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Since the Higgs discovery by ATLAS and CMS in 2012, many
Higgs property studies (mass, spin, parity, couplings, cross
sections, etc.) have been performed

Today: combined measurements of Higgs boson production and
decays using 13 TeV data collected with the ATLAS detector
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Signal strength & production
cross-section measurements

ggF VBF VH ttH+tH
H-yy v (80 fb-1) v (80 fb-1) v (80 fb-1) v (80 fb-1)
H-Z2Z v (80 fb-1) v (80 fb-1) v (80 fb-1)
H-wWw v (36 fb1) v (36 fb-1) v (36-80 fb-1)
Ho1r v (36 fb1) v (36 fb-1)
H-bb v (25-31 fb!) | v (80 fb1) v (36 fb-1)

v/: channel included in the combination
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= 1.111990 = 1.11 + 0.05(stat.) % (exp.) V% (sig. th.) = 0.03(bkg. th.)

H = —0.08 0.04 0.04

* This measurement is systematic limited with similar impacts
from the experimental and theoretical uncertainty components


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

Production mode cross sections (assuming the SM decays)
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Cross-section normalized to SM value

» ggF cross section is now measured with 9% precision

* Precision of N3LO cross section prediction: 5%

« All major production modes (ggF, VBF, VH, ttH) are observed!
« VBF: 6.50 (first single experiment observation), VH: 5.30, ttH: 5.80
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

Simplified template cross
section (STXS) measurements

ggF VBF VH ttH+tH
H-yy v (80 fb-1) v (80 fb-1) v (80 fb-1) v (80 fb-1)
H-Z2Z v (80 fb-1) v (80 fb-1) v (80 fb-1)
H-wWw v (36 fb1) v (36 fb-1) v (36-80 fb-1)
Ho1r v (36 fb1) v (36 fb-1)

H—-bb v (80 fb-1) v (36 fb-1)

v/: channel included in the combination



- Measure production mode cross-sections in various phase-space
regions, which are chosen according to

- sensitivity to BSM effects
» avoidance of large theory uncertainties
» matching to experimental selections

- Within each region, use the SM predicted signal templates to fit
data

 Can still exploit powerful analysis techniques (e.g. MVA)
» STXS are measured granularly in the combination

- with and without assuming the SM decays of Higgs boson
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Coupling modifier
("kappa’) interpretation

ggF VBF VH ttH+tH
H-yy v (80 fb1) v (80 fb1) v (80 fb1) v (80 fb-1)
H—ZZ v (80 fb-1) v (80 fb-1) v (80 fb-1)
H->WW v (36 fb1) v (36 fb1) v (36-80 fb1)
H-oTT v’ (36 fb-1) v’ (36 fb-1)
H-bb v (25-31 fb1) | v (80 fb1) v (36 fb1)

v/: channel included in the combination

Analyses of H—pup (80 fb-1), H—invisible (36 fb-1), and off-shell Higgs (36 fb-1)
are also included in relevant studies




» Leading order motivated framework: assign coupling modifier to
each (effective) interaction vertex (e.g. Kw, Kt...)

* In this framework, production cross section times decay branch
fraction of i=H—f can be parameterized as

~ 0i(k) X T'e(k) 2 = Jj or K2 = [
o; X By = O ; J T SM J T SM
J J

» (this allows for a consistent treatment of production and decay)

- Total width of Higgs boson can be expressed as

Kz (K) [SM
(l - Binv - Bundet) H

[y (K, Biny. Bundet) =
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ATLAS Pre“minary\@ =13TeV,24.5-79.8 fo
m, =125.09 GeV, IyHI <25
. . 68300::5 —— —— -
» Not resolving ggF and Hyy effective P o wEwamw
P, = % pSM=97% pSM=95%
vertices, explore three different c, -
scenarios for total width: . E e
w :L__
- Black: assume Binv=Bunget=0 K| = =
» Red: constrain Bin and Bunget using  “? | =
H—invisible analysis and Ky < 1 e ==
: K el
- Blue: constrain Besy = Binv+ Bundet . -
. . K -
using off-shell analysis and Kon-shell - , —
B. L
= Koff-shell "L i
] o Bundet <—I
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. . BSM E
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Probe Higgs boson self-coupling

using single-Higgs production

ggF VBF VH ttH+tH
H-yy v (80 fb-1) v (80 fb-1) v (80 fb-1) v (80 fb-1)
H-Z2Z v (80 fb-1) v (80 fb-1) v (80 fb-1)
H-wWw v (36 fb1) v (36 fb-1) v (36-80 fb-1)
Ho1r v (36 fb1) v (36 fb-1)

