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Higgs production modes

Dominant production
without distinctive features

gluon fusion

g t
t

) t
O0B00000

o(13 Tev) = 49pb

associated prod. with W/Z

q w,Z
w,Z )

q H

o(13 Tev) = 2.3pb

[Phys. Rev. D 98, 030001 (2018)]

vector boson fusion (VBF)

o _—q
wz'y, H
Wl

.

o(13 Tev) = 3.8pb

associated prod. with tt
,,,,,,,,,,,,,,, e

g Sy

o(13 Tev) = 0.6 pb
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Non-inclusive channels have lower o while providing additional signatures to reject background


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

Higgs decay channels

 bb dominant BR (58.4%)

e 7T complex final state BR (6.3%)

« WW* 2nd |argest and clean BR (21.4%)

e 77* clean fully reconstructed BR (2.6%)
* vy clean with high sensitivity BR (0.23%)
* uu clean, very low BR (0.022%)

[Phys. Rev. D 98, 030001 (2018)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

Higgs Mass in yy and ZZ*-2>4l final states

my=124.97 £ 0.24 ( £ 0.16) GeV

T T I T T T T | T T T T I T T T T I T T T T I T T T T | T T T

ATLAS ~-Total [ |Stat. only
Run 1: Vs = 7-8 TeV, 25 fb", Run 2: Ys = 13 TeV, 36.1 fb’' Total  (Stat. only)
Run 1 H—4] b = 124.51+0.52 ( + 0.52) GeV
Run1H—-yy H——e——H  126.02 +0.51 (+0.43) GeV
Run 2 H—4/ —— 124.79 £ 0.37 ( £ 0.36) GeV
Run 2 H-yy -—ol—- 124.93 +0.40 ( £ 0.21) GeV
| Runts2 Ho4l S 12471£030 (£030)GeV
Run 142 H—yy ————1 125.32 £ 0.35 (£ 0.19) GeV
| Run1Combined  #——— 12538 £041 (£0.37) GeV
Run 2 Combined ——i 124.86 + 0.27 ( £0.18) GeV
Runds2Combined | em—a T 124.97 £0.24 (£0.16) GeV
| ATLAS+CMSRuni T 125094024 (£0.21)GeV

123 124 125 126 127 128
m,, [GeV]

Phys. Lett. B 784 (2018) 345

* For H->yy systematic
uncertainties are important
(photon energy calibration)

* H->4] is still dominated by
statistical uncertainties (36 fb1)

* The current combination (with
36 fb!) has comparable
statistical and systematic
uncertainties

* 0.2% precision


https://www.sciencedirect.com/science/article/pii/S0370269318305884

Higgs decays to Bosons

ATLAS

EXPERIMENT

Run Number: 359058, Event Number: 2965933740

H;El”LIH'H |,H'HH'HHE‘£ Date: 2018-08-25 02:51:44 CEST

Z(2up)+
H(=> upee)
candidate in
2018 data




@ Higgs to ZZ*

* Select two pairs of same-flavor
opposite-sign leptons

* Require one pair to be compatible with
the Z mass

* Main background ZZ*

e ZZ* background normalization is
constrained from data new for this
measurement

* Run2 sample of ~200 signal events

 Fiducial 0*BR (H=>ZZ*—>4l) measured is
3.35 + 0.32 fb (cfr SM 3.41 + 0.18 fb)

Events/2.5 GeV
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https://cds.cern.ch/record/2682107

@ Higgs to Z

o [fb]

N*’/NZr.  Theory/Data

25

ATLAS Prellmlnary 4

T T
Data

:— H—ZZ* - 4l [] Syst. uncertainties —:
- 13 TeV, 139 fb™ B MGS5 FxFx K = 1.47,+XH
[ Bin-by-Bin Unfolding * NNLOPS K = 1.1, +XH .
e XH = VBF+VH4+ttH+bbH+tH ]
: Total stat. ® syst. uncertainty |
. N —3— Fitted ZZ Normalization ]
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https://cds.cern.ch/record/2682107

Simplified Template cross-section (STXS)

* Define regions within the phase space of each production process,
and fit for the cross-section in each region

* Reduce model dependence and maximize sensitivity to BSM
* Increasing level of detail stage O, stage 1, stage 1.1

arxiv:1906.02754

* In the following STXS results are
_ shown for H>7Z* >4l and for the

| ~ o | i I >2let combined analysis

| my; | 0 350] | [m; [ 350 o] |
e STXS results available for many more
single channels
1000
1500

Stage 1.1



https://arxiv.org/abs/1906.02754

@ Higgs to ZZ* with STXS

Reconstructed Event Category

* Simplified Template cross-section
(STXS) to probe various regions of
the phase space (reduced stage 1.1)  wroqpion [

