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The Higgs at the LHC
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* ggF has the highest cross-section but can have large backgrounds
* VH, ttH and VBF topologies rely strongly on b-tagging algorithms
* ttH production is directly sensitive to t-Yukawa coupling
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Higgs decays

g 1:’_ll ll T l T IIIIIIIEI IIII llllll T l_zg
I - : 18 . . . .
T e ; it * Higgs branching ratios depend strongly on m,, in
'810_1_99 : __% the SM.
g P :
| cC l .
1021 % : - * FormH=125 GeV:
- i :_I — bb - largest BR with but very large backgrounds
10 ; | from multijets.
E 2y : . .
; : ] — WW: large BR, poor mass resolution in the
T — . leptonic channels
10i4210| I1l|2]1] "Iléé] I1]2|é] I1|2|i4l l1]2r£-)l I1'2||6I I112|%I I1I2IM]8I lglééeld]so J— "n - missing energy from neutrinos' mn
H . . .
Yy reconstruction, background from jets faking T

0.2%

— ZZ(> 4l) - discovery channel - small BR but good
mass resolution

— vy —discovery channel - small BR but good mass
resolution

— c¢c - small BR, dependent on c-tagging

— UM - rare process, analysis progressing towards
observation
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PRL 114 (2015) 191803
wdiias | Lom | ea ok | Runl:
un otal at. st. 1 1
ATLAS H—yy F———4 12602 ir-l(-).;1l(i§'.(4:ii§.)/27t) GeV ¢ DlSCOVGry Of the nggs bOSOh
cMS Hory == 12470 034 (+0.31+0.15) GeV * First measurement of its properties
ATLAS H—ZZ—4l | —— 12451+ 0.52 (£ 0.52 £ 0.04) GeV
CMS H—ZZ —4l e 125.59 £ 0.45 (£ 0.42 £ 0.17) GeV
[ amasioms vy = 125.07 4020 (£0255014) GeV e Run 2:
| ATEAseMs ] == —— =S 125151040 (£037 2019 GeV .. . i i i ini
e s T ETTETEE Establish dlscoverY in remaining decay
S S S channels /production modes (e.g. H = bb,
m,; [GeV] ttH, ...)
£ |§ F ATLAS and CMS * Higher precision in Higgs boson properties
54 N
% - LHC Run measurements
5 I
gl> 10k E
[T
A ]
102k _ JHEP 08 (2016) 045
4 ATLAS+CMS Production process Measured significance (o) Expected significance (o)
X 1 VBF 5.4 4.6
wookbe 2 T SM Higgs boson ] WH 2.4 2.7
: — M, g] fit ] ZH 23 29
[ 68% CL ] VH 35 42
o J ttH 44 2.0
4 Cl 95% CL i Decay channel
070 L - H-1r 55 5.0
107 1 10 10? H — bb 2.6 37

Particle mass [GeV]
DianeCinea 4



technische universitat

b dortmund
g 14 ATLAS =
' r 1I;|—>ZZ+V\LV‘¥ off-shell+on-shell ]
12__ g/\/_,onshell lgN.oﬁ»sieH ) R
LI VATo kd oWl Elir: PhysS. J: € (2015) 75:335 o Froror s 1
|- —— observed nc‘Jtsy;sts.t
SM predicts I, ~ 4 MeV - too low to be measured before HL-LHC 8 " ooasdroomt 1
(resolution ~1 2 GeV) o E
— Indirect constraint on I, by studying off-shell Higgs boson 4; __________________________________________________________________ T
production in diboson final states: ;
* when my, >>m,, the cross-section doesn’t depend on I, 2 S i — ]
* by assuming same on-shell and off-shell couplings: (‘b /54‘, — é — é — ‘1‘0' —
Hor—shers = Honshen / rH,SM r/rv
FH< 22.7 MeV (@) 95%CL 5 250; ',yql"l'i;'\é“”lll”wl-'i :)la;y” —J" 0 Expected
(<33 MeV exp.) £ 0l \s=8TeV det=20.7fb * f=0'Data
g E Bkg. syst. uncertainty ]
. 150
. Run-I: Eur. Phys. J. C75 (2015) 476 .
d Spl n/CP Run-Il: CERN-EP-2017-288, JHEPO3 (2018) 095 100F
— Spin and Parity of the Higgs boson measured in yy/WW?*/ZZ* final 5";
states using Run1 data (~25 fb'1). SM Higgs boson hypothesis, JP = of -
0+, tested against alternative spin scenarios, which were excluded at 250':j::':j::‘::::':jj:‘::::":"""""“"“"""'
29 9% L I O A
T 200-'S=F 1€ e Bkg. syst. uncertainty |
— In Run2 Higgs boson spin-CP tested, e.g. in yy decays, with angle & o ) _oo/;y;
. . . . ey . 50— a ]
distributions of photons and jets sensitive to these properties : ++ )
100f
e All measurements compatible with a SM Higgs boson i

