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Infroduction

Run 2 : focus on increasingly precise measurements of Higgs couplings:

/EAu\;l-II;r/\A\s,SJRCL(Izr;]!) 76:6 w = 1.18 +0.15

B | T -0.14
ATLAS Run 2 (2018 results) _ 113 +0.09
ATLAS-CONF-2018-031 == —0.08

® Better constraints on BSM models (predict <10% level couplings deviations)

® Stronger constraints from now-established subdominant modes:

ftH, VH and H=bb now above 5 for both ATLAS and CMS
= Combination all the more important fo obtain best constraints

© Systematics play increasingly important role
= Focus on measurement frameworks giving low theory systematics, in
particular differential measurements.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031

Infroduction

Run 2 : focus on increasingly precise measurements of Higgs couplings:

ATLAS Run 1 +0.08
Eur, Phys. J. C (2016) 76:6 u = 1.18 *+0.10 (stat) +0.07 (exp) —0.07 (theo)
ATLAS Run 2 (2018 results) u = 1.13 +0.05 (stat) =0.05 (exp) +0.06 (theo)
ATLAS-CONF-2018-031 —0.05

® Better constraints on BSM models (predict <10% level couplings deviations)

® Stronger constraints from now-established subdominant modes:

ftH, VH and H=bb now above 5 for both ATLAS and CMS
= Combination all the more important fo obtain best constraints

© Systematics play increasingly important role
= Focus on measurement frameworks giving low theory systematics, in
particular differential measurements.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031

I n pull. Anquses Included results is not the most recent.

New since last combination.

Analyses mostly using the 2015-2017 (~80 flo'") or 2015-2016 (~36 fbo') datasets.

L (fo") ogF VBF VH ttH

H-yy 80
ATLAS-CONF-2018-028
Ho 7Z* -4l 80
ATLAS-CONF-2018-018 :
: iJ ttH— leptons
H->WW*—= evuv 36 Not yet : t | PRD 97 (2018) 072003
PLB 789 (2019) 508 included : '
Hott 36
PRD 99 (2019) 072001 ceeeenaes, Femmne :
E : i <« TTH-bb

Hobb 80 ; : ; + | PRD 97 (2018) 072016
JHEP 05 (2019) 141
H-uu Notincluded g VBF H-bD

. PRD 98 (2018) 052003
ATLAS-CONF-2018-02¢  In all results
H—invisible Notincluded 24_30
PRL 122 (2019) 231801 In all results
Off-shell H*—zz MNetincluded 34 Provides constrainton T,

PLB 786 (2018) 223 in all results



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-07
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-50
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-026
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-54
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-06
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-02
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-30

I n pull. Anquses Included results is not the most recent.

New since last combination.

Analyses mostly using the 2015-2017 (~80 flo'") or 2015-2016 (~36 fbo') datasets.

L(fo™)  ggF VBF VH  tH  [(sTxS ) : Higgs
signal described

H-Yyy STXS 80 in bins of initial-
ATLAS-CONF-2018-028

o . | state kinematics,

H— ZZ* -4l 80 details later

ATLAS-CONF-2018-018

ftH— leptons

H->WW*—= evuv STXS 36 Not yet ! t | PRD 97 (2018) 072003
PLB 789 (2019) 508 included : :
Hotr STXS ) 36
PRD 99 (2019) 072001 I, AT :
; 5 - < TTH-bb

H-bb STXS 80 : 5 5 ;| PRD 97 (2018) 072016
JHEP 05 (2019) 141
Houu Notincluded g VBF H—bb

: PRD 98 (2018) 052003
ATLAS-CONF-2018-02¢  In all results
H—invisible Notincluded 24.30
PRL 122 (2019) 231801 1N all results
Off-shell H*—zz MNetincluded 34 Provides constrainton T,

PLB 786 (2018) 223 in all results 5
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Input Analyses

Included results is not the most recent.
New since last combination.

Analyses mostly using the 2015-2017 (~80 flo'") or 2015-2016 (~36 fbo') datasets.

PRD 99 (2019) 072001

Talk by P. A Deviveros
yesterday

ftH—-bb
PRD 97 (2018) 072016

L (fb") ggF VBF VH TtH STXS J: Higgs
signal described
H-Yyy STXS 80 in bins of initial-
ATLAS-CONF-2018-028 . .
3 REPTTILETS . | state kinematics,
Ho 725 54 STXs ) 80 i . | defails later
ATLAS-CONF-2018-018 Talk by P. Lenzi
yesterday 4_ ttH— leptons
H-WW*— evuv STXS 36 Not vet | t | PRD 97,(2018) 072003
PLB 789 (2019) 508 Talk by G. di E A
Gregorio i | Talk by P. Onyisi
H- 1t SIXS ] 36 yesterday : yesterday

VBF H—Dbb
PRD 98 (2018) 052003

H-bb 80 &~ —

JHEPOS 2019) 141 T

H-uu Notincluded gn <] Talk by J. Kretschmar [~
ATLAS-CONF-2018-026  In all results yesrterday
H=invisible Not included 4-30 - Talk by C. Sander
PRL 122 (2019) 231801 ™ all results fomorrow
Off-shell H*—zz Notineluded 54 Provides constrainton T,

in all results
PLB 786 (2018) 223
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Signal-strength and cross-
section measurements

1909.02845


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-57

Measurements of 4 & production cross-sections

1909.02845
Parameterize all Higgs signal rates using a single signal strength y:

p= 1117000 = 1.11 + 0.05 (stat.) 7005 (exp.) Fo-0> (sig. th.) + 0.03 (bkg. th.)

Systematics ~ 1.5 x Stat uncertainty, Theory systs. = Experimental systs.
Reduce theory dependence: measure cross-sections :

i 1 . i z* i
O, for main modes, BRs fixed to SM: Normalize o o* ., measure ratios
T T T T ‘ T LI | T LI ‘ T T 1 ‘ T LI ‘ T T T
II\\IlI\IlIIIlIIIlI\\lll\llllll\\‘II\‘III
ATLAS e Total Stat. == Syst. || SM
ATLAS —e— Total Stat. [ Syst. SM {s=13TeV, 245-79.8 "
Vs=13TeV, 24.5-79.8 fb" my, =125.09 GeV, |y, | <2.5
My = 17 265;.09 GeV,ly, |<25 Py, = 93% Total Stat. Syst.
Py, =107 Total Stat. Syst. ngfé | = 113 +013 (212 +0.06)
I +0.: +0.. + 0.
ggF = 1.04 +009(+0.07, ©00) Suer/ Ogg == 124705 (T Tots)
o /G : : ) +0.59 , +0.44 +0.39
: 1o 102 (1ot ot o C— O B
————— 21 Toon (Dgara o L0dT | +037  +o.
022 {-0.17+ -0.13 O/ Ogqr |—|I£|—| 101 e (Coao s o9 )
WH —H . 1 130 TOao (ToRE 0% Stp1s 11! CagF = 120 95 (Loz « lotr)
o oo By Bzz- = 087 ‘012 (1037« loos)
1 | —— ] +0. +0. +0. +0. +0.
ZH I | E———) 1 1.05 ~0.29 (i0.24, 70.17) BWW'/BZZ’ H== 0.84 _8:2 ( g:? S _3}3 )
ftH+tH e — 121 0% (g7, 102 Bl Bzz: —— 086 ‘0% (15175 ‘014 )
. h By Bzz === 093 1037 (X621 ots)
1 I | | | | 1 1 1 | 11 1 | | I — | 11 | | 11 1 I | I — ‘ 11 | ‘ 11 1 1 | 1 | ‘ 1 1 1 | | | 1 L | ‘ | 1 L | ‘ | 1 1 1 ‘ | | L L
06 08 1 12 14 16 18 2 22 24 26 0 0.5 1 1.5 2 2.5 3
Cross section normalized to SM value Parameter normalized to SM value