* 12 reconstruction categories

* Good agreement with SM

0j-p*-Low

0j -pir'-Med

1j »pi'-Low

1j -p#‘-Med

i —p;’,‘-High

1 -p#‘-BSM-Like
2

2j-BSM-Like
VH-Lep-enriched
0j —p4T'-High
ttH-Had-enriched
ttH-Lep-enriched

ATLAS Simulation Preliminary

H— ZZ* — 4l
13 TeV, 139 b

0.1

0.2

0.3

0.4

0.5

[0 ggF-0j-p!-Low [l ggF-p!-High

I ggF-0j-p-High

VBF-pT Low

I goF-4j-pf-Low [ VBF-p]! High
B goF-1-p"-Med  [] VH-Had
I ooF-1j-p;-High [l VH-Lep

I ooF-2)

0.6

B ttH+tH

0.7 08 09 1

Expected Composition

zz0i [ —a—
ATLAS Preliminary .1 ., I
H— ZZ* — 4l 2| e — i
13 TeV, 139 o™ pox| . |
Reduced Stage 1.1 - |yH| <25 R - R R B 2£N
—i— Observed: Stat+Sys SM Prediction M
[ m] Observed: Stat-Only c-B[fb] (c:B)g,, [fb]
9gF-0j-p*-Low [~ E 180+50 176+22 |
Em3 580+ 100 550 +50 |
ggF-1j-pH-Low [~ -|:—-—-& 130£80 17225 |
9gF-1j-pH-Med | SR 140+50 11919 |
ggF-1j-pf-High | a3 28 197441 |
agF-2j | FR— 60+70  125+27 |
9gF-pH-High B [i » & I 1 151442 |
VBF-pH-Low | = 145°% 86.3+ 3.0
VBF-p*-High - : 03" 5.76 + 0.22
VH-Had | E ; om 3 60’0 %92 |
VH-Lep | E . 3 227% 165770 |
ttH | E - =1 1872 15.4*19 |
| | | | | PR TR M R R |
—1 0 1 2 3 4 5 6

Oggr * BR(HDZZ*) = 1.14 % 0.13 pb with |yy|< 2.5

(cfr SM 1.17 + 0.08)

ovsr * BR (H>ZZ*)= 0.13 + 0.04 pb with |y,|< 2.5
(cfr SM 0.0920 + 0.0031)
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https://cds.cern.ch/record/2682107

Events / 0.5

Events / SM

Off-shell Higgs boson production

"""""" RN RN RN RN I RS R .
350 ATLAS o Data * Two final states ZZ=>4l and ZZ>212v

- - 1 .
300_f’ e e et 4 * ZZ—>4l uses ME discriminant to separate signal

. B o022 from ZZ production
250 B Other backgrounds * Inputs are masses and angles

N Uncertaint . . . .
reerany  7ZZ->212v discriminant is the transverse mass

200

The ratio of off/on shell signal strength is
measured and interpreted as

Woft-shell/ Mon-shell = '/

* Assumes off- and on-shell coupling modifiers are the
same for both ggF and VBF production

e See Phys. Lett. B 786 (2018) 223

150

SM
100 Iy

50
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|III|III||III]|IIII|IIIIIIII

ok | L ez
1.5'—+ . o i \{—- '/ T'P™M<3.5(3.7 exp.)
N g:«x\m\w«\x\&\wa\x\w‘\x«<\\\\&\\\\&\\\\&\\\\X\\\\\ f o ]"H <14.4 MeV (15_2 e Xp.) @ 95% CL
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https://www.sciencedirect.com/science/article/pii/S0370269318307494

@ Higgs to yy

* Select two high p; isolated photons
* Main back ground is irreducible yy

* Background parametrized with analytic
function

* Limit potential bias on the extracted signal
* Run2 sample of ~¥6500 signal events

* Fiducial o0 * BR is measured: 65.2 + 7.1 fb
e cfrSM63.6+3.3fb

Events / GeV

Data-Background

ATLAS-CONF-2019-029

Full Run2

| I
4
4

‘lllllllllllllllllllll

vvvvvvvvvvvvvvvvvvv

ATLAS Preliminary ¢ Data
Vs=13TeV, 1391fb"

H-yy, my, =125.09 GeV

110 120 130 140 150 160
m,, [GeV]
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https://cds.cern.ch/record/2682800

