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Outline

e Probing Higgs boson couplings with quarks at LHC proton-proton collider
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Outline

e \With the ATLAS experiment, first results on Higgs boson couplings:

= heaviest quarks top, bottom, charm
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Outline

e \With the ATLAS experiment, first results on Higgs boson couplings:

= heaviest quarks top, bottom, charm

(
Higgs boson b ‘
couplings to:

9 ‘\’“ i“?:’.‘: V N\ k C ‘ to

this talk

)
s

e Yukawa couplings proportional to fermion masses: Yi ~ 2 M

L= —EFWFW == ’MEDw == |DM¢|2 — V(qb) = lzz Yij ’ébj ¢+ h.c.

Fermion couplings unconstrained (added ad-hoc)
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Higgs boson coupling with the top quark
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Top Yukawa coupling

e Measuredat Run1(7&8TeV)byATLAS & CMS
arXiv: 1606.02266

+0.15 X SM prediction

Yi = 0.87 -0.13

e but results depends on top quark contributions to loops in: 87%
o gluon fusion (main Higgs production mode at LHC) —» E

o di-photon decay :izt
q

e Direct access at tree-level (test of physics beyond Standard Model) through:

“ttH production mode”
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https://arxiv.org/abs/1606.02266

ttH observation, 8o fb™ Bl Lett B 78 Lot 123

e ttH production mode mmmp direct access to top Yukawa coupling at tree-level

How? Combination of the big five decay channels

|—> most sensitive with ATLAS, not necessarily on branching ratios

YY reconstruction Higgs candidate |0.23 %
to high resolution detaled later o | —allzz
ZZ — 4 leptons g 264% | " S a8e % 10
i from “ttH multilepton” search | 626 %
WW 1712.08891 215 %
bb dedicated search “ttH, H — bb" 581 %
ttH production 1712.08895
Rare: < 2% , . : S
\_ _J  Simultaneous fit to signal & control regions of individual analyses
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https://arxiv.org/pdf/1712.08891.pdf
https://arxiv.org/pdf/1712.08895.pdf
https://arxiv.org/abs/1806.00425

ttH observation, 80 fb™, results ———

Combined event yields in all analysis categories. Background extracted from fit, with freely floating signal

;% 108 TTT I TTA1 I TTTT I T TT l TTTT TTTT I TTTT I TTTT I TTT T T T T | T T T T | T T T T | T T T T | T T T T | T T

240 ATLAS 1 ¢ Data ATLAS e Total | | Stat. [ Syst — SM

o Vs=13 TeV, 36.1 - 79.8 fb" M =132) I Observed Vs=13TeV, 36.1-79.8 fb"

Y10 ttH (u=1) 4 SM - Total  Stat. Syst.
10° [ JBackground fiH (bb) | 0794 29 (4 2 .4053)
10* tiH (multilepton) HE=— 156+ g45 (+ 0% ++ 027 )
10° _h‘_‘—Lth iH (y7) == 139 033 (£ 0% % 017 )

2
10 = tiH (22) e <1.77 at 68% CL
p Y S S0 [ SecnIB—— - S
Combined H==H 1.824 05 =08+ 2 )
; 1=::}::::{:H:{::=:{::::}::H}::::{H::}:::. | | | | |

g) 4_ | _1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 2 1 1 1 1 3 1 1 1 1 4 1 1

S 3+ - SM

g 2_ _ Oy Ot

a8 4 PSP G0 DL I e Main uncertainties: tt + bb (cc) & ttH modelling

11 l_3l 1 I_12.151 1 I_2I 1 I—Il‘I5I 1 I_].I 1 I_IO.I51 1 Iol 11 10‘5I 111 ) )
og, (S/B) e Observed ttH significance of 6.3 o (5.1 0 expected)

e consistent with SM expectations
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https://arxiv.org/abs/1806.00425

ttH measurement: H — yy, 140 fb™

ATLAS-CONF-2019-004

e First full Run 2 data Higgs result, enough luminosity in H — yy channel alone for a ttH measurement

e FEventssplitin: 7 BDT slices = signal-enriched regions
o Hadronic events: = 21 b-jet, > 3jets, 0 lepton BDT Hadronic Had 1 Had 2 Had 3 Had 4
o Leptonic events: > 1 b-jet, > 1 lepton BDT Leptonic Lep 1 Lep 2 Lep3

e Backgrounds:

Data

T

—_————
ATLAS Preliminary

> = -
) o 18 ¢ -
o non-resonant diphoton (ttbar + yy) & 16E. “ Continuum Background {5 = 13 TeV, 139 b7 3
. . . c"\D - - Total Background m, = 125.09 GeV 3
o non-ttH Higgs production modes (100% uncertainty) T 14— signal+Background  Had 1 category E
o 12F =
C - -
. . . o - i
e Simultaneous fit of m  in each BDT slice: i 12; -
o Unbinned fit 105 < m,, < 160 GeV 6 N
. . 4 —
o Shapes S & B — modelled by analytical functions 1 ‘ \ ‘ I
. : . " / ot T T T, e A e
Fit example in BDT bin Had 1 (most sensitive) L L [GeJ,?O
it
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-004/

ttH measurement: H — yy, 140 fb™ ATLAS-CONF-2019-004

Weighted yields by In(1 + S/B) in all BDT bins Post-fit data yields in each BDT bin (= category)
> L e e B I B B S o 180 : : - ' =
8 r ¢ Data ATLAS Preliminary 7 a‘:) 4 ATLAS Preliminary ¢ Data =
0 30:_ ------------- Continuum Background s = 13 TeV, 139 fb B iy 168 s=13 TeV, 139 fo'' - tl:;ln(}gljl :I)n . =
c"\)_ [ =---- Total Background m, = 125.09 GeV ] 140 Bl Cont. Bkg.gg =
: 25:_ —— Signal + Background All categories _: 120 _;
2] C In(1+S/B) weighted sum - 100 Had categories Lep categories  —
g 20 — + 3
S E E 80 =
= 15 | 60 =
g - . 40 =
@ = E 20 =

— I oy
5: ﬁ-lﬁ o0l + — ttH (u=1.4) _|
O_I 1 | 1 1 1 I | I 1 1 1 1 I 1 1 1 1 I 1 | i 1 1 I 1 1 I i 1 7] g O W
110 120 130 140 150 160 - ! , , | . , ,
myy [GeV] Had4 Had3 Had2 Had1 Lep3 Lep2 Lep1

e Observed ttH significance: 4.9 o (4.2 0 expected)

e Before with 80 fb™: 410 (370) 0.33 0.13 0.22
peerr = 1.38 1057 (stat.) 017 (exp.) To7y (th.)

e Consistent with SM expectations:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-004/

Higgs boson coupling with the bottom quark
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VH’ H — bb ’ 80 fb-i arXiv 1808.08238 Phys. Lett. B 786 (2018) 59

(" wiz ) Large multijet background!
Reduced:

f
ZH — wbb 0 lepton

lept
e Events split by W/Z boson leptonic decays | WH— Wbb 1 fepton

e Large boost of the Higgs boson | ZH —ttbb 2 leptons

[} L LR B IR LR B B B L R
= ATLAS —e—Data 3
= 4 B VH, H — bb (u=1.16) -

. . . . @ (s =13TeV,79.81b I Diboson ]

e b-jettagger +correction methods to improve m  resolution 5 0 lepton, 2 jets, 2 b-tags ﬁ ]

i pY 2150 GeV [ Single top 3
- Bl W+jets ]
e Main backgrounds: W+jets, tt , single top T i

----- Pre-fit background
— VH,H — bb x 10

e Boosted Decision Trees (BDT) to reduce background

trained separately in each region example m—)

e Simultaneous profile likelihood fit performed in 8 SR + 6 CR

15 F T T T T T

1' ——. —— e

LI B =
’ —— . & \J.\‘*v
—— En ol S S

0.5: [P I I | | | |

to extract signal strength p

Data/Pred.