Stat ~ Syst, All results in good agreement with the SM
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Simplified Template Cross-sections (STXS)

Bin Higgs productionin |y, | < 2.5 ® Provides differential information
by initial state, associated jets/W/Z @ Better control over theory uncertainties
+ kinematics. ® Can be measured in all decay modes

= Suitable for global combinations

Default modeling for main input analyses
Here use Stage 1 (YR4, Ch. III.2) © Not fully fiducial = Residual extrapolations

© No Higgs decay information

-
- S

_ , —— VBF cut *



https://arxiv.org/abs/1610.07922

Simplified Template Cross-sections

Bin Higgs productionin |y, | < 2.5 ® Provides differential information
by initial state, associated jets/W/Z @ Better control over theory uncertainties
+ kinematics. ® Can be measured in all decay modes

= Suitable for global combinations

Default modeling for main input analyses
Here based on Stage 1 (YR4, Ch. IIl.2) © Not fully fiducial = Residual extrapolations
© No Higgs decay information

13 7
_ (EW qqH incl. V H — qqH) VEH | (5 teptonic v) Stage 1+
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Py 0,200 | IR |
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https://arxiv.org/abs/1610.07922

Simplified Template Cross-sections |seatevsrus2oisos

and the talk by T. Calvet yesterday

Bin Higgs productionin |y, | < 2.5 ® Provides differential information /T
by initial state, associated jets/W/Z ® Better control over theory uncertainties
+ kinematics. ® Can be measured in all decay modes

= Suitable for global combinations

Default modeling for main input analyses
Here based on Stage 1 (YR4, Ch. IIl.2) © Not fully fiducial = Residual extrapolations
© No Higgs decay information

13 7
_ (EW qqH incl. V H — qqH) VEH | (5 teptonic v) Stage 1+

I =T |
p;} [0,200] | e _}l = |
= Ells < I l
l' “‘ ¢ | W — v | (+) |Z—>£B—|—w} |
i pies |
A "mmpm="
(+) . “VH-like” Y [75,150] T
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s et g T (+)
m; ~m,,
“VBF-like”
kinematics N o
> 1-jet



https://arxiv.org/abs/1610.07922
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-035

STXS Merging scheme

Not (yet) sensitive to all Stage-1 bins = merge
© Increases model dependence = Only for bins with very low
sensitfivity (rel. unc. > 100%) or large (anti-)correlations

(H + leptonic V')

\ 4 1 ”)
> 2jetVBFcuts| | >2jetVHeuts (£ Rest = |! 0000 temmsmmmmaaa! @ TTTEEEEEEsssssssssssssEss
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STXS Measurements

ge—H

4>| gg—H, O-jet

—>| gg—H, 1et, p ' < 60 GeV

.;I gg—H, 1-jet, 60 < p 7 < 120 GeV |

_>| gg—H, 1-jet, 120 <p ¥ < 200 GeV|

4>| gg—H, >2jet, p < 200 GeV

4>| gg—H, > Ljet, p " >200 GeV

ttH + tH

1909.02845

—»I qq — Hqq, p;j =200 GeV

—>| qq — Hqq, VH topo

—>| qq — Hqq, VBF topo + Rest

V(lep)H

4>| qq— Hlv, p, < 250 GeV

_,| qq— Hlv, p," > 250 GeV

—>| gg/99— Hli, p,/ < 150 GeV

-;I gg/qg— Hil, 150 <p.’ < 250 GeV |

—»I ge/qq— HIL p," > 250 GeV

* Differential measurements in

gg—H and pp—-VH

— Bins at high p,"™" sensitive to BSM

* Stat unc. > Syst almost everywhere

* Excellent agreement with SM

ATLAS "Total  Stat. Syst
_ B /B +0.14 4012 +0.07
(5=13TeV,36.1-79.81" | "z 086 912 (011 -0.06
B /B 063 1035 (022 4027,
my =125.09 GeV, |y | < 2.5 oF - 22 . 028 \ -0.18 -0.22
H B8 B 0gg 018 (4013 4012
P, = 89% ww/ zz- 86 p16 (011 -0.11)
4029 4022 +0.19
—s—Total Stat. B:/Bzz H=H 087 524 (019 -0.14)
== Syst. || SM 05 0 05 1 15 2 25 3 45 4
Total Stat. Syst.
. +0.18 ,+0.16 +0.09
0-jet ™ 128 547 (015 008
e +0.43 ,+0.37 +0.23
1-jet, p < 60 GeV 057 541 (o35 _poo)
. pH +0.38 , +0.33 +0.18
g+ H xB 1-jet, 60 =p < 120 GeV |.-i.| 0.87 gas ( 031+ -018)
o . <pH +0.81 ,+0.71 +0.39
1-jet, 120 =p; < 200 GeV|_F3_| 1.30 570 (065 -030
o piar H +0.56  +0.46 +0.32
=2-jet, p < 200 GeV = 111 T5ei (o4a 028
ot M - +0.84 ,+0.73 +0.43
=1-jet, p;- =200 GeV = 2.05 o972 (064 -032
+0.45  +0.36 +0.27
VBF topo + Rest [F=) 1.57 45ag ( o320 _021)
+135  +1.31 +0.32
qq » Hgq % B, |VH topo = 012 453 (411 _goa)
/ +1.51  +1.34 +0.69
P =200 GeV == 095 448 (409 _g72)
v 124  +1.02 +0.71
ag>Hlv X B Py <250 GeV == 2.28 491 (085 -058
z |y +232 .44  +1.81
P; =250 GeV = 191 4g ( 1000 -0.686
v +1.26  +1.01 +0.76
p7 <150 GeV HEll—l 0.85 457 (098 -1.22)
<p¥ #1.29  +1.02  +0.79
99/qq > Hil X B,|150 =p¥ < 250 GeV  He=m= 086 443 ( gepr 070
V- #3.03 ,+1.87 +2.38
= =—2. :
p; =250 GeV 292 450 (433 071
+0.39 , +0.30 +0.24
| 1 | | 1 1 | | | | 1 | | | 1 | | | | 1 1 1 | | 1 | |
—0 -5 0 5 10 15

