBF regions Ho1t

»+ In each channel, define “VBF” signal regions/
control regions (with at least 2 jets) to target
VBF production mode of Higgs boson

- Reconstructed di-tau masses (m.MMC)
distributions in different VBF signal regions:

I'YYY]YTT ]_. YYYYY IYTYTTYTYI YIYYYT[YYYYI

> - > . > -

(@) () ()
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® - \s=13VTBe::I 3?‘ 1ét'>:i -g ,;.- ] @ vs=13$g\:: 36h"§R :éh;,; N ® - \3=13{/e8VF36h1ng :g' ,,;

r r. he ckgr .
§ 4 fiep fep tight  Top § 10* flep™h tight Misiden:ﬁog r o 4 Thad Fhad tight ! Ms»den:ﬁog r —
) - = = = 3%?33" T Uncertainty u>J C Uncertainty

IS (hl} T -

3L— Uncenainty e 3_

2: 2F

1 1
2 2 2.
o o o 15
© < T B
© w 0. © 0.5 -
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50 100 150 200 0 50 100 150 200
T VBF m¥MC [GeV] VBF miMC [GeV] mMC [GeV]
lepTlep TlepThad ThadThad VBF
tight SR tight SR tight SR

Chen Zhou (Wisconsin) _____ CERN Seminar __ 6/26/18 38



‘Boosted regions ot

- In each channel, define "boosted” signal
regions/control regions (orthogonal to VBF
regions, pt*> 100 GeV) to target ggF
production mode of Higgs boson

- Reconstructed di-tau masses (m.;M1C)
distributions in different boosted signal regions:

% T IY'TI T TY'IT YIY‘-Y]"‘IY.‘ %200 T I L B A T L I ! %200>_v L I L B [ ¥V T T 7T T | Yﬁ
O ATLAS Preliminary = 7270300 O [ ATLAS Preliminary = " 270 f°o‘§) O ATLAS Preliminary = 7270300
P Vs=13TeV, 36.1fb™' —F e 5150F Vs=13TeV, 36.1fb™ —y e P Vs=13TeV, 36.1fb™' 2o
< t_ boost. high-p* SR 1 Z - [ = boost. high-p?* SR M Other Backgr. ] < L boost. high-p** SR B Other Backgr. |
m100 fiep fep gh-py B Top - ) fiep Thad oh-p; Misidentified r & 190 Fradhad oh-py Misidentified r
L.l>J Bl Other Backgr. Lﬁ Uncertainty U>J Uncertainty
Misidentified -
Uncentainty il 100
50 -
' 50 -

T T 7 T rrr] g) g) T 11 F ?1
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the Z — 77 simulation

- not included in the final fit

- Generally the simulation models well the Z — 7 background
in various topologies
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Perform simultaneous fits using reconstructed di-tau
masses (m:"MC) in 13 signal regions and event yields in 6
control regions from 3 analysis channels

normalization of Z — tt is floated in the fits

minor background (Z — Il and top) are constrained by dedicated
control regions

The observed (expected) H—1t significance is 4.40 (4.10)
In 13 TeV results

The observed (expected) H—1tt significance is 6.40 (5.40)
combining /7, 8, and 13 TeV results



Ho1t

Results: uncertainties

Source of uncertainty Impact Ac/oy_ . (Y)

Observed Expected
Theoretical uncert. on signal +13.5/ —-87 +11.9/ —7.7
Background statistics +11 /—10 +10.2/ —9.8
Jets and EF™  +11.5/ —9.3 +10.5/ —8.6
Background normalization  +6.8/ —4.8 +6.6/ —4.6
Misidentified = +4.5/ —4.2  +43.7/ —-34
Theoretical uncert. on background  +4.6/ —-3.6 +5.1/ —4.2
Hadronic taus  +4.7/ —=3.0 458/ —4.2
Flavour tagging +3.3/ —24  +2.9/ —-2.2
Luminosity  +3.3/ =23  +43.1/ =22
Electrons and muons  +1.2/ —-1.0 +1.1/ —0.9
Total systematic uncert. +24 /—20 +22 /-19
Data statistics +16 +15