-1 08 06-04-02 0 02 04 06 08 1
BDT,,., output
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https://arxiv.org/abs/1808.08238

VH, H — bb, 80 fb-i arXiv 1808.08238 Phys. Lett. B 786 (2018) 59

e Run 2results at Vs = 13 TeV: Main uncertainties:
Experimental; b-tagging details
. . in
o5y = 1.167031 = 1.16 + 0.16(stat.) §:{o(syst.) | Theory modeling: W/Z +jets [ paciups

e Combined fit with separate floating signal strengths ., and u_,, Di-jet mass distribution in all regions

(all backgrounds except WZ and Z2)

L L B L

ATLAS  VH, H-bb  (s=13TeV,79.81b" Significances e Astasuanse s
ATLA —e- Data
—Total — Stat. 18 =13TeV, 79.8 b I VH, H — bb (1=1.06) ]
Tot. ( Stat., Syst.) Observed ExpeCted 16E 0+1+2leptons -leoson 3
2+3 jets, 2 b-tags XY Uncertainty
+0.47 +0.27 +0.38 14 Weighted by Higgs S/B Dijet mass analysis

WH e — 108 x5 (Goz7, 054 250 230

12
10

:

ZH He—n 199 2 .0 4.0 0 350

Comb. o +0.27 +0.16 +0.21
116 7555 (Z016:-019 430
i i)l g g R R i o) e Sl g g

00.51152253354455
ubb

VH

v

8
6
4
2
0

—20 b b b b b b b L

40 60 80 100 120 140 160 180 200
m,, [GeV]
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Events / 10 GeV (Weighted, backgr. sub.)
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https://arxiv.org/abs/1808.08238

Observation of H — bb decays

arXiv 1808.08238 Phys. Lett. B 786 (2018) 59

DESY. Claire David

Combination of analyses targeting H — bb from different Higgs production modes: T
~ A 4 A
VBF + ggF ttH H— bb
q q
H
g —_ —
H e
W/Z _-— =
00
q q g
. J . J . J
Run 1 & 2, Phys. Rev. D 98 (2018) 052003 Phys. Rev. D 97 (2018) 072016 Phys. Lett. B 786 (2018) 59
"ATLAS | Hosbb  fs-7TeV,8TeV,and 13 Tev Significances
. 4.7 7, 20.3 fb", and 24.5-79.8 b
S|mu[taneous ﬁt —Total - Stat. Tot. (Stat, Syst) Observed Expected
. VBF F =2 +1.16 +1.01 4057
all signal strength u *99r | w . 1.68 1 (Y100 ‘051 ) 150 090
floating independently tH| i 100 38 [(102e ko 190 190
Results compatible with VH 008 B [l e ) 490 510
Standard Model Comb. 1.01 %0 (%15.201) 540 550
0 I T R S
B May 9, 2019 14


https://arxiv.org/abs/1808.08238

MeasurementVH,H - bb 80 fb™ arXiv 160304618

e using simplified template cross-sections (STXS) framework to measure cross-section:
o Splitin Higgs production modes & further splitting in fiducial regions based on Higgs kinematics

o  Split-stages: increasing granularity with the increased integrated luminosity (enough stat)

- o e e e

e STXS truth categories split in reconstructed vector boson p_ bins Pros of STXS framework

/ enhanced sensitivity

v/ smaller theor. uncertainties
/ less model dependance
Event selected using BDTs / casier to interpret (EFT)
v/ access BSM (high p. bin)

/ allows BDT, ML techniques

trained in each category

= exploiting correlations

oo T mm mm mm e e o Em E— E— Em E E E———

Systematic uncertainties assessed in ATL-PHYS-PUB-2018-035
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-035/
https://arxiv.org/abs/1903.04618

Measurement VH, H — bb, 80 fb™ arXiv 190304618

e 5 measurements of WH and ZH cross-section in 2 - ATLAS VH, H-bb, V- leptons cross-sections: -
a L {s=13TeV, 79.8 fb™' ® Observed == Tot. unc. == Stat. unc. _
p,;’ regions — optimized sensitivity for each BDT W 10 g k=i PRGN =
. - X - : =
e Largest uncertainties: statistical O M= ; V=2 :
: Qg2 I -
e good agreement with SM X E ,_I_ =
N S | : 1
10 = i ; I =
e Limits used to constrain Effective Lagrangian: =] : 3
= 5f | ]
. PR - : T B
L =Loy+ ) |clOel Adp e ® I T
= = &l ! |
\ &:“ 0f- : -
. . 150 A 75z 150 Rz
focus on coefficients/of operators of a5, li50 Gey 7504 V<p§<250 éeVSO -