Parameter normalized to SM value

Measurements also provided with finer
binning for reinterpretations
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STXS Measurements

ge—H

qq — Hqq

ATLAS

{s =13 TeV, 36.1 -79.8 fb”
my =125.09 GeV, |y, | < 2.5
P, = 89%

ttH + tH

ATLAS

Vs =13 TeV, 36.1
m;, =125.09 GeV, |y, |<25

-79.8 fb"

et 027 0.18 0.18 000 0221082 0.03 0.011045 0.12/0.03 008 0120331052 0.17 050025 S?
et p¥ < 60 GeV 0.17 -0.08 0.07 -0.01; 4302 -0.01 004000 0.1 éo_m 0.00 0.02 50_04 -0.06 -0.02 -0.05 -0.01 08 ><"
T g teneos =p" < 120 GeV |0.18 0.09 -0.22 0.05 543.04 0.05 9.075002 o.oagao.m 0.02 0.02 Eo_oa 5-0.10-0.03-0.13 001 =
2% tdet 120 < <p!! < 200 GeV |0.18 -0.17 0.01:-0.01 005 008 0.03 0.04:-0.01 0.02 0.04:0.11:-0.13-0.05 -0.11-0.18 0.6
=2:et, p¥ < 200GeV|0.00 0.07 022 0.17 [JRIN 0.03:-0.26 -0.42 0.01:0.04 0.03:0.02 0.01 0.04 :0.08:-0.21-0.05 0.03 -0.07 |
=1-jet, p¥ 2200 GeV|0.22 -0.01 0.05 031 -0.15-0.55:0.08 0.06:0.08 0.04 0.07 :0.20-0.85-0.09-0.15 -0.41||  _| 0.4
g: o VBF topo + Rest 032 -0.02 -0.04 -0.01-0.25 0.31 013 0.30/0.12 0.100.05 0.05 01010291042 0.14 0.45 026
T :QN VH topo|0.03 -0.01 0.05 0.05 -0.42 -0.15:0.13 ' £0.01:0.03 0.00 005 001 1) D
& P, 2200GeV|-0.01 0.04 007 0.08 -0.01 4.5554.30 0.09 003
E . P! <250 GeV|015 000 0.02 0.03 004 0.08 012 0.00 -002 —0
%E’? p:2250GeV 0.12 0.01 0.03 0.04 0.03 u.oa%
E .............. p§<1SOGeVooaum4Jm4Jm b DR e pewich e | g0
%@ 180 =p’ < 250 GeV 0,08 0.00 0.02 0.02 0.01 u_o4f
3 p/ =250GeV(0.12 0.02 0.02 0.04 0.04 —04
C {fH+tH)xB,,|033 0.04 0.06 0.11 0.08 0.20 {0.29 0.01 0.03:0.17 0.22:-0.01 0.09 023 JRIN-0.45 031039033
___________________________ S e e 10 6
8,58z
B /B 10 —-0.8
B./B,,.[0.25 001 001018 007 0.41:-026 0.01 0.06:0.10 -0.10: 0.02 0.05 0.10; 0.33:0.9 0.14 0.25

o % = = = % K- g % = %
bl La .
s 8 8 8 8 6 & = 6:86 &
[=1 (=1 (=] (=] (=1 . + I o O (=1
@ ol [=1 [=1 (=1 = o N e}
v - (] o o g_ oo o
Sy v o~ Aig Mo M
T T T T AR Y =
SRR R Ry =% W
BV W S = :
- 2 o 2 2 :
@« ] oy —
5 N Al Al
s 3 : :
- 0 : :
- : :
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*xB5, *xB gz o %XBgz.

GeV

T

pY < 150
’

8
[=]
re]
ol
w
=

o
W
[=]
'3]

ag/qq » HIl
e

p¥ =250 GeV

T

R
:‘u‘\%‘}
m

mm

(tTH + tH) % B ,,.

' ' ' ' 'Total Stat. 'Syst
014 4012 40.07
o o S 2 8%
B _/B... ‘ . ’
o L BT
. +), .
BB z- 086 416 (011 -0.11)
4029 ,+022 40.19
B../B F==d 087 54 (019 -0.14)
—QI.5 {I] U.IS ‘II |_I5 ZI 2.I5 é 3.I5 -ﬂl-
Total Stat. Syst.
1018 4016 +0.09
o 129 547 (015 008
1043 4037 +0.23
v 0.57 541 (035 020
wowvd o S48 45
amcedan 150 S8 (5 43
(GeV ) 111 7050 (0de To2e
084  +0.73 +0.43
GeV = 205 572 (pea -032)
1045 4036 +0.27
e 1.57 538 (032 -021)
e o 3 E R
+1.51 ,+1.34  +0.69
== 095 448 (409 _g72)
o 3N 0
4232  +1.44  +1.81
(n=——a 191 359 (400 -0868
— o 218 6
W ovmmos B 4%
4303  +187 +2.38
= 2.
2.92 150 (433 071
1039 4030 +0.24
e 144 a3 (927 —0.19)
1 l | l 1 l l | l 1 1 1 | l 1 l l
0 5 10 15

* Excellent agreement with SM

Parameter normalized to SM value

Measurements also provided with finer
inning for reinterpretations
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STXS Sensitivity per decay channel 190902845

ATLAS
(s =13 TeV, 36.1 - 79.8 fb”
my =125.09 GeV, Iy, | < 25

.
ww-
B

0-jet

1-jet, p!! < 60 GeV

1-jet, 60 = p'; < 120 GeV

9g-H 1-jet, 120 < p*' < 200 GeV
-Jet, =Py« e

> 2-jet, p? < 200 GeV

= 1-jet, p? > 200 GeV

VBF topo + Rest
qq—Hgqg | VH topo
p_ =200 GeV

pY < 250 GeV

—Hlv
% pY =250 GeV

pY < 150 GeV

agg/qq —HII| 150 < p? < 250 GeV
pY =250 GeV

tTH + tH

IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII
0 010203040506 070809 1
Decay channel contribution

Estimate using "BLUE weights”

g
T Tud

w

gg— H:
* Mainly yy and ZZ

« WW mainly atf low NJ.

ets’

« Tt af high p,”
qq—Haq:

* vy, WW in VBF-like region
« Tt af high p,”

pp—VH: mostly VH-bb

ttH: mostly yy and
multileptons 15


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-57

Coupling Measurements

1909.02845
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K framework

Multiplicative coupling corrections, framework based on LO diagrames.