H—-bb v (80 fb-1) v (36 fb-1)

v/: channel included in the combination

- T L



« Parameterize single Higgs

boson production and decays Fom - T |

with self coupling modifier ’ —
KA=A3/ASM3
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Combined measurements of the
total and differential cross sections
of Higgs boson production  NEW

Including the H—vyy and H—ZZ"—4-lepton
decay channels

Using the full Run-2 dataset recored by ATLAS,
correspond to 139 fb-1
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The results from the two decay channels are found to be
compatible with each other, and their combination agrees
with the Standard Model predlctlon
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- Based on up to 80 fb-1 of Run 2 data, ATLAS performed combined
measurements of Higgs boson production and decays:

- Inclusive signal strength

- production cross sections

simplified template cross sections
- coupling modifiers (“kappa”)

- Based on 139 fb-1 of full Run 2 data, ATLAS performed combined
measurements of total and differential Higgs boson cross sections

» All major production modes (ggF, VBF, VH, ttH) are observed

» All measurements are in agreement with the SM within (the
improved) uncertainties

« Results can be used to probe Higgs self-couplings and BSM effects



Backup slides



regions entering combined measurements

Summary of signal

H— -y H—ZZ" | H—->WW" H— 77 H — bb
ttH leptonic (3 categories) ttH multilepton 1 £ + 2 13,4 ttH 1 ¢, boosted
ttH hadronic (4 categories) ttH multilepton 2 opposite-sign £ + 1 Ty,,4 ttH 1 ¢, resolved (11 categories)
t¢H multilepton 2 same-sign £ (categories for 0 or 1 7,,4) ttH 2 ¢ (7 categories)
ttH tt H multilepton 3 £ (categories for 0 or 1 74,,4)
ttH multilepton 4 £ (except H— ZZ™* — 4¢)
ttH leptonic, H— ZZ"— 44
ttH hadronic, H— ZZ"— 4¢
VH?2¢ _ V H leptonic 24,75 < pp < 150 GeV, Nigyg = 2
VH 14, p€T+E$TSS > 150 GeV 24,75 < py. < 150 GeV, Niets >
vy | VH1 e,.pff+E$lss<150 GeV 2 ¢, py. > 150 GeV, Njoys = 2
VH EX® ERSS > 150 GeV O-jet, pr > 100 GeV 2 ¢, p} > 150 GeV, Njgys > 3
VH ERSS) pRISS 2150 GeV 1£pY > 150 GeV, Njeps = 2
VH+VBF p/ > 200 GeV 1£pY > 150 GeV, Njis = 3
V H hadronic (2 categories) 2-jet, m;; < 120 GeV 0¥, p¥ > 150 GeV, Njgps = 2
0 £, py > 150 GeV, Nigys = 3
VBF, p7?7 > 25 GeV (2 categories) | 2-jet VBF, p/y > 200 GeV/ 2-jet VBF VBF pp > 140 GeV VBF, two central jets
vBF | VBF, pjfw'j<25 GeV (2 categories) 2-jet VBF, p%ﬂ1<200 GeV (Thad Thada only) VBF, four central jets
VBF high-m; VBF 4+~
VBF low-mjj
2-jet, pl’ > 200 GeV 1-jet, p1 > 120 GeV 1-jet, myy < 30 GeV, p:2 < 20 GeV | Boosted, pp > 140 GeV
2-jet, 120 GeV < p1.'{200 GeV 1-jet, 60 GeV< p1i120 GeV | l-jet, my, < 30 GeV, pr2 > 20 GeV | Boosted, p < 140 GeV
2-jet, 60 GeV < pi.'i120 GeV L-jet, pi < 60 GeV 1-jet, myp > 30 GeV, p}; < 20 GeV
ool | Zet, pr’ < 60 GeV O-jet, pr < 100 GeV 1-jet, myp > 30 GeV, p2 > 20 GeV
1-jet, p7' > 200 GeV 0-jet, my, < 30 GeV, p2 < 20 GeV
1-jet, 120 GeV < pJ'i200 GeV 0-jet, myp < 30 GeV, pf > 20 GeV
1-jet, 60 GeV < p1'i120 GeV 0-jet, myy > 30 GeV, p2 < 20 GeV
1-jet, pr.' < 60 GeV 0-jet, myp > 30 GeV, p? > 20 GeV
0-jet (2 categories)
ATLAS-CONF-2019-005
Chen Zhou (Wisconsin) EPS-HEP 12.07.19 20