“‘Strongly Interacting Higgs" formulation (paper)

= constrain down-type quark ~ unity = measurements can be combined with

other decay channels of STXS framework

more details in talk at Higgs coupling conference
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https://arxiv.org/abs/hep-ph/0703164
https://indico.cern.ch/event/732102/contributions/3092590/attachments/1759693/2854585/HC2018ATLASCMS.pdf
https://www.icepp.s.u-tokyo.ac.jp/hc2018/
https://arxiv.org/abs/1903.04618

Combining Higgs boson production and decay

Best precision to date

DESY. Claire David FPCP, Higgs boson couplings to quarks at the ATLAS experiment May 9, 2019
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Combined Higgs ATLAS ety | oy o e

\5=13TeV,245-79.8 fb"y +——Total ' Stat. == Syst. "1 SM

measurements s

Total Stat. Syst.

8 fb-1 ggF vy o 096 so14( zoa1, 0%)
o gaF ZZ rl-l 104 1312( zo1a, z006)
ggF Ww L 1.08 o019 ( o011, =zo0.15)
goF = e pDe sy wox, em

, _ , | ‘ggFcomb. T, """"""""""""""" 104 “so0s( 007, 0F)
Production cross-sections in each decay channel ) [VBFy7y ; 130 70 703 om,
VBF ZZ s peel gEep e, @

. +036( +029

e Now all production modes assessed (ttH observed) | VBF WW -l P =l Came )
VBF 1t Hessssy 116: 25220 0. 54

B — ——— 1 301 e i low)
e Good compatibility among decay channels VBF comb. = 121 1955( 155, 6%
VH vy v-—;——| 109 *03i( 08, 0%
. . VHZZ +—e=—— 068 “p%( lom. lon

¢ Consistent with SM | VHBD = g Sy am ey
VH comb H= 115 222%( =08, 20U
ttH+tH vy = 110 2835( 203, Ioi
ttH+tH VV E 150 2057( 0. lo%
tH+H 0 ———— 138 5 0%, lom)

| HH+tH bb i 079 lap( rem, som)
tH+tH comb. e 121 208 ( Loy, 0
ATLAS-CONF-2010-005 AT N S N S ST N N S N N SN

-2 0 2 4 6 8

Parameter normalized to SM value
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

ATLAS-CONF-2019-005

Couplings vs quark masses

et | aTLAS Prelminary '; o Kappa framework == assigning coefficient k. and k,,
£ 1 \5-13Tev,245-798 b 7z .3 . . _ _
5 E m,=12500GeV,ly,[<25,p_ =72% o £ = coupling modifiers for each interaction vertex
e . iy ]
< 10 T SM Higgs boson =
£ = Standard Model = Kk = K, = 1 H <
= ""g' =
107 o P E
= 2 =
- 1 e Here
% — . .
10 = on” E o all coupling scale factors treated independently
4 ’_ ] N o only SM particles contribute to Higgs width
7 1.3;'“I R 'f ____________________________________
I? 1.2 - -
5 3 I == +0.19 o
sl * --------------------------- =R SR 2 - M
0.9 I
0.8 ]
0.7 -

= ’ 10 102 Couplings compatible with SM expectations

Particle mass [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/

DESY. Claire David

And with more data?

8ofb* ==  3000fb™

FPCP, Higgs boson couplings to quarks at the ATLAS experiment

May 9, 2019
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Projections with 3000 fb™, end of High- Lum|n05|ty LHC

5 [T T T ] " [ T g T T T T T A N
% L ATLAS Prel|m|nary , 5 El [ ATLAS Prellmmary .
= £ 5= 113 Te(:g 24\5/ s = .f.»"t = . = Projection from Run 2 data }: 3
g | TR IBDBEV@P,, = T 1 #p [ f5=14TeV, 3000 b W]
o g SM Higgs boson £ — T I SM Higgs boson ]
B - i - P .
102 <7 b -1 1023000 fb™* b =
= . 80 fb -: - 3 . e
108 - 10° =
= & = = Mo 3
10 ] = 10 =
el " O O e W T | . L PR | =] = | | ol | —