Effecti 1 i '
Production Loops Interference Zc'fzve Resolved modifier LOOP dlqg rams Ccadn be e |Th er.

modiner
o(ggF) v t-b 2 1.04 7 +0.002 2 — 0.04 ;x5 * Resolved to their SM structure, or
o(VBF) - - - 0.73 k3, + 0.27 k% ; ;

[ J
leilie — T - _ R Treated as effective vertices
o(gg — ZH) v -7 KggzH) 2.46k% +0.46 k7 — 1.90 k7
WH ; - - 2 g %
o(WH) Ky K % K
o(rtH) - = - ki b Z g
a(tHW) - -W - 291 k7 +231 k5, - 42660 | - H or e;’ ““““
o(1Hg) > —W . 2.63 k2 +3.58 k2, — 5.21 K,k 66(‘66
o (bbH) : : : K2 g S
Partial decay width
l—‘bb Kﬁ
rvw - = - 2
rse v t—b Kq 111 &7 +0.01 k3 — 0.12 k&5
| i - = = K2
EE K2,
Ipes - - = B
v v -W s 1.59 k3, + 0.07 k7 — 0.67 kw &
=y v -W Ky L1246 =012 kwk
e : : - RER)
2
188 B - - KJ“ b, T, 1t
K K b!t!“
W ¢ e e
{ H

H -—--—-- H —-—-- Or

b7,




K measurements with no other BSM effects

Higgs width ', not directly accessible using on-shell measurements

= Propagate effect of ks, assume no other BSM effects.

Assume SM structure for the loops. l'i’ 1
5
e
Parameter Result v 107
Kz 1.10£0.08 | *8% on gauge
Kw 1.05+0.08 J boson couplings 107
1.06 * 0.19
b - 0.18 +10-20% on 3" .
Ky 1.02 + 0.1 > . ] 10
ko generation fermion
o LO7 EG: 1S58 :
couplings 104
Ky < 1.53 at 95% CL .
tf— 1.4
- ° 12
H—-uu analysis included to v '1
consfrain K, 0.8

Excellent agreement with SM

. ATLAS

B IIIIII|

Vs=13TeV, 245-79.8 10" 7.3
- — 789 ’ .
m,, = 125.09 GeV, |yH| < 2.5,,@SM =78% Wo" :
-------- SM Higgs boson g |
b =
—68%CL O

95% CL

-
-
-
-
i -
*

»

-
-

m,(m,,) used for quarks

_II|III:

||||||‘||||||||||| IIII|

— S S— .4

10~ 1 10 10°

Particle mass [GeV]
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K measurements with no other BSM effects

Higgs width ', not directly accessible using on-shell measurements

= Propagate effect of ks, assume no other BSM effects.

EE ~  ATLAS Preliminary B
= 15 {s-13Tev,24.5-139fb" 7. =75
S -~ m,=125.09 GeV A
> - . w 7
&gt T SM Higgs boson ) -
- -1 With latest -
102 ¥ —
= 7 b H— puresults | 3
F (139 fb') :
107 = —=
= M -
E. - m,(m,) used for quarks N
107 = =
- [ | oy |I L L | | ]
Lf. B :
— 1.2 .
@) - i
K | } --------------------------- # %—
0.8 - -

10~ 1 10 10?
Particle mass [GeV]

Excellent agreement with SM

10"

1072

1078

10

1.4
1.2

0.8

| ' TorrTTTT IR
__ ATLAS __:
= Vs=13TeV,245-79.81h" P e
~ m,=125.09GeV, |y, | <25,p_, =78% W-' .
EEETITETELIE SM Higgs boson g |
E ,"i"‘ -3
- ¥ b B
- —68%CL
- 95% CL —
= ul.e ]
i. - m,(m,,) used for quarks E
§'!| H - ] _E
{ -------------------- 3 S #..].
107 1 10 10°

Particle mass [GeV]
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BSM interpretations: 2HDM

Reinterpret K, K, K, K measurements in the context of 2HDM models

Coupling scale factor Type I Type 11 Lepton-specific Flipped
Coupling to W, Z bosons ———— Ky sin(8 — a)
Coupling to up-type quarks —» Ku cos(a)/ sin(B)
Coupling to down-type quarks —» Kd cos(a)/sin(B) —sin(a)/cos(B) cos(a)/sin(B) —sin(a)/ cos(B)
Coupling to leptons : Ke cos(a)/sin(B) —sin(a)/cos(B) —sin(a)/cos(B) cos(a)/sin(B)
Q. o
2 ATLAS [ Obs. 95% CL = ATLAS ] Obs. 95% CL
e (5=13TeV, 24.5-79.8 b x  Best Fit Obs. - Vs=13TeV, 245-79.8 1" x BestFit Obs.
m,=12509GeV, |y, | <25 - Exp. 95% CL m,=125.09GeV, |y, [<25 e Exp. 95% CL
2HDM Type-| " — — SM 2HDM Type-l — — SM
10, . - : 10¢ :
- constraint J . - constraint from Kk, \ Kd - ]E
_ from K, ' | i - X ]
‘ | ‘ [ ]
[ | —
|
1- Typel | = 1= Typell —
B | : T B 7
i | [ . ] i ) |
. I Alignment - Alignment -
i constraint from k. | region | ' constraint from K, region |
1 0_1 | 1 | | ‘ | | I’ ’ | | | 1 | | | | | 1 | 1 0_1 | 1 | ‘ | | 1 | 1 | | | | 1
-1 -0.5 0 0.5 1 -1 —0.5 0.5 1
cos(f-a) cos(f-a)

Measurements favor Alignment region = SM-like light h® boson



BSM interpretations: hMSSM Y R

tang

Reinterpret K, , K . K, measurements to set constraints

V1+tan? B

tan S

Kg = Sg(my,tanB)+/1 +tan? 3 |

Ky = Sy(ma,tan )

in the (m, fan B) plane of the hMSSM i

= Exclude m, = 500 GeV at 95% CL

Sy =

1+ (miﬂn%)z tan? B
(1n%+mi tanzﬁ - mi ( 1+tan2 B) )2

(m3 +m%) tanB
mZ +m2 tan? f—m2(1+tan? B)

Sd =

ATLAS

hMSSM

Vs=13TeV,245-798 fb"
m,, =125.09 GeV, IyH| <25

[ Obs. 95% CL
....... EXp. 95% CL

September 2019
Lk T T T T | T

60 [ HA»
Vs-13TeV,36.1 10"

40 L l—/\ JHEP 01 (2018) 055
& =
=~ H= v

L}
C -

30 » . - - — ¥s=13TeV,36.1 10"
4 P - JHEP 09 (2018) 139
'

tan B

10

.
.
L

A" OO H> tb
20 F / — VG- 13TeV, 36.1 10"
H JHEP 11 (2018) 085
. ' [ Hb - bbb
' Ys=13Tev, 278"
1 0 arXiv:1907.02748 [hep-ex]