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

Uncertainty source Ap/p [%]

Statistical uncertainty 4.4

Systematic uncertainties 6.2

Theory uncertainties 4.8

Signal 4.2

Background 2.6
Experimental uncertainties (excl. MC stat.) 4.1 ATLAS-CONF-2019-005

Luminosity 2.0

Background modeling 1.6

Jets, Fmiss 1.4

Flavour tagging 1.1

Electrons, photons 2.2

Muons 0.2

T-lepton 0.4

Other 1.6

MC statistical uncertainty 1.7

Total uncertainty 7.6



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

Production mode cross sections (assuming the SM decays)

i (s=13TeV, 24.5-79.8 fb”
ATLAS Preliminary '~ 155 69'Gev, Iy | <25
b H "

1 S'_j
X

0.8 =

0.6

—0.4

=02 ATLAS-CONF-2019-005
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WH
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ttH-+tH g 08
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

Production mode cross sections (assuming the SM decays)

Uncertainty source % (%] % %] AG(;V—W; %] AJJZ—Z;’ %] % %]
Statistical uncertainties 6.4 15 21 23 14
Systematic uncertainties 6.2 12 22 17 15
Theory uncertainties 3.4 9.2 14 14 12
Signal 2.0 8.7 5.8 6.7 6.3
Background 2.7 3.0 13 12 10
Experimental uncertainties (excl. MC stat.) 5.0 6.5 9.9 9.6 9.2
Luminosity 2.1 1.8 1.8 1.8 3.1
Background modeling 2.5 2.2 4.7 2.9 5.7

Jets, B 0.9 5.4 3.0 3.3 4.0
Flavour tagging 0.9 1.3 7.9 8.0 1.8
Electrons, photons 2.5 1.7 1.8 1.5 3.8

Muons 0.4 0.3 0.1 0.2 0.5
T-lepton 0.2 1.3 0.3 0.1 2.4

Other 2.5 1.2 0.3 1.1 0.8

MC statistical uncertainties 1.6 4.8 8.8 7.9 4.4
Total uncertainties 8.9 19 30 29 21

ATLAS-CONF-2019-005
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Decay branch ratios (assuming the SM production rates)

ATLAS Preliminary —e—Total Stat. [ Syst. SM
Vs=13TeV, 24.5-79.8 fb’
m, =125.09 GeV, ly | <25

Py = 74% Total Stat. Syst.

B H—= - 1.06 =012( =008, 'gon)

B, — ® — 1.20 fgjli( £0.12, i818§) ATLAS'CONF'2019'OO5

| I +0.17 +0.14

BWW I : < : 1 1 -05 —0.16 ( + 0.09 y ~0.13 )
1 ] +0.28 +0.22

B-”: 1 : . : 1 1.10 —0.26 ( 1018 5 ~0.19 )
| [ ] ] +0.24 +0.19

Bbb 1 L . ] 1 1.17 ~-0.23 ( i015 ) ~-0.18 )

] | ] ] ] | ] ] | ] ]
0.8 1 1.2 1.4 1.6 1.8

BR normalized to SM value
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Production mode cross sections in each decay channel