T U IR I I T B T ST P
0 01 02 03 04 05 06 07 08 09 1
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CERN-EP-2018-085 Runl +36.1 fb
|||||||||||||||||‘|||\|\|||||||A FT ™ T T T T T T T - > e T -
ATLAS ~-Total [ Stat. only \2, 14 ATLAS —Combined ] 3 so0oF- ® [B)ati ; ATLAS 7
Run 1 {5 = 7-8 TeV, 25 fb”, Run 2: 1§ = 13 TeV, 36.1 fb” Total  (Stat. only) N C . T Run 1 1 P e S%ij'f“é‘ackgmund Vs =13TeV, 36.1 fb! J
Run 1 Hosdl 2 124515052 (£0.52) GeV Yook H — ZZ*+H — yy Combination -gtuaf: 20n|y ] S s0or. — Signal In(1+S/B) weighted sum
[ Run1:{s=7-8TeV, 25" ' . $ F ]
Run1H-yy | ——e——  126.02 +0.51 ( £0.43) GeV L Run2:Vs=13 TeV, 36.1 fb” ] ] 400 =
Run 2 H—4] -—ol—c 124.79 + 0.37 ( £ 0.36) GeV 1 R Ny C ]
Run2 Hoyy - 124.93 +0.40 ( £0.21) GeV C 3001 E
Run 142 H—4] — 124.71+ 0.30 ( + 0.30) GeV 8_— 200F 3
Run 142 H—yy F—— 125.32 +0.35 ( £0.19) GeV C F B
Run 1Combined ——— 125.38 +0.41 ( £ 0.37) GeV 6~ 1005 3
Run 2 Combined -—OT 124.86 +0.27 (£ 0.18) GeV B . E -
Run 1+2 Combined -——o—-1 124.97 +0.24 ( +0.16) GeV Qi N AN e S § 20E- 3
ATLAS + CMS Run 1 —— 125.09 +0.24 ( +0.21) GeV r PR JE
AN ) 5 0Of
o by e e by e e b e 2__ '-.“\.:':' g10 =
123 124 125 126 127 128 oo 2 ;
m,, [GeV] oLl — LN P
H 124 126

m,, [GeV]

mH = 124.97 +/- 0.24 GeV (Run1+Run2)
* Precise measurement with excellent detector performance : o(my)/m, ~ 0.17%.

* While 4l analysis is still statistics dominated, yy analysis is becoming systematics dominated.
Improving the yy measurement will require detailed understanding of the photon calibration.

e  ATLAS current measurement has now a precision comparable to ATLAS+CMS Run-1 combination.
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vy+41 signal strength measurement

ATLAS-CONF-2017-047 36.1 fb?

* Global signal strength ATLAS+CMS Run1 (all

T T T T T T T T l T T T T T T T T I T T T T I T T T T Channels included):
F ATLAS Preliminary
99 Vs =13 TeV, 36.1 fo” . -
H—yy and H—ZZ* 4| p=1.091017 = 1.0910-57 (stat) T5:01 (expt) T00s (thbgd) ¥y os (thsig)
: my, =125.09 GeV, |y, [<2.5
VBF ———H *  ATLAS Run2 global signal strength (yy+4l) has
: been measured to:
Measurement e
vH ‘ * ’ Stat. uncertaint 0
at. uncertainty p=1.09 £0.12 = 1.09 = 0.09 (stat.) *3-9¢ (exp.) *0-0¢ (th.).
: Syst. uncertainty D
ttH '_B_.‘ SM prediction l
1 " | | 1 * Single experiment measurement is getting as
ol 0 1 2 3 4 5 good as Runl combination.