ATLAS-CONF-2019-029

* Measure p; differential cross-section

s 10—  Sensitive to charm quark Yukawa coupling
3 ATLAS Preliminary H-—syy,{s=13TeV, 139" ] . . .
2 4Ommtotunc. N\ systunc. ] via cc2>H production and interference of
b B g H default MC + XH ) c- and t-mediated contributions to the gg
Eg Bl NNLOUET ® SCET NNLO @ NLL + XH fusion |00p
3 = XH = VBF+VH+ttH+bbH ] _—
3 ‘ * Limits on k. are set [-19, 24] at 95% CL
-1‘ ﬁ80“‘|"'|"'|"'|"'"'\"'I"'\“‘I"'I"'I"'
107 £ L ATLAS Preliminary H—yy, 's=13TeV, 139 fo" |
;; -¢- Data, tot. unc. ' syst. unc.:
: Su 80k | B gg—Hdefault MC + XH |
s g §\ |8 gg—H SCETIb+MCFM8 + XH
R ] I . F=! XH = VBF+VH+ttH+bbH |
: ‘ 40 I +“‘:
2....l....l....l....l....;-.-r'l-.-1°.-r1- T e
g | + 2
= 1.5’ L
S 1R T T A ik s SRR
o | 513 ‘
205 ) s
m 1 1 1 | 1 1 % . F o “" oy 0 = \ ,..i-— \‘\\ =
0 50 100 150 200 250 300 350 - $ ) W
P!’ [GeV] 205 N

1 1 1 1 1 Il 1 l 1 1 1
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https://cds.cern.ch/record/2682800

@ HiggSs tO YY - Probe for new physics with differential cross section

* Limits on dimension-6 operators Wilson coefficients

ATLAS-CONF-2019-029 describing couplings with W and gluons

Full Run2 3 Full Run2
L L L B I B L BN B LR B 04X1Q" L A

o 0.15~ ATLAS Preliminary H— yy,Vs=13TeV J - ATLAS Preliminary H— yy.Vs=13TeV 1

- SILH g 0.3t siH E

0'1:_ Cug = Crw E 0.2 Cug = Ciy=0 -

T Cug = Chw 7 C Cug =~EHW=0 R

0.09 ¢,=¢,=0 — 0.1 ¢,=¢,=0 =

E 57=57=0 E - .

o i o_ i

—-0.05 \J — —0.1;— —;

01 £071 Observed 68% CL E _0.2E- 3B Observed 68% CL E

7 F [] observed 95% CL - - [] Observed 95% CL E

—0.15~ + SM - —0'35_ + SM B
il AR IR BRI ENR I SR RSN S SR i 0405 . . IR B x10°

—0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 -0.8 -0.6 -0.4 0.2

Chw [


https://cds.cern.ch/record/2682800

Events/ 10 GeV

Data-Bkg.

nggs to WW*2evuy

20001 T ]
_ -¢- Data. \ Uncertalnty ]

1800__ ATLAS . HggF - HVBF B

1600F H->WW*—evuv, Net <1[_] tt/wt [l ww .

1400F Vs=13TeV,36.1f0" M zy" [ Mis-ld _
- B vw

IIIIIIIIIIIIIIIIIlIIII Illlllllllllllll
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Phys. Lett. B 789 (2019) 508

* Two different-flavor OS leptons selected
* Main backgr. are WW, top, diboson and Z—2> 1t

* O *BR(HOWWH*) = 11. 4+ “pb
¢ O-VBF*BR(HQWW*) - gggpb
— 2.0 . : : — —————r
g | — eswct ATLAS L
T T PRC s=13 TeV, 36.1 b ]
z 15T % Bestfit ]
S | + su
T s
S 1.0_- i
s |
© 05F i
0.0f i
_0'5—5.I..6..‘.élIllllOI...1I5.II.210..'.25

OggF * Buww* [pb]  °


https://www.sciencedirect.com/science/article/pii/S0370269318309936

200_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

s U _
" * % | | ?@ 180:_ ATLAS -¢- Data Y Uncertainty_:
VH with H2WW viv £ o ot o gy
. - . L 1403_ WH f viviv ] vw [] top-quark _
arxiv:1903.10052 - £-dominated [ Z+ets / Zy 77 WH x30
WH 120:
. ) 100
e Events are selected with exactly 3 isolated 80
leptons with p;>15 GeV 60
* The total charge is required to be + 1 q ; ‘2‘2 |
* The main WH backgrounds are WZ/Wy * and top processes rdene BT
. .. . 2 25" IIIILIILLLL
e BDT discriminants are used to extract the signal % 5
8 A B L N g 1'5_]
& 16f ATLAS - Data - 05—
2 14 /s =13 TeV, 36.1 1o 7. Uncertainty 4 -0 U RSO S N NN N B B B B
g h oy £ is-d | "1 08-06-04-02 0 02 04 06 08 1
S yof 1-sFOS ]z ]
. ; - VV*V ] BI:)TZdom
+ ZH q I3
! * Events are selected with 4 leptons p;>10 GeV
a1 with a total charge of O
N e e e Onlg events with 1 or 2 same flavor opposite sign
2 sy | (SFOS) leptons are kept
; 2 ® i
8 1+w * L el e
L |? | |+| | T ‘I \‘ | |



https://arxiv.org/abs/1903.10052

VH with H2WW*=2|vlv

* o(WH)*BR(H>WW¥*) is measured to be

0.671033(stat.)918(syst.) pb

1 ® By ww [PP]
N
U‘I

* 0(ZH)*BR(H>WW¥) is measured to be S 1 50

0.5410-31(stat.)t3-15(syst.) pb

* The WH and ZH combined significance
is4.10 (1.9 exp.)

arxiv:1903.10052

ATLlAS O eewa

1 —95% CL —:
@_13 TeV, 36.1 fb° Joestit
® SM .