-------

W O H= ZZ> 4l

“ Ys-13TeV,36.110"
g

Eur. Phys. J. C (2018) 78: 293

I R ATLAS Hegs A Zh
_ 5 < .. _ fs=13TeV,36.1 fb"
7 4 Prellmlnal’y JHEP 03 (2018) 174
o = O H WW= Wiy
i hMSSM, 95% CL limits (G 13 TeV. 36.1 15"
a 3 —— Observed ] Eur. Phys. J. C 78 (2018) 24
H-> hh=> 4b,
| B -- -- Expected = + bb yy/r,
B B VS=13TeV,27.5-36.1 10"
| arXiv:1906.02025 [hep-ex]
T ) . &zt h couplings [xy, Ky, K4
+ \- Vs =13TeV, 36.1 - 79.8 fb'
.I ! : 3 —_— L T R arXiv:1909.02845 [hep-ex]
my [GeV]

b0

| | |
300

| ‘ |
400

| | |
500 600 Complementary to direct searches
m, [GeV] 21



K measurements with BSM effects in I, and loops

ATLAS Vs=13TeV,24.5-79.8fb"
my, = 125.09 GeV, b-’HI <25
68% CL: —g— L —p—
95% CL: e
Bga =0 Ky < 1 Kon = Kgg
Py, = 88% Pay = 96% Py = 95%
P —
KW -
———
. — e
K —
b — el
K¢ —li——
—————
KQ‘ —efl——
mm——
K ""'_.
;!/ — ———
By —
Bundel —
Bgsm . —_—
IiIIII'II'IIIIiIIII|IIII|IIII|IIII
15 14 05 0 0.5 1 1.5 2

Parameter value

I, affected by:
* K parameters

» Hoinvisible decays (B, )

o (i>H>j)~

2 2
K'Kf

inv ?

— B, accessible through H—invisible

searches (MET signature)

* Decays fo final states not measured (B

undet

B, .. >0andk, $1
* B,,,,=B

undet

r (K B, Bundet)

Talk by C. Sander
this afternoon

bounded through assuming

+ B, bounded by off-shell
H* —»ZZ measurements, qssumlng K

off 2
(1')H ')J) 1offo off

All measurements compatible with SM

, S 1:B < 30%,B

inv undet

< 21% at 95% CL

undet)

on
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K measurements with BSM effects in I, and loops

ATLAS /s = 13 TeV, 24.5-79.8 1b"
my = 125.09 GeV, |y | < 2.5
68% CL: g e o ——
95% CL: _—
Bggy =0 Ky <1 Kon = Kgg
p,, =88% p, =9%% p_ =95%
L
Kz -
K g
W _—‘I*—
KI ——_I:— e~ 15%
i} — \ -------- / __——. |
b : el
x K _____ i E : —
K, t ) =
, ————
K P —m— +139%
[#) 2N ‘ —mmfln— ~ & (o
O L B
K;V 63(5666 Kg E —il—
Egmv ?—4
Egundel }—4
Bgsm e
Ii||I|'|||III|iIIII|||||||||||||||
15 14 0.5 0 0.5 1 1.5 2

Parameter value

I, affected by:

2 2
K; K
1—‘H(K"B' Bundet)

v’

o (i>H>j)~

* K parameters

* H=invisible decays (B, )
— B, accessible through H—invisible

searches (MET signature) Talk by C. Sander

this afternoon

* Decays fo final states not measured (B
B

)
undet
. bounded through assuming

B, ., >0andk, <1
* Byw =B
H*—=ZZ measurements, assuming K _ =K

off ( * . 2 2
o (1')H ')J)N Ki off Kf off

d

+ B, bounded by off-shell

undet

on'

All measurements compatible with SM
K, <1:B_ < 30%,B < 21% at 95% CL

inv undet
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K measurements with BSM effects in I, and loops

ATLAS Vs =13 TeV,24.5-79.8 b’
my; =125.09 GeV, |y | < 2.5 r|.| affected by on /. . Kl-2 K]%
68% CL: —— == — . o (l_)H_)J>N1" (x,B. .,B, ..
95% CL: B o . <—1 S K pOrOmeTerS H K’ inv 2 — undet
p:hjhl 88% p:m = 96% p::m — 95%
Kz Sl * H-invisible decays (B, )
Ky o — B accessible through H—invisible
_ql-—_ nv
K, - ———_ 159 Sedrches (MET signature) Talk by C. Sander
N A /" B | this affernoon
K S i th! ——————
b : _'H_ .
. B oK e ol ; - * Decays to final states not measured (B ,..)
T —_— -
Kg = 1% | Can dlsoinclude k, modifier for
Ky, é@@e@@ Kga the Higgs self coupling <hell
B | | = Talk by E. Rossi this afternoon
] h off " Kot =Kon
Bundel o o (1_)H _)J)
BBSM-_ L——A |
R arssssdd 0 L Lo Lo All measurements compatible with SM
15 -1 05 0 0.5 1 1.5 2

Parameter value

K, < 1:B < 30%,B

Inv

< 21% at 95% CL

undet
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EFT Measurements



EFT Framework

K model not consistent beyond LO = not suited to precision measurements
= Parameterize BSM physics using an EFT extension of the SM

d< 1 d= d=
I = L(SM4) + PZCE G)Og 6)

+ %Z =8 pld=t 4

In this talk: constraints on a subbset of d=6 operators in the SILH basis
implemented in the HEL model within MG5_aMC@NLO, A = 1 TeV

K-like modifications but also allows modifications of
kinematics (measured in STXS kinematic bins), e.g.

ZO

depends on

Opgw = i(D“H)TJi(D”H)WZV S momentum

HW fransfer

ZO
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https://arxiv.org/abs/hep-ph/0703164
http://feynrules.irmp.ucl.ac.be/wiki/HEL
mailto:MG5_aMC@NLO

VH-=Dbb EFT parameterization  weeco

Onw =i(D*H)" o (D"H) W,
Consider 5 HEL operators (CP-even only) Hw = {(DEH) 0 (DT H) Wy

o Op =% (H*D#H) 8" By
Parameterizations from

Oy = ya|H|*O1Hdr

Oup =i (D*H)" (DYH) By,

LHCHXSWG-INT-2017-001 Ow = ! ( i ot H) YW,
Input from STXS Stage 1 measurements in 5 merged bins Details in G. Di
Focus on high-p.Y region: higher sensitivity to operators above SIEGETEe]l
T
yesterday
VH + leptonic
e l ?&12 4EATLAS Simulation ]
| aq —;:VH | [ 99— zH | 2>< 3.5;— ::ﬂ:?w:g-g:: *;
| W%ely | @ ] Z—»E!.'l—l—w_/ | % 3;— :§W_' 335= 0.008 —;
-prio.75] | lprio7sy | — |PE10,75] & 250 .
: 15— | e
E 13 """" : rreserren reee wEE ST f
' - WH- vbb | ZH~ (Il,vv)bb -
, 0.5—73 o 7
[ OT W )25 5(p2 50v > )25
: 'Or (950?(;6'/0 Gel/ r(750 G@Vpr (QSOTGGVO G@V



https://cds.cern.ch/record/2290628
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-50

VH—=bb EFT Results

Scan each parameter in turn, assuming others are 0 as in the SM.