Cross section normalized to SM . L.
Systematic uncertainties are greater than

statistical one for ggF and VBF.
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> 2000
‘-OD 1800 ATLAS Prellmlnary + S:t;namy E
T 1600F H-WW*—evuv, Niet <1 = va .
2 1400, '5=13TeV,36.1 7" [ o ; ATLAS-CONF-2018-004 36.1 fb!
@ 4200 > Efzxw ]
1000F B s ) ) . .
800" * Analysis performed in the evuv channel with single and
600F dilepton triggers
;gg * 3 categories: N, =0, 1 (g8F), Njois= 2 (VBF)
& 0_ T T ]
5 S00F ] . . ..
£ ook 1+ mT variable as final discriminant for ggF, BDT for VBF (to
o c 3 . . . .
100k E enhance discrimination power btw ggF and VBF)
:
0 100 10 20 250[(; , ° Signalstrength has been measured as:
— 2 : . . . —~ - Buoww+ = 12.6713(stat.) g b = 12.6%2-3 pb
Z T ewa ATLAS Preliminary Teer - BHoww 6+(1) %isa )Z15(sys) p 6 21130
; 1sb o Zzs/t fCItL Vs=13TeV, 36.1 o' ] over - Baww+ = 0.507;755(stat.) £ 0.18(sys.) pb = 0.50"; 5 pb
% 4 SM
eg 1.0f . . .
w  Dominant systematics are JES, JER and b-tagging eff.
= 0.5F . .
°  Both measurements are compatible with Standard Model.
“oF 1 ¢  WWH*isobserved with 6.30 (ggF+VBF)
-0.5F . ) ) . ) B
-5 0 5 10 15 20 25

Oggr * Br-ww* [pb] Diane Cinca ’



technische universitat
dortmund

H->tt observation
36.1 b

. . . o . > L L L
* Use all combinations of hadronic and leptonic T decays in 2 S | ATLAS Preliminary 02015+ |
" @ [ Vs=13Tev,36.11” DI H-ve ue=109) |
categories: VBF and boosted (mostly ggF) S 10 VNS Eoncies

iN]

772 Uncertainty

*  Cut-based analysis using fit to mtr distribution in 13 signal
regions 5
e Estimate of Z->tt using Sherpa NLO I

* Largest backgrounds from Z+jets and from jets faking T (W+jets
and multi-jet) (in t, 4T, .4 Category)

* Largest uncertainties: data and MC statistics, signal modelling

o —_
[U'II_.L‘UT‘

Data/Bkg

and jets
 ATLAS Preliminary  (5=13TeV, 36.110"
* Obs. (exp.) significance of 4.40 (4.10) Ttotal ~stat. - SMexp. l:’:' (Sza; Si)
«  Combination with Run 1: obs. (exp.) sign. of 6.40 (5.40) T e 249 3w Lo com)
* Combined measurement of cross sections for VBF and ggF ~ %eofas| o ., 3.07 g (0% 22

productions:
— O =3.0%+1.0 (stat.) -1.2+1.6 (syst.) pb Tiep Tiep ——a——6.76 250 (111,27

— Oy =0.28£0.09 (stat.) £ 0.10 (syst.) pb b
Combination o o] 3.7 Yo

1 1 1 11| 11 | 11 11 | | 1 1 1 | 1 1 | | 11 | 11| I 11 |
0O 2 4 6 8 10 12 14 16 18 20
GH—MT [pb]
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®EW  Search for H-> bb (VBF)
nen

* 3channels: 3k AIRE ]
— 2 central b-tagged jets + >= 1 fw VBF jet (qgqH) o 60K _flf:f;iif;?’;:gsgfgun i
— 2 central b-tagged jets + 2 central VBF jets (qqH) 2 50 Z-bb)vjets
— 1y + 2 central b-tagged jets + 2 VBF jets (pgw channel qgqHy, suppresses E’ oo N H>bb (i, = 3.045) E
large non-resonant background, not sensitive to ggF) = ]
301 =
- ATLAS Prellmlnary1
* Use dedicated VBF triggers to record events (separate trigger for 20F (s=13 TeV, 30.6 fty
. E photon channel, SR |
central and forward jets) -
* Dedicated BDT (based on jet kinematics) in each channel to define 011...1.......v---;~‘.'. TR
SRs, my, as final discriminant > —
X 20 -
[aa]
. . . o 18}+ +* byt
*  Fit analytical background function to data in sidebands a ol by i

e Z(->bb)+jets has large contribution in low m,, and affects bkg 60 80 100 120 1407160 180 200 220 240

. . . . . . m,, [GeV]
estimation. Left floating in the different BDT regions. N
ATLAS Preliminary s=13 TeV
. . . . . —Total Stat.
* Largest uncertainties: jet energy scale and resolution, Z estimate, (Tot) (Stat, Syst)
signal modelling and flavour tagging Photon |306/6"  Hl—e———a 23 *18  (+17 w08

* Obs. (exp.) significance of 1.90 (0.90) for inclusive Higgs At |25t r——e——n27 53 (75 %5)
* Obs. (exp.) limits: w,,,,<4.8(2.5) ey