T T T T L N O R B B
ATLAS Prellmlna_r1y ——iTotal Stat. == Syst. "I SM
Vs=13TeV, 24.5-79.8 fb
my,; =125.09 GeV, ly | <2.5
Py = 71% Total Stat. Syst.
agF vy = 0.96 =014( =011, 1099)
ggF Z2Z HI:H 1.04 318 .o14, =006)
ggF WW |L£| 1.08 <019 ( =011, =0.15)
goF T v 096 (8%, t0h)
ggF comb ] 1.04 =009 ( =007, *007)
VBF vy = 139 ‘035 ( o3, lo%)
VBF ZZ —e=— 268 0% ( oal. 10%)
VBF WW HEs=H 059 3% ( 3%, .o21)
VBF T Heme— 116 To5( oios loss)
| VBFbb | Y= — ' 301 Tiei( Tisr Tose)
VBF comb. e 1.21 1023 018 4018y
VH vy - 109 ‘02 ( 0k, lo%)
VH ZZ —es ! 0.68 3% ( o, 1oi%)
| VHbb B 119 Teas( lowr Toks)
VH comb. (== 115 320( =016, 310)
Vi co , ATLAS-CONF-2019-005

Yy - “oss ( oz —o1a)
ttH+tH VV He=—r 150 1057 ( Zoa. loas)
ttH+tH Tt -E—— 1.38 a3 o8 1075y

| HMHHtH Db === 079 lgs( =0z, -os2)

ftH+tH comb. 121 1328 ( o017, 1309)

A T N T N T TN AN NN N HN N M B

—2 0 2 4 6 8
Parameter normalized to SM value
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T I
ATLAS Preliminary e Total
{s=13TeV, 24.5-79.8 fb”
my, =125.09 GeV, ly | <25
Pey, = 93%

o5 —e—| 1.13
Oypr/ Oggr == 1.24
Oyr! Oggr : I ! | 1.24
O 714/ Oyqr : I. : 1.01
Ottt/ Oggr = 1.20

B,,/B, 0.87
Byyw/Bz; 0.84
B../B, He=—= 0.86
B,,/B., He==s ! 0.93

IR B NI R

Total

=0.13 (

+0.32
-0.27 (

+0.59
-0.45 (

+0.47
-0.34 (

+0.31
-0.27 (

+0.14
-0.12 (

+0.18
-0.15 (

+0.26
-0.22 (

+0.38
-0.27 (

| | | | | |
Stat. m= Syst. | SM
Stat. Syst.
+0.12
_011 y + 006 )
+0.24 +0.21
-0.22 -0.15 )
+0.44 +0.39
-0.35" -0.29 )
+0.37 +0.30
-0.29 » -0.19 )
+0.24 +0.20
-0.21 > —0.17)
+0.12 +0.07
-0.11 > -0.06 )
+0.13 +0.12
-0.11 > -0.11 )
+0.19 +0.18
-0.17 » -0.14 )
+0.27 +0.26
-0.21 > -0.18 )
| | | | |

15 2

25 3

Parameter normalized to SM value
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Vs=13TeV, 36.1 - 79.8 fb’’
my=125.09 GeV, ly | <2.5
1 ~

-0.39 0.16 0.13 0.06 -0.10 0.03 0.03 -0.01 0.02 0.01 0.00 0.02 0.00 0.04 >

ATLAS Preliminary

gg—H, O-jet

gg—>H,1-J'etP:'<60 GeV -0.20 -0.11 -0.03 0.09 -0.06 -0.02 0.04 -0.03 -0.01 0.00 -0.01 0.01 0.02 08 \>_</
Q

99—’H11'iet’605P';<120G9V 0.16 -0.20 0.08 0.08 -0.24 -0.11 0.05 0.07 0.00 0.01 -0.01 0.01 0.00 0.01

—0.6

99—)H,1-Jet,1205P¢<200G9V 0.13 -0.11 0.08 -0.08 -0.20 -0.10 0.05 0.07 0.00 0.01 -0.02 0.01 0.00 0.03

99—H, = 1-jet, P';EQOO GeV10.06 -0.03 0.03 -0.08 -0.12 0.19 -0.17 -0.62 0.00 0.00 0.00 0.00 0.00 0.00 —0.4

99—H, = 2-jet, P;'<200 GeVl-0.10 0.09 -0.24 -0.20 -0.12 -0.37 -0.42 0.02 -0.02 0.00 0.01 -0.01 0.01 0.03