Total +28 /—-26 +27 [/ —25

« ~27% total uncertainty

» dominated by systematic uncertainties (signal theoretical
uncertainties, MC stats. for backgrounds, and Jet/MET
uncertainties)
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Results: cross sections Hot

LI l L L I LI I L I L 1 l L L l T 17 I 1 LI I L ] | B 1
ATLAS Preliminary Vs=13TeV, 36.1fb™"
—total —stat. -~ SM exp. total (stat., syst.)
‘ +1.38 [ +0.77 +1.15
Thad *had : 249 77 (4)_74 ' 001 )
149 ;4084 +1.22
TIep Thad — . 3.07 t1.31 ( 0.83 ’ -1.02 )
Tiep Tiep P — N - g?g ( t::? . jjg )
Combination - e - 3.71 f;_‘gg ( jg'gg , igf: )
A1l l L1 ) l L1 1 l L1 1 l | l L1 1 l L1 1 l L1 1 l L1 1 l -
O 2 4 6 8 10 12 14 16 18 20
O-H—> TT [pb

o(H—771): combination
& separate channels

 The measured H—tt production cross section at 13 TeV is
3.71 080 4 59 (stat.) *9-87_5 74 (syst.) pb

 The SM prediction is 3.43 £ 0.18 pb




Results: cross sections Hot

g 08T T
. . - -- 68% C.L. B
o ! B < Best fit 7
>bI 0-6_— + SM i
0.4 —
0.2 -
o -
- ATLAS Prellmunarx -
- (s= 13TeV 361fb‘ i
—0-2_. , R SR BT BT R RN Y

-2 o 2 4 6 8 10
on.. [pb]

* Also measure ggF and VBF production cross sections simultaneously:
»  o(VBF, H—t1) = 0.28 + 0.09 (stat.) ™" 509 (syst.) pb
v o(ggF, H—>77) = 3.0 £ 1.0 (stat.) *'°4, (syst.) pb

* All measurements are in agreement with the SM predlctlon
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Part 3: H—ZZ*—4-lepton
property measurements (80 fb )

ATLAS-CONF-2018-018, June 2018



» “Golden” Higgs decay channel with high S/B ratio

»  Use 80 fb-! of 13 TeV proton-proton collision data
collected by ATLAS

»  Select H—-ZZ"—4| candidates (next page)
» Measure Higgs properties with granularity:

fiducial and differential cross sections
production mode and simplified template cross sections
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4

Select events with four
leptons forming two

- ite- > T RRRRN RARRERAREN REREN RRRLN RARLE RARRE RARRS
same-flavor oppgsne 8 [ ATLASPreliminary * °* :
charge lepton pairs: 2100 [, 77 4 e Ve

. . —_ - 13 TeV, 79.8 fb’ B z+jets, ti, ti+V, VWV
+ |eading lepton pair: 2 ogl W) corainy h
-
closest to Z mass g |
% four channels: 4e, o0
2e2U, 2u2e, 4\ 40
115 GeV < m4 <130 GeV
o : 20
for statistical analysis :
(195 events observed) 0
_ 80 90 100110120130 140 150 160 170
Major background: m, [GeV]

iIrreducible ZZ* production
(modeled by simulation)



Fiducial and differential measurements H-zz*-a4i

» Define fiducial phase space to closely match analysis
selection

» o extract signal event yield in each decay channel or
each differential bin, ma; distribution is fitted

»  ODbtain cross sections using correction factors from
simulation (and bin-by-bin unfolding)




Fiducial cross sections H—ZZ*—4l

Data

ATLAS Preliminary |:] Syst. uncertainties
H — 77* — 4] =  SM(ggF @N3LO + XH)
+ MG5 FxFx + XH
13 TeV, 79.8 fb” % NNLOPS + XH
A HRes 2.3, NNLO+NNLL + XH
» Fiducial cross section g, .t g ,.E 2 9

$ 80

70

are measured
inclusively and 5
s 3:— 60 .
separately for decay 1;_%] $ 25k 4] N T
channels 08} [# . 2f 40 :
0.6 1.5F [¥1 . 30