Comb. 1.4 1.3 +0.6
I——&—1 2.5 + (+13 +

Wyge < 5.9 (3.0) at 95% C.L. T 3

P 1

8 10
SM

H H b5’ OHo bB
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Evidence for H-> bb (VH)
12Famas T b
F (5= 13TeV,36.1 b mm VH - Vbb (4=1.30) |
o G Sl
 Require 2 b-tagged jets + 0 (Z>vv), 1 (W->Iv) or 2 " weighted by /8 Djet mass analysis

(o]
T

(Z=>1l) leptons
* Dedicated b-jet calibration to improve m,, resolution
 Use BDT to classify events in all signal regions

e Largest background from Z+HF (0- and 2-lepton) and

Events / 10 GeV (Weighted, backgr. sub.)

ttbar (1-lepton) 24675086 100120740 160 180’200
* Irreducible background from VZ with Z->bb m,.. [GeV]
* Diboson analys_is targeting VZ(->bb) as validation for TATLAS VR D) fae1a Tev. 364 T
VH result. VZ signal strength measured as: —Total  —Stat. (Tot.) (Stat., Syst.)
oL F—o—H 0.45 +0.53 (+0:39,+0:36)
Wz = 1.11“:8:3(stat.)fngg(syst.) ' ot e
L . He 143 0% (3. 70%)
. oL i o 1.90 +0.78 +0.§1 , +0.§g
* Obs. (exp.)sign. of 3.506(3.00) | s o Lowow)
* Combination with Run 1: Comb.|  Hew 120 038 (55.75%)
i S T T R - S AR
obs. (exp.) significance of 3.60 (4.00) Best it W for m, 125 GeV
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Search for ttH, H->bb
36.1 fbl 5¢famas | epa  mH [Jfi+lght
% Vs =13 TeV, 36.1 b Ott+=21c @ttt +=1b ot +Vv
. . . @ 10 F Single Lepton [JNon-tt ”/ Total unc. ---ttH

* Target topologies with 1-2 leptons + 4 b-jets Y] Pt
* Largest background from ttbar + HF jets 1055
* Categorise events by N, N;.,; and b-tag score into 10 F

multiple signal and control regions Cia T .

102f Y .

* Use BDT to associate jets to top quark and Higgs I _

candidates + dedicated BDTs for each signal region to  § _1-o—eo—mormemsfmo—omoromooy

classify signal and background events (using MEM) 8

CRy CRy CRs SRy SRy CR s CR 35 CRsy SRser SR35 SRse
R,Z”MR,Z%H& Ry SRy s’qb""weftis/,-mﬁﬁfé 1~R§f{7 R385 SR36 SRze

*  Extract signal from combined likelihood fit to MVA ATLAS 15=13TeV,36.1 b
distribution in all signal and control regions — ‘S‘t’;t m, = 125 GeV

' tot (stat syst)

+  Largest uncertainties: ttbar+HF modelling (46%), data Dilepton | o, -0.24 52 (%52 g1

(two-p combined fit)

and MC statistics, and flavour tagging

Single Lepton 0.95 *0-65 031 4057
(two-u combined fit) H-e-H 062 (031 -054)

* Observed significance: 1.4 o (expected 1.6 6) —— prosesee ey

Combined —-o-— 0.84 tg:g:(jég 31?1)
s v by by v v by v by b v by by
* The analysis requires both experimental and theoretical o 12 8 4 5 6

improvements on the ttbar+HF modelling
Diane Cinca 12
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Search for ttH, H->ML
c 10° T T T T T T T T T
Phys. Rev. D 97 (2018) 072003 36.1fb 3 ?ET:?SSTeV, . %%ﬂ/ é{? t
el
W Fake 7, /. Uncertainty
. . . . 10°F --- Pre-Fit Bkgd.
* Target ttH + all Higgs decays with leptons in final state:
102 ¢ gy =
H->tt, HOWW?* and H>ZZ* et
10
* Categorise events based on number of hadronic T and _
. 107"
light leptons % 1as
e e ///Jf/// o
e Large backgrounds from ttV, non-prompt leptons and S on e S S 2 a2, 08
jets faking T depending on region
* Dedicated BDTs to reject non-prompt leptons and ATLAS (E=13 TeV, 36.1 10"
charge mis-identification of electrons. —Tot.  -Stat Tot. (Stat,Syst)
. . 2£08 + 1Thag bheefe @ nnd 1.7 %5 (45,1
* Dedicated control regions for ttV backgrounds. 16+ 2tnga | 1t -4 0.6 18 (111 )
4| re 0.5 03 (3, 9%)
- . . . 37 + 11hag S A 16 53 (43, %2)
e Largest uncertainties: signal modelling, jet energy scale  zss. 1, voen 3597 (43, 09
_ . 3¢ boH 1.8 92 (38, 29)
and non-prompt lepton estimate. pres .. 15 07 (04 26
| combined  red 1.6 ﬁi (%03 “03) |
o 2 0 2 4 6 8 10 12
e Obs. (exp.) significance of 4.16 (2.80) for mH =125 GeV Bestfity_for m,~125 GeV
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Search for ttH, H>ZZ->4l