—0.2

qq—>Haqq, VBF topo + Rest | 0.03 -0.06 -0.11 -0.10 0.19 -0.37 0.14 -0.36 0.01 0.00 0.02 0.00 0.00 0.03

qq—Haq, VH topo|0.03 -0.02 0.05 0.05 -0.17 -0.42 0.14 0.08 0.00 0.00 0.00 0.00 0.00 0.00 —O

qquqq,PjT2200GeV -0.01 0.04 0.07 0.07 -0.62 0.02 -0.36 0.08 0.00 0.00 -0.01 0.00 0.00 -0.03

—-0.2

qq—>Hlv,P¥<250 GeV|10.02 -0.03 0.00 0.00 0.00 -0.02 0.01 0.00 0.00 -0.35 -0.04 -0.07 0.10 -0.03

qq—>Hlv,P¥225OGeV 0.01 -0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 -0.35 0.00 0.07 -0.13 0.01 ——04

gg/qq—>Hl/,p:<150 GeV(0.00 0.00 -0.01-0.02 0.00 0.01 0.02 0.00 -0.01-0.04 0.00 0.00 -0.01 0.01

—-0.6

gg/qq—>H//J50$P¥<250 Gev|0.02 -0.01 0.01 0.01 0.00 -0.01 0.00 0.00 0.00 -0.07 0.07 0.00

Qg/qq—”"”’P:z%OGeV 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.10 -0.13 -0.01 -0.56

ttH+tH[(0.04 0.02 0.01 0.03 0.00 0.03 0.03 0.00 -0.03 -0.03 0.01 0.01 0.00 0.00

gg—H, O-jet

T

gg—H, 1-jet, p"’ <60 GeV

T

T

T

T
qq—Hqq, VH topo
q9q—Hqgq, p’T = 200 GeV
qq—Hlv p¥ <250 GeV
qq—Hlv, p: = 250 GeV

T

T

T

gg—H, 1-jet, 60 = p" < 120 GeV
gg—H, 1-jet, 120 < p" <200 GeV
gg—H, = 1-jet, p"' = 200 GeV
gg—H, = 2-jet, p"' <200 GeV
qq—Haqq, VBF topo + Rest
99/qq—Hil, p¥ <150 GeV
9/qgq—Hil, 150 = p¥ < 250 GeV
99/qq—Hil, p¥ = 250 GeV

)
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qq—Hqq, VBF topo + Rest x B,

qq—Hqq, p’T = 200 GeV x B,

qq—Hlv, p¥ <250 GeV x B,
qq—Hlv, p¥ = 250 GeV x B,

qq—Hqq, VH topo x B, —=— -0.12

g9/qq—Hll, p¥ = 250 GeV x B,

ATLAS Preliminary Total Stat. Syst.

§ B /B 0.86 1014 (*0.12 +0.07)

{s=13TeV, 36.1 -79.8 b "z o0 012 (011 008

m, =125.00 GeV, ly | <25 | Pz 063 28 (018" —0.20)

H B. /B +0.18 ,+0.13 +0.12

p. =89% ww/Bzz 086 516 (0110 -0.11)

SM B. /B s 0.g7 1029 (+o.22 +o.19)

F—e—Total Stat. Rz I 0.24 {0190 -0.14

== Syst. 1" SM T
Total Stat. Syst.
— K +0.18 ,+0.16 +0.09
99—H, O-jet x B, o 129 547 (L0145 —0.08)
— i H +0.43 ,+0.37 +0.23
99—>H, 14et, pr <60 GeV x Bz, 057 41 (Lo35 _0.22)
oM i - pH +0.38 ,+0.33 +0.18
gg9—H, 1-jet, 60 < p< 120 GeV x B, |.5||.| 087 "0 ((o31 045
gg—H, 1-jet, 120 < p <200 GeV x B, |y 130 i8§; (+8-g;, tg-gg)
— i H +0.84 ,+0.73 +0.43
g9—H, = 1-jet, p = 200 GeV x B, [ 205 ‘075 ((oea —0.32)
M - oliet pH +0.56 ,+0.46 +0.32
gg9—H, = 2-jet, pl< 200 GeV x B, e+ 111 7027 (Coae 026