.
N
| DL L A

Cross section
> B
| |

+
()
(8] NN
A |
————
n
=

» Also extrapolate for 04F ‘ ”
total cross section “E ¥ -

’fd 0-’@ o’fd o’fd ol ol oglic olic o
IJ?@ en?l 4”»402/12(_) ;’(S J

7YY S VI

o(fiducial, 4, 4e, : - o(total
2026 or 2624) o(fiducial, 41) o(total)
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leferentlal Cross sectlons H—ZZ*—4l

* Dlerntlalcross sectlons ar fesented for
+  pTaL: test QCD calculations and sensitive to BSM physics

*  Njets: sensitive to modeling of gluon emission, fractions of
different production modes and BSM physics

= 1 T T T T T T T T T — 3.5 T T T
> 0.12|— ATLAS Preliminary ¢ Daa J = - ATLAS Preliminary ¢ ga{ -
O [ Ho 22" >4 _J Syst. uncertaintios ] © g-H- 22" >4 T Myé:i ::gi I\am ?i? XH ]
1 " b 1 : - —4
é " 1; 13 TeV,79.81b B MG5 Fxe’A « 1.47, +XH E : 13 TeV. 79.8 b —— oo R
— N S NNLOPS K = 1.1, +XH - o5 G555 XH = VBF+WH+ZH+ttH+bbH _~
;' : rrrr7r XH = VBF+WH+ZH+ttH+bbH ; . | Total stat. ® syst. uncertainty -
- 0.08 Total stat. @ syst. uncertainty __| - -
= ’ ?H H p-value NNLOPS = 7.8% - o L p-value NNLOPS = 18% —
- — - -
g oocb-| Al p-value MGS FxFx = 9.4% - - | i p-value MGS FxFx = 17% ]
F h PH e 1.5
e TaL & : N
R & - -
0.04-4 p 4L 58— ) 3 | jetS E
r |- 3 : 3 " ]
i e o 7] » 1
0.02 * + i 4 3 0.5 - . -
L . ° - E
0 i. P s o 'v""l--."A"»(-:v".'-““:'j’f':.“l sssss ]‘f"'ﬂ‘,;" m 0 f‘-;:_-‘,- mEIIIIPD 01--‘.---.'....1'--”.. ?":‘~’v.“i,-._:,",rf,;,,}§1. ae'se + e
m Py p— { —————— —— -~ 9, - - . .
© 1.5 - | l» © 1.5 l ‘ -
) )' . =
> > . :
S e e e - foooeeeeeeees - & | s ST -
) ) d @ |
= ) i - &
= ost®~, ., . . o, M. ., = 05 A . ‘ !
0 10 15 20 30 45 60 80 120 200 350 1000 0 ; 5 3 >4
GeV
T 4] [ ] Niets
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Production mode measurements H—ZZ* 4l

" Simplified template cross sections: separate production
modes into kinematic regions

» Reconstructed events are categorized to 11 categories to target
different production modes and kinematic regions

Particle level Reduced Reconstructed event categories
Stage 0 ion bi :
g production bins Stage 1
= 0-jet , N, =0, p,* < 100 GeV
9gF-0j 3 0f-p,*-Low
Y" < 60 GeV 1 p-< 60 GeV
. ggF-1j-p,"Low - 1/-p,"-Low
=1jet | 60<p <120 GeV b , _ 60<p,“<120GeV| N =1
9 agF ggF-1j-p,"-Medium - 1/-p,*-Medium
p.M > 120 GeV p.*> 120 GeV
wr.u.p'ﬂ.mgh . 1/p,“-High
2 2-jots .
99F-2j : p,/ < 200 GeV

p,/ < 200 GeV . | VBF-enriched-p/-Low <=7, > 120 GeV

I a i p, > 200 GeV : Py > 200 GeV N, 22

VBF-pAHigh |. VBF-enriched-p/-High

Hadronic V decay b _ m, <120 GeV
I I VH-Had . VH-Had-enriched
V a VH . N, =0, p,* > 100 GeV
Leptonic V decay . 0f-p,*-High
¥ . N, z5

VH-Lep-enriched

- . tH Hadronic

) . ttH-Had-enriched
tt ttH ttH ttH Leptonic
. ttH-Lep-enriched
ATLAS
Prellmlnary 13 TeV, 798 fb"

115 < m_< 130 GeV =
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Production mode masurements ‘