LT R R N TR L]
05 1 15 2 25
Szi * By, ww [PP]
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https://arxiv.org/abs/1903.10052

ATLAS Higgs decays

EXPERIMENT to fermions

Run: 283429
Event: 2254956594
2015-10-27 04:23:45 CEST

my = 124.0 GeV Tl;d

p% =237 GeV




Events / 0.35

Pull (stat.)

VH with H>bb | @ e
W I t 18¢ \s=13TeV,79.8 1" Bl VH, H — bb (1=1.06) -
16 0+1+2leptons [ Diboson
2+3 jets, 2 b-tags Uncertainty
14 Weighted by Higgs S/B Dijet mass analysis

« H>bb hidden by large bb background
* VH prod. improves S/B and provides best sensitivity

* Signal includes ZH>vvbb, WH=>Ivbb, ZH>1lbb
corresponding to 0, 1 and 2 charged leptons

+

Events / 10 GeV (Weighted, backgr. sub.)
[00)

o "l""l""l""l-'.‘-'D'atla‘"'I""I"' 05+‘
ATLAS B VH, H - bb (u=1.16) -
s=13TeV,79.8 fb" tstil'l le to PhVS. Lett.B786 (2018) 59 _2_|||||||||||||||||||||||||||||||||||_
10° =s|+i?:|s g 40 60 80 100120 140160 180 200
ultijet

B W+jets
p Diboson

m,, [GeV]

* Events selected with exactly 2 b-tagged jets that form
the Higgs candidate, with one b-jet having p;>45 GeV

* 8 event categories based on 2 or 3 jets, number of
leptons and Higgs py

L 1Ll

ol

e BDT analysis is performed in each region

19

' logm(S/B)


https://www.sciencedirect.com/science/article/pii/S0370269318307056

Combination with H>bb and VH channels

« The VH (H=>bb) result is combined with the bb analysis of TATLAS | Hobb  1se7TeV,8 TeV, and 15 Tev
. 4.7 b7, 20.3 b, and 24.5-79.8 fb™!
ttH and VBF+ggF production modes Runl and Run2 —Total  —Stat. Tot. (Stat, Syst.)
* The measured combined signal strength relative to SMis  V*7%F R I IIRUE IS g
HH—bbp = 1.01 £0.20 = 1.01 + 0.12(stat.) ") | 3(syst.). ] 1.00 1058 (1028 w04
* The H>Db combined significance is 5.40 (5.50 exp.). wl W 098 0Z (91 017
* VH (H->bb) alone has 4.9¢ significance (Run2 only) L
T T A e Comb. .Tq 1.01 220 (2912,7518)
ATLAS VH 1s=13 TeV, 79.8 fb” S T e
—Total  —Stat. Phys. Lett. B 786 (2018) 59 u
Tot. ( Stat., Syst.) H—bb
Moo 27 | —d y 094 MM (2 03 B
* The Run2 VH (H2>bb) result is combined with VH in
H +0.60 +0.53 +0.28
BAL I e 103 Sos (050022 ) the decay channels H>Z7Z*>4l and H>yy
H-—> bb ke 117 0% (316,505  The VH comb. has a significance of 5.30 (4.80 exp.)
Gomb. He 143 902 (1015 w018 * The signal strength is 1.13 £ 0.15 (stat.) £ 0.18 (syst.)
TN IR A Lo b by b by b s b

0 05 1 15 2 25 3 35 4 45 5
l’LVH
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https://www.sciencedirect.com/science/article/pii/S0370269318307056

Higgs to 7T

Select all of pairs of T2 evv, T2 uvv, T=2>v hadrons
Main backgrounds Z-> 11, Z—=21l, top, misidentified T

Dominant Z=> 17 is normalized to data via Z=2 |l
validation regions

Require a jet with p>40 GeV to suppress Z21T
e Jet pr>70 GeV for T},,4T hag Channel