113 (141 _024)
+1.51 ,+1.34 +0.69
-0.95 _1.48 (_1_29’ -0.72)

+1.24  +1.02  +0.71
—o— 228 101 (_oss _058)

+2.32 ,+1.44 +1.81
119 (21,00 —-0.66

s % +1.26 ,+1.01 +0.76
99/aq—Hil, p <150 GeV x B, I_Eﬁ_l 0.85 {57 (_pog 102
R - pV +1.29 ,+1.02 +0.79
99/qq—Hll, 150 < p; <250 GeV x B,, }== 0.86 113 (_090' 070

3.03 ,+1.87 +2.38
—=—m2. *
292 450 (133 _071)

1039 4030 +0.24
Lah Rl el 144 533 (L0270 —0.19)
| | | | | | | | | | | | | | | | | | | | | | | | | | | |
-10 -5 0 5 10 15
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Parametrizations using coupling modifier (“kappa”)

Effecti
Production Loops Interference eeMve Resolved modifier
modifier
o(ggF) v t—2> %3 1.04 k7 + 0.002 ki — 0.04 K, 1y,
o(VBF) - - - 0.73 K3y + 0.2T K%
olqq/qg — ZH) - - - K
o(gg — ZH) v t—2Z Kiggzry 246Ky +0.46 k7 — 1.90 4k,
o(WH) - - - Koy
o (t£H) ; ; ; K2
oc(tHW) - t—W - 2.91 k7 4 2.31 ki — 4.22 Kykyy
o(tHq) - t—W - 2.63 K7 + 3.58 ki — 5.21 Kykyy
o (bbH) - - - Ky
Partial decay width
bb _ _ _ mg
W _ ) ) l€12/V
99 v t—b Ko 1.11 k7 + 0.01 k7 — 0.12 K, Ky,
FTT _ _ _ l"&72.
2% ) ) ) sz
ree - - - Ke (= ki)
7 v t—W K2 1.59 K3y + 0.07 k7 — 0.67 kyy iy
el v t—W Kz L12kj — 012Kk,
Ss 2 2

r : : - hs (=) ATLAS-CONF-2019-005
e - - - K

n

0.58 k7 + 0.22 Ky
+0.08 &7 + 0.06 K7
r, v ] K +0.03 k7 + 0.03 K7
+0.0023 12 + 0.0015 K2
+0.0004 k7 + 0.00022 .
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ATLAS Preliminary
Vs=13TeV, 24.5-79.8 fb"

Coupling modifier interpretation: no assumption on total width

680/0 CL ———

Definition in terms

Chen Zhou (Wisconsin)

12.07.19

My, =125.09 GeV, ly | <2.5 Parameter of ~ modifiers Result
Koz Kykz/Kp 1.06 + 0.07
— Mg 110793
' Azg Kz /Ky 1124915
—— Aw z kw /Ky 0.95 + 0.08
— Az oy 0.94 £ 0.07
— Ay e 0.95 + 0.13
Py mE Aoz /K2 0.93+013
1 1.1
ATLAS-CONF-2019-005
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Constraints on Two Higgs Doublet Model (2HDM)

Coupling scale factor

Type I Type 11 Lepton-specific Flipped

Ky

sin(8 — @)

Ky

cos(a)/ sin(B)

Kd

cos(a@)/sin(B) —sin(@)/cos(B) cos(@)/sin(B) —sin(a)/cos(B)

K¢

cos(a)/sin(8) —sin(a)/cos(B) —sin(a)/cos(B) cos(a)/ sin(f)

ATLAS-CONF-2019-005
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Constraints on Two Higgs Doublet Model (2HDM)

= ATLAS Preliminary [ Obs. 95% CL
S Vs =13 TeV, 24.5 - 79.8 fo x  Best Fit Obs.
m,=12509GeV,ly, |<25 - Exp. 95% CL
2HDM Type-| — — SM
10 | .
B N i
[ | ]
|
- | -
|
1= | =
- N ]
- | f ]
i | f i
i | i
|
- | |
1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1
03 205 0 0.5 1
Type_l cos(f-a)
= ATLAS Preliminary [ Obs. 95% CL
S Vs =13 TeV, 24.5-79.8 fb" x  Best Fit Obs.
m,=12509GeV,ly, |<25 - Exp. 95% CL
2HDM Lepton-specific
10 .
1= E
1 —1 1 1 1 1 | 1 1 1
03 205 1