Update with 79.8fb!

wl4ar I l
o , 5 [ATLAS o 1 ]
Improved sensitivity by analysis D120H-22 >4l s oo .
. . . . [ 13TeV,79.81b" VBF ]
improvements like separation of leptonic 1115 <m, < 0600 e .
| tt+y,VV_V ]
and hadronic categories with BDT (in 0.8l W Onsaraity ;

hadronic categories)
Simultaneous fit of all categories

No event was observed for an expected of
1.20

Observed limit < 900 (68% C.L.)

Had 2 Had 1 Lep

DianesCinea 14
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Search for ttH, H>yy

Update with 79.8fb?

£ T T

2.0 ATLAS 4 Data

5 s=13TeV,36.1-79.8fo"  IH (u=132)

2108 H(p=1)
*  Analysis strategy: - [JBackground

— Categorisation based on ttbar decay - leptonic (>11) and hadronic (0l)

-+ Bkgd. (1=0) §

10*

categories o

—  Further categorisation based on XGBoost BDT discriminant value - 4 -
hadronic and 3 leptonic categories (events w/ low BDT scores 0

rejected). .

o

* Input variables to XGBoost BDT (mass independent variables): 3 04

—  4-vector information of photons (pT/myy), jets, MET (both cat.),
lepton(s) (lep cat), and b-tag (had cat)

— Training ttH (from simulation) vs. main background - vy, ttyy (from

Pull

OoON A~ O®
T

I RS NS NS W R N S
data CRs), other H (from simulation). CoEe s e

(S/B)
- Improvement of 50% in sensitivity E 355 1 pam | aras
0 ggf Continuum Background Vs =13 TeV, 79.81b" I
f F ---- Total Background m, = 125.09 GeV ]
° Main Systematics: @ 2o5fF — sSignal + Background All categories 3
_‘5, C In(1+S/B) weighted sum ]
— ttH parton shower model (8%) 2 20 =
— photon isolation, energy resolution & scale (8%) "g 150 =
— Jet energy scale & resolution (6%) @ 10; _
. 5 R
* Observed significance: 4.1 o (expected 3.7 o) T A
110 120 130 140 150 160
m,, [GeV]
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ttH observation

Runl + 36.1 - 80 fb™!

c
<
a3 107 ATLAS ¢ Data
o Vs=13 TeV, 36.1 - 79.8 fb’! B H (u=1.32)
L .
106 ttH (H=1) T | T T T T I T T T T | T T T T | T T T T I T T
10° [[]Background ATLAS e Total Stat. [ Syst. — SM
Vs=13TeV, 36.1-79.8 fb"
10* Total  Stat. Syst.
10° ttH (bb) I-El-l 079+ 280 (+ 92 ,+0.53)
102 fiH (multilepton) F—e—r 156+ 035 (+ 0% +* o027 )
10 b= = 0.48 0.42 0.23
ttH (vy) —=== 139+ o (£ g3 »E 017 )
1 111 | 1111 | I | | - | 1111 | I | | 1111 ‘ 111 | 111
.o' LN I I O Y BB ttH(ZZ) 'I: <1.77at680/°C|_
g 4 e o
3 9 7 Combined H——H 132+ 02 (+0.18,+ °2)
g 2 -
1 111 |' ||||| .I 11 ‘I 1 I.I IT IIIIIIIIIIIIIIIIII | I . | . | I
¥ S s e | RN (X -1 0 1 2 3
SM
log, (S/B) GnH/ Oy

e Combine measurements of all final states sensitive to ttH: H>bb, H>tt, H>WW?¥*,
H—>ZZ* and H->yy in Runl and Run2.

* QObservation of ttH production with:
— Run-2 alone: 5.8 o significance (4.9 o expected)
— Run-1 and Run-2 combined: 6.3 o significance (5.1 o expected)

DianesCinea 16
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ATLAS
ttH XS measurement
Runl + 36.1 - 80 fb!