Two categories to improve S/B and disentangle the
production modes

* VBF:lJet2 p>30GeV, |4n;|>3, m;>400GeV

* Boosted : not VBF and p;**> 100 GeV

The total o * BR(H=>717) is measured to be
3.777 0% (stat. ) To 5. (syst. )pb

In combination with run 1 data, H—> 7t has been
observed with a significance of 6.4 g (5.4 exp)

Phys. Rev. D 99 (2019) 072001

__ATLAS
- V{s=13TeV, 36.1fb™
~ All SRs

Weighted events/ 10 GeV

I | I
-o- Data 2015+2016
CIdH-7r(u=1.09) |
Mz N
Il Other backgrounds
[ ] Misidentified =
777 Uncertainty

Data —Bkg
oD ON A~

150

MMC

mT’L’

Q)

CD —

5 Ic\3)|||||1|| mnm
o


https://link.aps.org/doi/10.1103/PhysRevD.99.072001

Background (and signal)
composition for the 6 control
regions and 13 signal regions

HiggstoTT

TepTiep VBF TiepTiep POOStEd
Z—IICR Z—IICR

O

ATLAS

1s=13TeV, 36.1f0"

E3H-tr [ Top

@ Z—rr [ Other backgrounds
[JZ—l [ Misidentified 7

TlepTIep VBF 1-Iepflep boosted TIepThad VBF Tlepfhad boosted : ThadThad VBF a 0.8 — T T T L
top CR top CR top CR top CR : high-p?* SR =3 T _::"f’ gt .
' & - --- 68% .
' 5T r 3K Best fit 7
' S + Sm 7
i | -
' 0.2 .
TiepTiep VBF TiepTiep boosted Tiep Thad VBF Ton Thag POOStEd : TadThag VBF T a0 Thag POOSTEd I et i
loose SR low-p?* SR loose SR row-p” SR ' loose SR low-p?* SR o n
' - ATLAS ]
. L i
: 02— e 1T
. -2 0 2 4 6 8 10
: ozgi'r'r [pb]
1
TiepTiep VBF TiepTiep boosted Tiep Thad VBF TiepThad boosted E TadThag VBF TadThag POOStEd
tight SR high-p?* SR tight SR high-p?* SR "
1
1
1

tight SR high-p:" SR Phys. Rev. D 99 (2019) 072001

>



https://link.aps.org/doi/10.1103/PhysRevD.99.072001

@ Higgs to uu

* With its low BR (0.022%), the Higgs
- uu signal hasn’t been observed yet

* Select two opposite sign isolated
muons

* Main backgrounds Z/y*, top, diboson

* Inclusive selection has a challenging
S/B=0.2%

* Background is modeled with an
analytical function to avoid bias

Events / GeV

Data/MC

ATLAS-CONF-2019-028
Full Run2

1010|Er'| L L B B R B B

= ATLAS Preliminary —¢-Data 3
10° - Vs =13 TeV, 139 fb’ 0Dz o

= H — pp analysis [ Diboson 3
108;_76<mw<160 GeV Bl Top _

= —ggF [x100] 3

= — VBF [x100] 3
10 g VH [x100] 3
10° E -
10° -é
10* .
10°

80 90 100 110 120 130 140 150 160
Dimuon Invariant Mass (with FSR) [GeV]
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https://cds.cern.ch/record/2682155

@ Higgs to uu

* Improve sensitivity with BDT oo s T
. . ata
* BDT trained with background from 050 ﬁls TeV, 139 fb” ZgﬂﬁLFEEF
side bands and simulated signal 200 l0g(1+8/8) weighted .- Bkg. PDF

* BDT inputs
* Dimuon system variables
* Jet(s) prand n (for events with 1 or 2+
jets)
* Angles among jet(s) and dimuon system
(for events with 1 or 2+ jets)

* Set limits on 6*BR(H=2>uu) / SM < 1.74

(1.33 exp) 110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

100

Weighted Events / 2 GeV

50

150
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K Wy
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EXPERIMEN production
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H(=2 1)
candidate in

2017 data




Observation of ttH production

Phys. Lett. B 784 (2018) 173

 Combination of ttH searches in yy, ZZ*=>4l, multilepton, and bb (data at 7, 8 and 13 TeV )

 ttH production observed with a significance of 6.30 (5.1 exp.)
* At 13 TeV oy is measured to be 670 + 90 (stat.) Y130 (syst.)fb (cfr SM 5071233 b)

Events/bin

Data/Bkgd.