Lepton- specmc costpra

tang

tang

ATLAS Preliminary [__] Obs. 95% CL

Vs=13TeV, 24.5-79.8 fb™ x  Best Fit Obs.

m,=12509GeV,ly I<25 - Exp. 95% CL

2HDM Type-II — — SM
10k =
- | .
B k \ ]
- | S T
i i ]
I i b ]
&
1 | B
- | ]
- | ]
i | i
i | i
I
—1 | | 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1

1075 205 0 0.5 1
cos(p-a)

Type-li

ATLAS Preliminary ] Obs. 95% CL
Vs=13TeV, 24.5-79.8 fb™ x  Best Fit Obs.
m,=12509GeV,ly I<25 - Exp. 95% CL
2HDM Flipped —— SM
10} \ .
- | H _
|
s | E
C | ’
i | ]
i | i
i | i
I
—1 | | 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1
1075 205 0 0.5 1

cos(p-a)
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Constraints on Simplified Minimal Supersymmetric Standard Model (hMSSM)

ATLAS Preliminary [ ] Obs. 95% CL
Vs=13TeV,245-79.8f" -oaen Exp. 95% CL
m, =125.09 GeV, IyHI <25

hMSSM

tang

10

[ | ATLAS-CONE-2019-005

| | | | | | | | | | | ‘I‘\ | | | | ] ] ]
2100 300 400 500 600
m, [GeV]
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Probe Higgs boson self-coupling: theory framework

* Higgs boson self-coupling is an
important feature of the SM

V(H) = lmsz + vH? + lz H* + O(H?)
- 2 H 3 4 4

» Traditionally studied by
searching for double Higgs
production

 However rates and kinematics
of single Higgs boson
production and decays can be

altered by self-coupling through

EW corrections

Chen Zhou (Wisconsin)  EPS-HEP
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zLL 1.5_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII_ > 1.5_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII_
- ATLAS Preliminary : - ATLAS Preliminary -
1.4 (s=13TeV, 36.1-79.81b" ] 1.4 {s=13TeV, 36.1-79.81b" ]
1.33_ my = 125.09 GeV, k, = 1 _ 1.33_ my = 125.09 GeV, k. = 1 _
120 T = 1.2 =
1.1F - 1.1F A
15 L IS E
0.9F * s - 0.9F * s -
- 4 Best Fit . e’ ] - 4 BestFit ]
0.8 —68%CcL  Tteeaae-c - 0.8~ — 68% CL -
- ---95%CL . - ---95%CL .
07_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ 07_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
-20 -15 -10 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20
Assume Ky = 1 Ko Assume Kr = 1 Ko
POIs Granularity | rp' 12 Ky 10 Ky 12 x [95% C.L.]
S TXS ) ) 40757 | [-3.2,11.9]
R
1.0753% | [-6.2,14.4]
, , 46795 | [-2.9,12.5]
K inclusive 1 1 05
1.0753 | [-6.1,15.0]
+0.05 +7.4
e my | STXS . 1.04%00; | 48767 | [-6.7,18.4] ATL-PHYS-PUB-2019-009
1.007007 | 1.0787 | [-9.4,18.9]
0.08 4.3
STXS 0.9970 08 ) 41757 | [-3.2,11.9]
Fx: KF +0.08 +8.8
1.0079:08 1.0753% | [-6.3,14.4]
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Process | Accuracy Fraction [ 9]
ggF | N°LO in QCD, NLO in EW 87.2
VBF | (approximate) NNLO in QCD, NLO in EW 6.8
VH | gqq/qg: NNLO in QCD, NLO in EW; gg: NLO+NLL in QCD 4.0
ttH +tH | ttH: NLO in QCD, NLO in EW, tH: NLO in QCD 1.1
bbH | NNLO (NLO) in QCD for 5FS (4FS) 0.9
ATLAS-CONF-2019-032
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