5 T
o C ]
= 0_95— TLAS 1  Dominant systematics
T 0.8 EE Theoy (NLOGCD+NLOEW) = * ttbar+HF modelling (9.9%)
lé 073_ $S (T,omblned data _f e ttH modelling (6%)
\60.6; N _ * Non-prompt leptons (5.2%)
0.5 7 ttH (13TeV )= 670 + 90(stat) + 110 - 100(sys) fb
0.4 E ttH,SM (13TeV ) =507 + 35-50 fb
0.3 =
0.2 s-ntevaer men ] COMPatible with the SM prediction
0.1 {s= 8TeV,203 1" -
O: | | | | 1 I l | l I | 1 | | | | 1 I 1 | l :
6 8 10 12 14 16
(s [TeV]

DianhesCinea 17



Search for H>uu

PRL 119(2017) 051802

Loose event selection requiring two isolated OS muons
and veto b-jets

36.1 fb

Use BDT to select events in 2 VBF categories (mjj, p MY,
| Anjjl, ARjj, etc.)

All other events are categorised in 6 ggF categories
based on cuts on p;**and |An u|

Large background from Drell-Yan and smaller
background from top quarks

Signal and background described by analytical functions,
fit to di-muon mass distribution in all signal regions

Obs. (exp.) upper limit on u < 3.0 (3.1) at 95% C.L.

Combined with Run 1 data: u < 2.8 (2.9) at 95%
C.L.

DianesCinea
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Data/MC
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10°

10*

10°

2

— T

ATLAS

Vs =13 TeV, 36.1 b’

T

— T T T T T T[T T

-4 Data —qggF x 100

[CJorell-Yan —VBF x 100
OTop
|:| Diboson

—VH x 100

'_IIIIIIII‘ ||III|T| IIIIII|T| IIIIIIII| IIII_

oo _

SO® D
R T[TTTTTTRTTT

Entries / GeV

Data - fit
o (data)

0.4 0.6 0.8 1
BDT score

A B
35: ATLAS
30— VBF tight
25
20F

15

10—

[ x%ndof = 30.7/48

Vs =13 TeV, 36.1 fb”

—e— Data
Background model
—— Signal x 20

\IIII|IIII|I\II|\III|IIIJ|III\|

4:_

-4

o R

11015120 125 730 735 140 145 150 155 160

m,, [GeV]
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Search for H->cc

Hcc coupling was previously searched with J/{ y channel
in Run 1.

Search for the coupling with c-tagging is new.

Similar approach as search for VH, H->bb
1 or 2 c-tagged jets and 2 leptons with 81 < m ;< 101GeV

Largest background from Z + HF jets (used as calibrating
tool), other backgrounds from ttbar and diboson

Maximum likelihood fit to m__ distribution in 4 signal
regions based on Nc-jets and pT V

Largest uncertainties: flavour tagging and data statistics

Measurement of irreducible background from zV
with a significance of 1.40 (2.20): u,, = 0.6-0.4 +0.5

Obs. (exp.) upper limit on w, < 110 (150) at 95%
C.L.

Diane:Cinca

Light-jet rejection

Events / 10 GeV

Data/Bkgd.

dortmund
T T T LI S 0.5 >
10t L ATLAS Simulation 2
T = c efficiency 41% [}
ls=13 TeVv,tt 0 ceﬁiciencz ;(1);: 0.45 o
=== ¢ efficiency 20% =
o s1%efiiciencywp | —0.4 2@
9
10° 0.35©

10?

L L T, V|
3 4567810 20 30
b-jet rejection

—

+ Data

10 ATLAS ---- Pre-fit
Vs=13TeV, 36.1fb" — Fit Result
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Run 1-style couplin . ces . . . .
meas:rementz- 9 Simplified template Fiducial/differential
: cross sections cross sections
M, kappa
Particle level Reduced : Reconstructed event categories
Stage 0 production bins Stage1 :
= 0-jet r - N, =0, p,* < 100 GeV
P, < 60 GeV _f [ 1o, Low p,* <60 GeV
g g Py >120 GeV _g : Vo Hioh p,*>120 GeV
2 240ts s
. | VBF-enriched-p ~Low m, > 120 GeV

P,/ <200 GeV

VBF-> B> m000v : o> 000 a2

VBF-enriched-p,'-High

é

é

Hadronic V decay - m, <120 GeV
[ Wi | viHac-enriched
VH» F s — N, =0, p,*> 100 GeV
Leptonic V decay s | Of-p,"-High |
_ e T 1 N, =5
. VH-Lep-enriched
— » ttH Hadronic
1 ttH-Had-enriched
-> [ - ;| itoprons
. ttH-Lep-enriched