—_
(@]
[

—_
o
<

A

TT 71T | T T T T T TT T T 1T TT
TLAS
{s=13 TeV, 36.1 - 79.8 fb™

AR AR AR RN
¢ Data
Bt (u=1.32)
ttH (u=1)
DBackground

II|IIII|'IIII|IIII|III |IIII II\Il\II\
25 -2 15 -1 -05 0 05

Iogm(S/B)

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

Total Stat. Syst.
ttH (bb) :.%: 079+ 23 (+ 22 +0.53)
ttH (multilepton) H=—H 156+ 030 (* 03 % 037 )
ttH (rv) —— 139+ §2 (£ 0% .+ 05)
ttH (22) fe <1.77 at 68% CL
Combined H==H 132+ 0% (£0.18,+ %)

1 1 1 1 | 1 | | 1 | 1 | 1 1 | | 1 1 1 I 1 1 1 1 I 1 1

-1 0 1 2 3 4
SM
Gttl—/cttH


https://linkinghub.elsevier.com/retrieve/pii/S0370269318305732

Fraction of Events

Low cross-section * BR(H-=2>yy) low background Tt H p rOd U Ctio N ( H 9yy)

Event selection based on BDT in 7 event categories

Signal extracted fitting the yy invariant mass

Observed significance 4.90 (4.20 exp)

Full Run2

> _I T I T T T T | T T T T T T T T I T T .l I. | T T T T ]
* The full Run2 sample gets close observation & 305 ¢ Data ATLAS Preliminary e
o) R Continuum Background s = 13 TeV, 139 fo a
1:I TTT I TTTT | T T TT | TTTT | T TTT | T TTT | TTTT | T TTT I T TTT | T TT I: B 25 : - o wm Total Background mH = 125.09 Gev :
0_9;_ ATLAS Preliminary —;— ﬁ'?'lnéc?nli?él Region _; : E —— Signal + Background All categories E
0.85 Vs=13TeV, 139 b — ttH E 0 ool In(1+S/B) weighted sum B
“°E Had region i:.:Non-ttH Higgs — S - ]
0.7 : ;| 2 150 -
= 0.35F : 3 - - N
0.6 oak A o) C 7
= g - E 10f i
0.5 0-25¢ N > .
- 0.2 3 n .
04:_ 0.15F = 5:— [
036 = - s
——— 0.05E Creder ' . O PR [T T N SN T ST SO ST S AN SRR SN SN TN N S N SN NN SO S SO
0.2E. i — 110 120 130 140 150 160
- 0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1 ' .
0.1 == N m,, [GeV]
E T e
I ETETETEE B AEEie N B oY i s alia ll HIN .
% 0102 03 04 05 06 07 08 09 1 A7 AS.CONF-2019.00

BDT Output 2


https://cds.cern.ch/record/2668103

Events /0.2

Data - Bkgd
Bkgd. Unc.

ttH production (H=>bb)

 Select events with 1 or 2 e or i and with at least 3 jets of which 2 are b-tagged
* Main background is ttbar + jets

* BDT are used to classify and reconstruct the events

Phys. Rev. D 97 (2018) 072016

* Signal strength (u) values above 2 are excluded at 95% CL
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108

10°

10*

10°

10

N

N O N »

————
—-4- Data
M (TH (1 =0.84)

tiH (”95% exc|.=2'0)
[ ]Background
7., Bkgd. Unc.
-+ Bkgd. (u=0)

TLAS
s=13TeV, 36.1 fb™

>

T L

\IIIIII| IIIIIIII| IIIIIHI| IIIIIIII| I\IIIIIIr

ttH (bb) Combined
Dilepton and Single Lepton

Post-fit

/

T T ||IIIII‘ T \||||||| T |||||II| T IIIIHI| TTTT I|I| T \I|||I||_

36 24 23 5 18 16 14 12 1 08
Iogm(S/B)

= 0.84 +0.29 (stat.)

+0.57

“0.54 (Syst.)

Dilepton
(two-u combined fit)

Single Lepton
(two-u combined fit)

Combined

28

ATLAS

{s =13 TeV, 36.1 fb™

ot.
stat.

m, = 125 GeV
tot (stat syst)

+1.02 , +0.54 +0.87
-1.05 ( -0.52 -0.91 )

+0.65 , +0.31 +0.57
-0.62 ( -0.31 —0.54)

+0.64 ( +0.29 +O.57)
-0.61 \ -0.29 -0.54

5 6

Best fit u = ¢"™/oH


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072016
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o
)S)