2 ATLAS VH, H- bb, V- leptons cross-sections: 3 ,-\; Spa R N .
._IQ_ {s=13 TeV, 79.8 fb ® Observed ==Tot. unc. — Stat. unc. i IOI :A TLAS \@XE.LT':C t7)EtJ)8 fo! N
?:DQ 10° —SM [ Theo. unc. j 25 : S —
c C : ]

X ' — —Observed | : ]

-8 V=W V=2 1 of Expected -, ___________________________ S

-Q "
! - H 20

o, XB
2
||||||I| |||||||I| [ |||||||| [ TTTIT
.l
|| |||I| |||||||I| | ||||||||

—— -
10 E - 7 E E
A s S I S S N T
-% (;—_ * - . =+ _T_ | R o) T A I I B kML W AN
= + | 0.025 0.02 0.015 -001 0005 0  0.005
7 W, 75z 50.,, P& G
So‘prwvesopée iso Go, 50 e:f <250 Ze 550 Gev “Hw
Coeflicient Expected interval Observed interval
CHW [—0.003, 0.002] [-0.001, 0.004]
CHB [-0.066, 0.013] [-0.078, —0.055] | [0.005, 0.019]
Cw — CB [—0.006, 0.005] [-0.002, 0.007]
Cd [—1.5, 0.3] [-1.6, -0.9] U [-0.3,0.4]

Orthogonal combination strongly constrained by Precision EW measurements. 28


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-50

EFT Interpretation of the H— Yy differential XS analysis

Reinterpret differential fiducial
Ccross-sections measured in H—-yy

Details in D. Borner’s talk yesterday
and L. Ma’s talk fomorrow

HEL Operators | O, = H'HG,,G" C, C, | AILAS-CONF-2019-029
Considered: O, = H'HB,,B" év + CP-odd —> éY , _
(Results also Onw = i(D*H)'o"(D"H)W},,  C,, operafors  C, . Consider &,,=C,, and
provided in P a & C,w=C,s ONly to avoid
SMEFT basis) Onp = i(D"H) (D"H)B,, HB " |7 too-large H-Zy rates
o 04289 —
Q C ]
= e A UL -ATLA Prllmlnr H Vs =13 TeV 3
o~ 0.15 ATLAS Preliminary H = yy {s=13TeV J 0.3 g H S ° i T * =
- SILH ] - N .
0.1 8. = Coy - 0.2 SHB = EHW=O —
- Cre = Chw . E EHB =~C w=0 E
0.055 ¢, 5,20 = 0.1 ¢,=¢,= =
- ©.=06.=0 N - - \\ .
of vy Ty [ + ) ] ol Donut shape from c_ ] .
- \ ] - - interference with SM + &_ / -
-0.05F g - 0.1 E
g4 955 Observed 68% CL E _0.2F 300 Observed 68% CL E
- [__] Observed 95% CL ] - [__] Observed 95% CL Degeneracy on ¢, .
i l 0.3 =
4)-15,— + SM — -+ SM phase broken by Ag, \
[ \ I R N . =
_0.4]—— 1 1 1 | | | 1 | 1 1 | 1 1 1 —-[><10
—008—0 06—0 04—0 02 0 002 0.04 0.06 008 08 06 04 _0.2 0 o

Crw

Lo


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029

Conclusion

* Precise coupling results from the combined measurement of Higgs cross-
section properties using up to ~80 fb! of Run 2 data

« Cross-section results reported in the STXS Stage 1 framework providing fine-
grained measurements of Higgs production

* Higgs couplings reported in the k framework already used in Run 1

* Recent emphasis on EFT interpretations, in parficular using
— STXS VH—-bb results
— H-vyy differential fiducial cross-section measurements

* Most of these results use only a fraction of the full Run 2 dataset: more
precise measurements are still ahead - especially if experimental and
theory systematics continue to improve.
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Input Analyses

Analysis Dataset Integrated luminosity [fb~']
H — yy (including ttH, H — yy) 79.8
H— ZZ*— 4¢ (including 1tH, H— ZZ*— 4¢() 79.8
VH, H — bb 2015-2017 79.8

H — uu 79.8
H->WW*— evuyv 36.1
H—or1T 36.1
VBF, H — bb 24.5 - 30.6
ttH, H — bb and ttH multilepton 2015-2016 36.1

H — invisible 36.1
Off-shell H —» ZZ* - 4land H — ZZ* — 2(2v 36.1

Previous combination (ATLAS-CONF-2018-031)

Analysis Integrated luminosity (fb~!)
H — vy (including 1tH, H — yy) 79.8
H— ZZ*— 4¢ (including ttH, H— ZZ*— 4¢) 79.8
H— WW*— evuy 36.1
H— 171 36.1
VH, H — bb 36.1
H — up 79.8
ttH, H — bb and ttH multilepton 36.1
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Categories

H—-vyy

H—ZZ7Z"

| H— WW*

H—-TT

H — bb

iTH leptonic (3 categories)
rt H hadronic (4 categories)

11 H multilepton 1 £ + 2 1,54

1t H multilepton 2 opposite-sign £ + 1 1,4
1t H multilepton 2 same-sign ¢ (categories for 0 or 1 Tj,q)

1tH 1 ¢, boosted
rtH 1 ¢, resolved (11 categories)
ttH 2 £ (7 categories)

ItH 1t H multilepton 3 ¢ (categories for 0 or 1 Ty,4)
tt H multilepton 4 ¢ (except H— ZZ*— 4{)
ttH leptonic, H— ZZ* — 4(
1t H hadronic, H— ZZ*— 4¢
VH2( V H leptonic 24,75 < pT < 150 GeV, Njets = 2
VH 1 ¢, ;;?E%n_mz 150 GeV 2¢,75 < p¥. < 150 GeV, Njeis > 3
VH 1¢, ;;;*E*Mdsu GeV 2L pE > 150 GeV, Njets = 2
VH |y grmiss| gmiss > 150 Gev O-jet, p3¢ > 100 GeV 26,y > 150 GeV, Nie > 3
VH Eml“ Eml“ <150 GeV 1 t'p 2 150 GeV, Njes = 2
VH+VBF pr> 200 GeV 1£pY > 150 GeV, Nigys = 3
V H hadronic (2 categories) 2-jet, mj; < 120 GeV 0f¢, ;;% > 150 GeV, Njeis = 2
04, pp 2 150 GeV, Njgys =3
VBF, p,};.”f > 25 GeV (2 categories) | 2-jet VBF, ;} /T > 200 Gev 2-jet VBF VBF p17 > 140 GeV VBF, two central jets
vBF | VBF, p,}r’”j <25 GeV (2 categories) | 2-jet VBF, p‘; Ji <200 GeV (Thad Thad ©nly) VBF, four central jets
VBF high-m;; VBF+y
VBF low-m;;
2-jet, pY” = 200 GeV I-jet, pg’ > 120 GeV -jet, mgz < 30 GeV, p? < 20 GeV | Boosted, pI* > 140 GeV
2-jet, 120 GeV < _:)?(200 GeV 1-jet, 60 GeV< p‘”’(l20 GeV | 1-jet, mgy < 30 GeV, p7? = 20 GeV | Boosted, pr" < 140 GeV
2-jet, 60 GeV < p?ry< 120 GeV 1-jet, p‘“ < 60 GeV 1-jet, mge = 30 GeV, p 2 < 20 GeV
ggF 2-jet, p?{ 60 GeV 0-jet, p‘“ < 100 GeV 1-jet, mege = 30 GeV, pf > 20 GeV