ATLAS
Pre||m|nary : 13TeV,79.8 fb"
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ATLAS-CONF-2017-047 36.1 fb Model with vector bosonand g ,oF" " T[T LCT LT ATLAS Profiminary -
fermion coupling separation éssz— ------ Combined 95% CL V5=13TeV,36.1 10"
¢ ASS U m pt | 0 n S . © £ H—yy 68% CL H—oyy and H—-ZZ*—4]
30; ------ H—ZZ*—41 68% CL m,, = 125.09 GeV, Iy, <25 3
— Single state, spin 0 and CP-even. b ;z;s:ndl I E
- F E rediction * E
— Narrow-width approximation: (¢ -BR) (zi — H — ff) = JF—Hﬁ 20F- =
. . . 15F-
 Methodology: parameterize deviations with £
coupling scale factors {k,} o
e Two fundamental options: EE 1;-'“'2\[’5)\355'? cms i
[ un
— Allow undetected/invisible decays or only SM decays 5 |
— Allow BSM particles in the loops or resolve the loop Elf o ;
assuming SM field only
10%¢ E
i ¢ ATLAS:CMS |
* Many models present in the combination 109 S s boson
* Good agreement with the SM predictions ; P
1048 E
Mass dependence 107 1 10 102

Particle mass [GeV]
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Differential cross section

— 2.2 T T 1 T f ! I I
3 o ATLAS Preliminary | 74
: . ] . = FH>ZZ,H- vy -
ATLAS-CONF-2018-002 36.1fb & 18 warovssrn’ o
Im._ 1.6 NNLOPS (@N°LO) + XH
E 14 9 RadISH + XH
5 . 4 = +WH+ZH-+ttH-+]
ATLAS-CONF-2018-018 80 fb-! —ﬁﬂ © o2 B

|\II‘\I\‘H\‘IH'HI'\II'III‘II\‘H\‘HI

0.8 ;* F {l *
0.6 - kﬁ

*  Kinematic distributions (Higgs pT, y, number of ;- HMH. N
jets & jet pT) are important probes: ) 1.3': -

— To check the validity of the perturbative QCD 9; ;E;* ,,,,,,, |'+ ,,,,, . .+.u’|_;, -

— To understand/improve the Monte Carlo T
0 10 20 30 45 60 80 120 200 350

generators. PH1GeV]

% 0_12__A';'LASlPreIirr‘linary| l ¢ |Data I I I I 1

. . .y (\D E Ta_T>eZvZ,*7:.84ib" El nsay;; ;:::Tif.imxn E

* Higgs pT and jets pT of are also sensitive to gﬁ oF -

physics beyond the Standard Model 5 % s NMLOPS - 780

_8 0.06:— I 5 . p-value MG5 Fxe=9.4%_:

C I g

0.04[4 J - 5_:

* All measurements are in agreement with ooe|- F £
SM predictions. R R T R

8 e . [ H

g 1‘”'."]";’1 """ joT LI | | """" 7

. ) " o.so—l 70 15 20 30 45 60 s'ol 50200 350 1000
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Simplified Template Cross Section (STXS)

ATLAS-CONF-2017-047 36.1 fb! , R R RRREE AR R
9g—H (0-jet) >-E-| ATLAS Preliminary
Vs=13TeV, 36.1 fb"
9u2f et pr <60 Gel) B i yyand HoZzh o
ATLAS-CONF-2018-018 80 fb-! -~ 3 L2500 Gev, iy 1<2.5
(1-jet, 60 < p <120 GeV) H

gg—H
(1-jet, 120 < p‘;_' <200 GeV)

—

B}’V / Bll

STXS targets maximum sensitivity while keeping ~ “Vefiis == == i
' ; H (= 4ot p! 2200 Gov) Rt oA 50
theoretical dependence as small as possible. New et “oe ===
qq—Hqq (p’T <200 GeV) l —=—— Measurement  |ef
- Stat. uncertain
approach compared to Runl. . : — :
gg/qq—>ttH ||_E+| | | S:VI predictilon II
—1””0”“1””2””3‘”I4””5””6“

Cross sections can be split by very simple fiducial
regions for each production mode & common

o, X B, normalized to SM

L DL DL L L B L B L DAL L
between ATLAS, CMS, and theory. | ATLASProliminary mmemecst
. . . . 13 TeV, 79.8 fo™ M Prediction
Inclusive in Higgs decays, designed for | Seee0-yj <25 osltl (o8, _|

Combination ogF = 1210+ 185 117080
VBF 240+ 85 91.7+28
* VH - A . 90+60 524738 |
Latest result from H>ZZ*->4l channel: - ) -
ttH %%g (9<5%0|_) 154773
i i * = + = —
Stage 0 InCIUSIVe (0 B)SM 1330 - 90 fb Inclusive +E 1580+ 180 1330+90
S T S S Sy S S N
O‘B/(O'B)SM
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W(—>ev)H(=>4u) candidate, S/B ~7, m,, = 124.6 GeV
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ATLAS

EXPERIMENT

Run Number: 336567, Event Number: 2327102923

Date: 2017-09-25 15:38:38 CEST




Di-Higgs search

H ---H

sH --'H

Destructive Interference

SM cross section @ 13 TeV not
accessible with the Run2 data but we
need to estimate challenges and
future sensitivities.