Invisible decays

* Dark matter particles, if sufficiently light, may be produced in decays

of the Higgs boson

* Combining searches in VBF, Z(=1l)H, and V(—2jj)H production modes

* BR(H->invisible) < 0.26 (0.1779-3Z exp.) at 95% CL

L ATLAS ]
B Vs=7TeV,4.7fb" ]
L \s=8 TeV, 20.3 fo! _ Analysis Vs Int. luminosity Observed Expected pgn-value Reference
Vs =13 TeV, 36.1 fb™ — Run 2 VBF 13 TeV 36.1 fh~! 0.37 0.28%048  0.19 [36]
= Observed limit ] Run 2 Z(lep)H | 13 TeV 36.1 fh1 0.67 0.397017  0.06 37]
@swss Expected limit+ic Run 2 V(had)H | 13 TeV 36.1 b 0.83 0.58702  0.12 [38]
""" El’l“;ﬁi‘:dai'g‘g;%’l_ ] Run 2 Comb. | 13 TeV 36.1 fb! 0.38 0.2170% 003 this Letter
. Run 1 Comb. 7,8 TeV 4.7, 20.3 fh~? 0.25 0.277000  — (35]
B 7 Run 142 Comb. | 7,8,13 TeV  4.7,20.3,36.1 fb=!  0.26 0.17F5:0T  0.10 this Letter
- Phys. Rev. Lett. 122 (2019) 231801
L | | | | | i
V(had)H Z(lep)H VBF  Combined Combined Combined
Run 2 Run 2 Run 2 Run 2 Run1  Run1+2 29


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231801

@ Combined Higgs cross-section ankiv:109.02645

ATLAS , —Total - /Stat. ==Syst. ‘I SM
A SR « Combination of results up to 80 fb!
H
Pgy=71% : : : :
 Combined signal strength is determined to be
Total Stat. Syst.
Y "_;4 0.96 =xoia (zo0a1 , T35
27 s 1.04 *918 (io14 , xo06) — +0.09
I 0.15 prm—
ggF ww+ 'i-ﬂ 1.08 +o019 (011 , +0.15) ILL 1'11—0.08
o i el 096 5% (0% . 0z)
____________ comb. W . .......1.04 oo (007, oo5)
Y pre=H 139 203 (630 » Zo%e)
zz —— 268 oz (log1 5 10%0) ro)
Ww* v 059 0% (028 o5 a 20 ATLAS i —H— 9y
VBF il e ok hmom — - V/5=13 TeV, 245 - 79.8 fb —H 77 i
© “oss (o0 > “os5) @ my = 125.09 GeV, |yu| < 2.5
b | = = 301 118 (55 L 16%) S Pou = 50% H— WW
............ comb. E}§;§§Z§§L§§‘§§ 15 —H— 77
Y === -054 \ —049 s —022 I = P -
|z e——— oss 112 (1i8 3% Combined
bb P ] 119 Zo% (037 . “o%) 10| |
____________ comb. e 115 5% (o, i)
7Y = 110 1035 (1035 L 18%)
A e 150 9% (i, c0n) i |
(EHAtH |70 e——— 198 48 (0% L EE) 5
bbb 079 o5 (=02 , x0s2)
comb FEI 121 0% (xoa7 , T3%)
| ! ! | ! L 1 | ! | ) | ! ! L | ! 1 | | L O
2 O 2 4 6 8 B — 68% CL == 95% CL +BeSt Fit @® SM 7
. 0 20 40 60 80 100
¢ x BR normalized to SM 30
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https://arxiv.org/abs/1909.02845

@ Combined Higgs cross-section

ATLAS "Total Stat. Syst.
{s=13TeV, 36.1- 79.8 fb” ﬁ’;ﬁ” 086 %ié Eﬁ §§§>
m,; =125.09 GeV, ly, | <2.5 Bbb /ZBZ 0.63 028 (o1 3%)
Py = 89% " ey B BRI
—e—iTotal Stat. B./Bzz  Fm= 087 454 (Zo19 014
=== Syst. || SM B R R Y- R N R R R B YR
Total Stat. Syst.

hr 12 28 (218

o <o0cov o7 38 (B3 55

I R TS T ¥
-]et,1205pr<2OOGeV|-l-| 130 572 (_oe5 -030
copicmocey M 5 (5 o
cmpeanew it 205 SH (50 58

e lm 1sr 9 (5% 0%

99~Haq x B;. | VH topo -— 012 55 (55 D02
P =200 GeV  fem=—y 095 g (529 L0720

qa—Hiv x B,y |7 220G b= 228 TR0 (0 00
pamce et 1 S 1 R

pr<iSOGeV ey 085 115 (oos 120
99/4q—Hill x B,,.[150 < p¥ <250 GeV  p=m=r 0.86 ﬂfg t(‘)igg, tg:;g)
oo ez 38 (15 49

v 5, s 92 (320 92
PR SRT SA SN AU SN NN ST SO T SR NN SR SN T SN NN ST SR SR SR NN ST S N

-10 -5 0 10

15
Parameter normalized to SM value

arXiv:1909.02845

* Cross section and branching ratios with
simplified template (STXS)

Vlep)H

qg— HIv, p,¥ < 250 GeV |
qg— Hlv, p,’ =250 GeV |

2e/gq— HIL p, < 150 GeV. |

2e/gq— HIL, 150 <p, < 250 GeV |

gg/qq— Hl, p, 2250 GeV |

* Good overall agreement with SM in a
range of kinematic regions of Higgs boson
production processes
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@ Higgs couplings from combination