1-jet, p? = 200 GeV

1-jet, 120 GeV < py” <200 GeV
I-jet, 60 GeV< pY?'<120 GeV
I-jet, pX'< 60 GeV

0-jet (2 categories)

0-jet, mpy < 30 GeV, p? < 20 GeV
0-jet, mee < 30 GeV, p7 = 20 GeV
O-jet, mpy = 30 GeV, p’}ﬂ2 < 20 GeV
0-jet, mgy = 30 GeV, pgg = 20 GeV
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5XS Results ATLAS st )

'S
OggF ~0.01  0.08 08%
— T T T ] \ T
'8_ o0| ATLAS — H— vy = 0.6
= | V5=13 TeV, 245 - 79.8 tb~" —H 77 1 &
s} T my=125.09 GeV, |yu| < 2.5 ] VBF —0.4
b> | poy = 50% H— WW |
15 B —H-> 77 h —0.2
i — Combined | Oy —o
10| ] | 0.2
I | Gy —-0.4
5 B a —-0.6
: 1 Ot —-08
O B : N S |
i — 68% CL -- 95% CL +=+Best Fit ®SM i N N - - -
! [ [ T T T S SO Y R R ! 2 g = N T
0 20 40 60 80 100 © 6 © © =
o
UggF [pb]
Process | Value Uncertainty [pb] SM pred. Significance
(lygl <2.5) | [pb] Total Stat. Exp. Sig. th.  Bkg. th. [pb] obs. (exp.)
ggF | 46.5 4.0 3.1 +2.2 +09 £1.3 4477 + 2.2 -
0.84 0.63 0.35 0.42 0.14
VBF | 425 * 0.77 N 0.60 M 0.3 N 0.32 i 011 3.515+0.075 | 6.5(5.3)
0.48 0.34 0.25 0.11
WH 1.57 * 0.46 + 0.33 + 0.52 + oo7 *£0.20 [ 1.204 £ 0.024 | 3.5(2.7) } 53 (4.7)
0.25 0.07 0.033 ’ |
ZH | 0.84 * 02 *0.19  +0.09 * ooa ET0.10 [ 0.797 - 0.026 3.6 (3.6)
r 0.15 0.07 0.05 0.08 0.034
ttH+tH | 0.71 * o *0.10 * 0.06 * 0.04 * oo7 | 0-586 * 0.049 5.8(5.4)
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Unceriainties on u

Uncertainty source Ap/p %]
Statistical uncertainty 4.4
Systematic uncertainties 6.2 8
< - | | ]
Theory uncertainties 48 c - ATLAS — Total .
Signal 42 7:_ /s=13TeV,24.5-79.8fo"' — Remove Bkg. th. 4
~ my=12509GeV, |y | <25 — RemoveSig.th. 7
Background 2.6 6 = p,,=18% T Stat. E
Experimental uncertainties (excl. MC stat.) 4.1 5f_ _f
Luminosity 2.0 45 .
Background modeling 1.6 - .
Jets, Emiss 1.4 3c E
Flavor tagging 1.1 2; —f
Electrons, photons 2.2 15_ - _E
Muons 0.2 - . . ]
- “ o [
7-lepton 0.4 0 1 1.1 1.2 1.3
Other 1.6 u
MC statistical uncertainty 17

Total uncertainty 7.6




Uncertainties on ¢

rod
Uncertainty source % [Fo] % [o] ‘/‘\% [%e] A{fﬁ [%e] —&;;z: ;;H [Fo]
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 92
Luminosity 21 1.8 1.8 1.8 3l
Background modeling 249 2.2 4.7 29 .1
Jets, EMSS 0.9 5.4 3.0 3.3 4.0
Flavor 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 | 0.8
MC statistical uncertainties 1.6 4.8 3.8 7.9 4.4
Total uncertainties 8.9 19 30 29 21
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SxS Results

ATLAS —— Total [ |Stat. ==Syst. 1" SM p
m,=125.09 GeV, |y | <25 my =125.09 GeV, |yH| <25
p. =71% H < : : : { o~
SM m 0.05 0.01 0.03 -0.22 -0.01 -0.01 -0.02 0.01 =0.14 0.00 0.01:0.10 0.01 0.00 0.00 <
% Y : ; : om
Total Stat. Syst. 1 Z7*|oos 0.01 0.00-0.02-0.28 0.00 0.00 0.00:0.00 —0.17 0.02:0.02 0.02 0.00 0.00 é—-
1 (=] 5 5 5
TY HIIH 0.96 =014 (2o , 009 D WW*o.01 o0t -0.01:0.00 0.00 -0.09 0.04 0.03 i-0.01 -0.01 0.01:0.00 0.02 0.01 -0.01 .Ed‘
* 016 1 j )
QQF zz """ 1.04 oqs (=014 , £006) 7T |0.03 0.00 —0.01 0.02 0.03 0.02 -0.44 0.00:0.05 0.03 0.00:0.00 0.02 -0.01 0.01 0.6 é._
* (== . 041 . +odsY| 00 ¢ e AN s
Wi I 1.08 7351: {._[?3171 ' f‘f::) vy |o22-0.02 0.00 0.02 011 0.05 0.05 0.00:0.02 0.01 0.01:0.05 0.01 0.00 0.00 0 4“5_
AT b e 0 '-99--9:5-2-(--0;3‘3--‘-9:38-) ZZ* |-0.01-0.28 0.00 0.03 0.01 0005002 -0.06 000;001 0.00 0.00 0.00 -
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SxS Results

Process Value Uncertainty [fb] SM pred.
(lygl < 2.5) [fb] Total Stat. Exp. Sig. th. Bkg. th, [fb]
ggF, H— yy 97 +14 +11 + 8 +2 v 101.5+5.3
geF.H - 27" 1230 *1% £170  +£60  £20 +20 | 1181 %6l
ggF, H - WW"* 10400  +1800 +1100 +1100 £400 * 9% | 9600 + 500
geF, H — 17 2700 * D0 £1000  £900  *EN +400 | 2800+ 140
VBF, H— yy 11.1 S S B Yt 7.98 +0.21
VBF,H — ZZ* 249 M e M- 92.8+2.3
VBF, H - WW" 450  *30 o bl st 756 + 19
VBF, H — 17 260  *t5) 9% 3 M 220 £ 6
VBF, H — bb 6100  F 3300 #3300 TR0 +£300 +300 | 2040 +50
VH, H— yy 5.0 N %:g M %:g N {1):8 +0.5 +0.1 4.54 8{;
VH,H - ZZ* 36 reoor el 2 v v 52.8+1.4
VH, H — bb 1380 0 o =150 tis0 140 | 1162755
itH+tH, H—yy | 146 Toip Toi o5 Toun £003 ) 13370
ttH+tH, H > VV* | 212 Ry e METO 142 + 8
ttH+tH, H - 17 51 Pt tae ve ve 36.7 * 31
ttH+tH, H — bb 270 +200 +100  +80 MO 341 * 39
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Ratio Model results