» In some categories,
BDT are introduced to

boost the sensitivity 1

» Event yields of BDT N

bins/categories are
fitted to extract cross

sections

Chen Zhou (Wisconsin)

H-ZZ*—A4l

..g 22 :T LI [ U I | [ L L I L [ LI ] L ] 1 I[; ]tI LI ] LI ] LI :
g, o0 - ATLAS Preliminary .°*. 5f E
- * ggF+bbH .
L 18 __H — 27" — 4| VH -
- 13 TeV, 79.8 fb” B ttH+tH .
16 115 <m,, < 130 GeV 27 ]
- tt+V, VvV 7]
14 — B Z+jets, tt ~
- 747 Uncertainty :
7 ‘:
i :
8 E
6F E
4 e ® ®
2 Lz ////////'/////////"//////// _‘j
0 e
-1-0.8-0.6-0.4-02 0 0.20.4 0.60.8 1
BI:)TVBF
RO Cir 2o 2/ DA I A A — PRGN RIS A NSNS



Production mode cross sections  H-zz—-4

» Reported 4 production mode cross sections: ggF, VBF,
VH, ttH

»  Still dominated by statistical uncertainties

llllllllllllllllll]lllllllllllllllllllllllllllll
ATLAS Preliminary = # wecteasw

— H—-ZZ" 8 Observed: Stat + Sys —

13 TeV, 798"

SM Predicti
Stage 0 - ly, | <25 redieton

- c-B [fb] (0-8)0M [fo]
ggF agF : 1220+ 185 1170+ 80
VBF=> wr | . 250485 91.7+28

o _
VH% VH n 50+50 52.4°2
") <70
tt H 9 "H (95% CL)
T t I ) Inclusive L 1570+ 175 1330+ 90
o a 1 11 l 1111 l 1111 l | 1 11 l L 1 11 l | . | l 1111 l 1 111 l 1 111 l L 111

+1.1
15.4*11




_Simplified template cross sections -z

, Report S|mpI|f|ed template cross sectlons (klnematlc
regions separated from production modes)

» All measurements are in agreement with SM

1 ] I 1 ] ] | 1 1 l 1 1 1} ] L 1 1 l 1 ] 1 ]
T ATLAS Pre“mlnary *+ Expected SM -
- H— ZZ" l‘ Observed: Stat + Sys -
13 TeV, 79.8 fb ™ SM Prediction
— Reduced St 1- 2.5 —
educed Stage 1 - Iy, | < B[] (6:B)_ [fb]
ggF-0j | - 870 + 165 720 + 50
ggF-1j-pf-Low —— 100£105  170%20 |
g g Fe ggF-1j-p’T4-Med " . 80 + 55 120 + 20 B
ggF—1j-p;’-High - — 7427 2455 |
ggF-2j - 160 + 110 140 + 30
VB Fe VBF-p’i -Low * . 240 + 95 87.2+27
T - _
VBF-p/-High |- . & W25 41l
VH ) VH'Had = * 20 + 100 35917
VH-Lep - 20425  16.5'%°
= 28_ <60 gt
ttH 9 “H sum N AN SRR VRN SN (NN TN SN TR NN SR S SN N l9l5 ) 1CL"1 | I— 1 | —
0 2 4 6 8 10

(5~B/((5-B)SM



Display: VH-Lep (H—ZZ*—4-lepton) candidate event

ATLAS

EXPERIMENT

Run Number: 336567, Event Number: 2327102923

I 7 ] Date: 2017-09-25 15:38:38 CEST
L/ e r
L ' —-.

0 EI .._._
nl |

- 4 VH-Lep candidate, with m,, = 124.6 GeV, extra electron of pT = 79 GeV and MET
=49 GeV; S(VH)/B ~ 2 where B is dominated by other nggs productlon modes
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The ATLAS experiment reported on new Higgs physics
results with up to 80 fb-1, including data from 2017

The results include the observation of the ttH production
process (observed/expected 6.30/5.10) and the H—1t
decay mode (observed/expected 6.40/5.40) of the 125
GeV Higgs boson

These constitute an observation by the ATLAS
experiment of Yukawa interactions in both quark and
lepton sectors, consistent with SM

Higgs property measurements in H—ZZ*—4l with 80 fb-
are in agreement with the SM predictions
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