ATLAS s-utwzsmen' | o The 3 fits for the couplings assume

my =125.09 GeV, ly, | <25

e * Bgsy = 0 : no undetected decays and SM invisible BR
Bggu=0 Ky <1 Kon = Kot .
Pou 8% Py =% by = ST * ky<1 : Off-shell production doesn’t depend on I';7°T
Kz i * Includes H=>invisible searches
Ky = * Same on-shell and off-shell couplings
i ] * Includes off-shell analysis
s 58 . o 0 0
R == Bgsm< 47% at 35% CL arXiv:1909.02845
. =
S 35K - L R B B L L L B B B RN I
5 352 i — * 2:_‘/'%7_-’;':%/ I + Bestfit
5558 '§§§§ §§§ = 1.8 m, - 125.00 GeV, Iy | < 25 — gg% gt =
RS ':‘ | E pg,=41% ----95% e . .
. - 16" Jsm 3 Assuming universal
.~::§.: — 1 1.4 — .
- 2l E coupling scale factors
: - 1= -
. 0.8 E Kv = kw = Kz
_ 0-63_—Combined —H-yy _f KF — Kt — Kb — KT — KM
Lo b b 0_4:__H*ZZ Howw =
15 -1 05 0 05 1 15 2 025—‘*”“’ S E
Parameter value 070204 0608 1 12 14 1618 2 32

Ky
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Search for Higgs pair production

0600001 , H

* The Higgs self coupling as a further EWSB probe /
* Six analyses are combined T e
* Limits are set on g / 04> < 6.9 (10 exp.) at 95% CL

* Limits on Higgs self coupling modifier i; are set -5.0< k; < 12.0 at 95% CL

T T T T T T T T T T T 3‘ 10_II|IIIIIIIIIIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIII_
ATLAS —— gbseﬂt/eg 2 c ! 3 |~ =" Exp. 95% CL limits
- 4 mmeee- xpecte E — - -
Vs=13TeV, 27.5-36.1fb s Expected £ 10 % i 11 Obe. 859 GL 1t
L oSM (pp — HH) = 33.5 fb Expected + 26 _ 7 I N =] s. 95% CL limits
L Obs. Exp. Exp.stat. | g L — \ : — bbbb
bt 125 1 12 i = ‘ E _
HH— bbt't i 5 5 i s 2 — bbr*t
HH— bbbb 129 21 18 © 1
- . 7 bbyy
HH- bbyy 20.3 26 26 I Allowed x, interval -
HHD WWWW | 160 120 7 107 1-2t99% CL = come-
— E =
- . - Obs. Exp. ] - Comb. 16 (exp.)
HH— W'Wyy 230 170 160 C (Exp. stat.) ATLAS ]
— i . " -50-120 | -5.8-12.0 s =13 TeV Comb. +25 (exp.)
HH BBWW | 805 505 240 arXiv:1906.02025 - (-5.3-115) | 075361 fb — N
Combined J 69 10 88 10—2 11 | L11 | L11 | L1111 | L1111 | : 111 | L1 1 | L1111 | L1111 | 11 Theory predlcnon
Y R ST RSP P ER 20 -15-10 -5 0 5 10 15 20
102 10° 10* 10° 33

10
95% CL upper limit on 6 . (pp — HH) normalised to c:;"'F K,
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Entries / GeV

Data - fit

Search for LFV in Higgs decays

* Lepton flavor violation searched in the

* No significant excess observed
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¢ Data
— —— Background model
— Signal (H— eu BF=0.05%)

- ATLAS Preliminary Vs=13TeV, 139" 1

| 1y

T
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™

A T N N N P B
125 130 135 140 145 150 155 160
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6€0-6T0C-ANOID-SV1LV

arXiv:1907.06131

T T T T T T 17T I T T T T T LI I T
ATLAS Preliminary — gbser;/eg »
AT e xpected + 1o
Vs =13 TeV, 36-139 fb Expected + 26
eu
et
u | i
1 1 1 1 1 111 I 1 1 1 1 1 L 11 I 1 1 1 1 1 11
1073 1072 107" 1

95% CL upper limiton B(H — 1) in %

* BR(H->eu) < 6.1*10~> (5.8*10 exp.)
 BR(H->et1) < 0.47% (0.34 exp.)
* BR(H->ut) <0.28% (0.37 exp.)
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Summary

* Run?2 provides an order of magnitude more candidate than Runl
* More differential measurements performed

* Together with improved analysis techniques more precise Higgs
measurements in an ample range of production modes and signatures

* Observation of Higgs interactions with all three third-generation fermions

* Precision probing of the SM Higgs sector on going
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