Quantity Value Uncertainty SM prediction
Total Stat. Exp. Sig. th.  Bkg. th.
it [pb] | 133 +0.15 *913  £0.06 oo oD 1.181 £ 0.061
OVBE/O gt 0097 I3or  Zoom  ows oo ooos | 0-0786:+0.0043
OWH g 0033 005  Zoow  Tooe oo - ooos | 00269 T g
o211 0.0180 0% 006+ o0 0dle 0007 | 0.0178 * 0L
CamanlCgr | O0IST TOMML r ORI 000000000 0,0131 * S001
By, /Bzz 0.075  * 0016 oo Cooee £0.001  +0.002 | 0.0860 + 0.0010
Bww/Bzz 6.8 13 e ros +0.2 oo 8.15+ < 0.01
Ber/Bzz 204 13 0RO IR g i | 2300001
Byb/Bzz 205 *%s  Tie  tyi ey 33 | 22.00+051
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Ratio Model Correlations
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STXS Results

' Value Uncertainty [pb SM prediction
Measurement region ((o-r- X BZZ)IB%‘\Z'l) y [pb] P
[pb]  Total Stat. Syst. [pb]

gg — H. O-jet 355 30 il T3 27.5+1.8
gg — H, l-jet, pi < 60 GeV 3.7 *3% 2 1 6.6 0.9
gg — H, 1-jet,60 < pf! <120 Gev 40 "1 1 oS 4.6+0.6
gg — H, l-jet, 120 < pff < 200 GeV Lo *ot +£05 O3 0.75 +0.15
gg — H, > 1-jet, pi! > 200 GeV 12 87 04 T3 0.59 £0.16
gg — H., > 2-jet, p! < 200 GeV 54 3L S T 48+ 1.0
gq — Hgq, VBF topo + Rest 6.4 * % 1 o 4.07 +0.09
qq — Hggq, VH topo -0.06 *o0 o RS 0.515£0.019
gq — Hqq, p‘.’i. > 200 GeV -0.21 +033 * 8%2 + :Hg 0.220 + 0.005
qq — Htv, pY <250 GeV 0.90 0% Toam o | 0.393+0.009
qq — Hev, p} > 250 GeV 0.023  *ouis Toon oo 0.0122+0.0006
g2g/qq — HCL, p}’ < 150 GeV 0.17 ° ﬁﬁ? +020 * 85 0.200 £ 0.008
ge/qg — HEE 150 < p¥ <250 GeV | 0.028  + 0082+ 0033+ 00/ 394 40,0041
g2g/qq — HCL, p¥ > 250 GeV 0.024 *pom  toole ot ﬁgﬁg 0.0083 + 0.0009
" 0.23 0.18 0.14 0.04
rtH+tH 0.84 T4 Tole ol 0.59 T s

) ) Uncertainty o
Branching fraction ratio Value SM prediction

Total Stat. Syst.
0.012 0.010 0.006 -

Byy/Bzz 0.074  Too Zoow - ooos| 0-0860+0.0010
B,;/Bzz 14 * 2 * i + g 22.0+0.5
Bww/Bzz 7.0 T tis s 8.15+ <0.01
Brz/Bzz 2.1 *ol x05 3 2.37+0.02




Weakly-Merged STXS results

N i B 1 % 1 Merge VBF-topo bins in gg—H
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STXS Scans
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2HDM Results

tang

10

107

ATLAS
Vs=13TeV,24.5-79.8 fo!
my; =125.09 GeV, |y | <25

[ ] Obs. 95% CL
x  Best Fit Obs.
....... Exp. 95% CL

2HDM Lepton-specific —— SM

| | | | | ‘ |
-1 —0.5 0.5 1
cos(f-a)

tang

ATLAS [_] Obs. 95% CL
Vs =13 TeV, 24.5-79.8 fb" x  Best Fit Obs.
m,=125.09GeV,ly,|<25 o Exp. 95% CL
2HDM Flipped —— SM
10} g :
1= .
1 0—1 | | | | | 1 | |
— —0.5 0.5 1
cos(f-a)

43



Generic model results

Parameter  (a) Biny = Bundet =0 (b) Biny free, Bundet = 0, kw,z < 1 (¢) Besm = 0, Koff = Kon
K7 1.11+0.08 > 0.88 at 95% CL 1.20: % 32

Kw 1.05 £ 0.09 > 0.85 at 95% CL 1.15+0.18

o 1,08 ¢ B8 0.85 * %13 114 2321

K1 1.08 % &4 [-1.08,-0.77] U [0.96,1.23] at 68% CL  1.18 +0.23

Kz 1.05 * 18 0.99 +0.14 116 = 5~

& 1.05 + 0.09 0.96 * o-be 1.16 * 4

s 0.99 * g4 105 * 012 108 * 17

Biny - < 0.30 at 95% CL -

Bundet - < 0.21 at 95% CL -

Besm ? - < 0.49 at 95% CL

44



K Model Results
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Definition in terms

Parameter Result
of k modifiers

KeZ KeKz[KH 1.06 + 0.07
Arg KelKg 1.10 * 512
Azg Kz/Kg 112 7 0-3
Awz Kw/Kz 0.95 + 0.08
Ayz KylKz 0.94 + 0.07
Arz KKz 0.95+0.13
Abz Kb/Kz 0.93 * 013

Ky
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VH-=Dbb EFT
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EFT Interpretation of the H— Yy differential XS analysis

Differential fiducial cross-sections measured in H-yy

— Use unfolded distfribufions in p,", Njefs, m,. A, and p/!

Details in D. Boerner’s
falk yesterday

— Correlations between distributions obtained from bootstrap
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(RGSUH'S also OHW = i(DuH)TUi(DyH)WZU C_:Hv\/ Operg‘]‘ors éHW Consider CHW=CHB and
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029

H— vy differential XS EFT Results

ATLAS-CONF-2019-029
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~ r 1 —4 r 1 —4
¢, —1.3,1.1] x 10 —1.1,1.1] x 10
_ . 1 —2 : 1 —2
Crrw —2.5,2.2] x 10 —3.0,3.0] x 10
~ r 1 —2 : 1 —2
C vy —6.5,6.3] x 10 —7.0,7.0] x 10
_ . 1 —4 : 1 —4
c, —1.1,1.1] x 10 —1.0,1.2] x 10
~ r 1 —4 : 1 —4
. —2.8,4.3] x 10 —2.9,3.8] x 10
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