BSM effects lead to:

— the presence of resonant HH process.

— the enhancement of the non-resonant
HH production cross section and the
modification of the kinematics of the
decays.

Very different theoretical motivation,
but similar experimental signature
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BR HH—xxyy

= 10~
(my =125 GeV) '

107
0.26% 0.1% .
i\t | 1 10

bb WW g9 T ZZ W
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I-A188S SealC .
T 10°F ™ 1 —
= F ATLAS  CMS
f [ \ L) L)
1 o [ el bbbb  aorensterre anriorozs0
T 10*E LB 7ot (2018 244
. .. X E bbyy oo?-agiéw PEK?—??M ;
* bbbb : high BR but large multijet background 1y i - 1
(dominant at high mass) £ 0F AN oWV i
H . M c : — 359
* bbVV: high BR, large irreducible ttbar .l bore e |
background % :
.. epe e ©) §
* bbyy and bbtt: similar sensitivity at low mass 2 10k o
n = === Expected
*  WWyy: new result ® b —obsened  Spin0

. L ] . . |
300 400 500 1000 2000 3000 4000

m, [GeV]
Channel o/ogy, O e

ATLAS | I —— Observed limit
bbbb < 13 [eIBIBNEERPLY |  36.11b° nierna

VS =13TeV,36.1 fp= ~=~- Expectecimit
.
bbyy YAl HIGG_2016_15 36.1 fb!

Expected limit +10
Expected limit +20
Theory

o(gg — HH) [pb]

WWryy LIV HIGG_2016_20 36.1 fb!

* bbyystudy: -8.2 <k, <13.2 @ 95% CL
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Conclusion

The Higgs discovery at Runl opened a new field both for precise
measurements and new physics search.
Already many important results in Run2:

— More details & improved precision in cross section & coupling
measurements

— Evidence for H=>bb

— Observation of H>tt

— Observation of ttH production

— Uncertainty on the signal strength of H>pu is below SM strength

More to come with the full Run 2 data to be taken until the end of
this year.

Run3 is coming next with new potential of discoveries and precision
measurements. Stay tuned !
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Fiducial cross sections: H->yy/Z7

o1id [fb]/13TeV Hoyy

H—-ZZ

ATLAS 55+9(stat)+4(syst)+0.1(th)
SM 64+2

3.62+0.5(stat)*0-259 29(sYS)

2.9110.13

All measurements (in different fiducial

volumes) agree well with SM predictions.
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systematic uncertainty
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— G,y My =125.09 GeV

QCD scale uncertainty
mm Total uncertainty (scale ® PDF+a)

Vs=7TeV, 451"
Vs=8TeV, 20.3fb"

N Vs=13TeV, 36.1 fb 7
1 1 1 1 PR s | s P
7 8 9 10 11 12 13
Vs [TeV]
_— ¢ Data
ATLAS Preliminary [ Syst. uncertainties
H— ZZ* > 4] [ ] SM (ggF @N3LO + XH)
‘. MG5 FxFx + XH
13 TeV, 79.8 b % NNLOPS + XH
A HRes 2.3, NNLO+NNLL + XH
2180 245 8 9
e
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WW?#* signal strength measurement

Table 2: Event selection criteria used to define the signal regions in the H— WW™*— evuv analysis.

Category Njet =0 ] Njet =1 ] Niet > 2, VBF

Two isolated, different-flavour, leptons (€ = e, u) with opposite charge

lead sublead
Preselection pr°>22GeV, py > 15 GeV

Mep > 10 GeV
Eiss 2k 5 20 GeV
Np jet, (pr>20 Gev) = 0
Background rejection || Ag(¢£€, EXS) > /2 | max (m{l) >50 GeV
ptf>30 Gev Mer <mz — 25 GeV
H—> WW*— evuy mee <55 GeV Central Jet Veto
topology Ager < 1.8 Outside Lepton Veto
Discriminant Variable mr BDT
BDT input variables mjj, Ayjj, mee, Apee, mr, Y, Ce, g ; mej, pY*
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