> T T T > | [E8 | T
v 131 ] E ]
I? 1.2 - ] Ii 105 | pemmmmmmmmmemmeeeeeeo T
S 11f 4 & s s e S S S R S TSR +'.;
5 TN BB T
09F - I ~
0.8} . 0.9 .
0.7F e i g

1 1 1 L 0.85 Il 1 1 Il
10° 1 10 102 10" 1 0 o

ATLAS-CONF-2019-005 Particle mass [GeV] A7 pHys-pUB-2018-054 Particle mass [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/
http://cdsweb.cern.ch/record/2652762/files/ATL-PHYS-PUB-2018-054.pdf

Summary

ATLAS Run 2 at 13 TeV: fruitful past two years, 2 observations papers and 2 measurements follow-up
‘- Measurements on couplings with top, bottom and quark compatible with SM.

o Observation of ttH Measurement of ttH
t https://arxiv.org/abs/1806.00425 ATLAS-CONF-2019-004 Fuu RUn
Phys. Lett. B 784 (2018) 173 (channel H — yy only) 2
1
‘ https://arxiv.org/abs/1808.08238 https://arxiv.ora/abs/1003.04618
b ps: .org 903.04
Phys. Lett. B 786 (2018) 59 Submitted to Phys. Lett. B.
1]
Search for VH — cc Combination Higgs boson
. https:./arxiv.org/abs/1802.0432 production & decay
C
Phys. Rev. Lett. 120 (2018) 211802 ATLAS-CONF-2019-005 NEW’
&0 D
Feb 2018 Jun 2018  Aug 2018 Mar 2019
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https://arxiv.org/abs/1802.04329
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-004/
https://arxiv.org/abs/1806.00425
https://arxiv.org/abs/1808.08238
https://arxiv.org/abs/1903.04618
http://cdsweb.cern.ch/record/2668375/files/ATLAS-CONF-2019-005.pdf

DESY. Claire David
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DESY. Claire David

Higgs boson coupling with the charm quark

Using a charm tagger

FPCP, Higgs boson couplings to quarks at the ATLAS experiment May 9, 2019

24



VH, H — CC y 36-1 ll:b-1 Phys. Rev. Lett. 120 (2018) 211802

- N S s ATLAS Simulation g
5] w 7 = c efficiency 41% o
W)z e Process: ZH —cc il o ST =
\ ' ..q_s ) 41%efﬁcieyncwa —0.4 _,:J_J,
q W)z* e Dedicated charm tagger £ 4 s &
) - identifying jets from ¢ quark =
q N H
/ N
, . , 2
< Working point: 41% efficiency 10
\ C from ttbar simulated events '

T ¢ GO LTk Lhab b hd 5T Pk 6 &1 10 ‘?.\“’:
¢+ Data E \q&

> . T e 5
4 ata O] 1 1 L 1 I
(g ATLAS . Prefit 9] ATLAS ---- Prefit 0.1
=) {5 = 13 TeV, 36.1 o — Fit Result =) \s = 13 TeV, 36.1 fo" —_Fit Result 3 4567810 20 30
95 2 c-tags, 75 < p? < 150 GeV B 2 c-tags, p? > 150 GeV W Z +jets . r
£ £ = b-jet rejection
g g 10° mzz
>
[im] i [ zw

[ ZH(bb)
— ZH(ct) (100xSM)

[ ZH(bb)
— ZH(ct) (100xSM)

e categories defined with reco Z p,.

L vl vl ol

e 4regions of different signal purities

e Final discriminant = m__

oL
T
-

T

oY= CEN
o
4

Data/Bkgd.
OO—_ —

Data/Bkgd.
cO——a

60 80 1(I)0 12I0 1‘110 16‘30 1é0 200 60 810 1(|)0 1&0 1‘;»0 1é0 1é0 200
m [GeV] m [GeV]
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https://arxiv.org/abs/1802.04329

VH’ H — CcC ’ 36.1 fb-i Phys. Rev. Lett. 120 (2018) 211802

e Dominant uncertainties:

Source 0 /Otot G TSt T s s s e mmmmmm I
T e I ) ) ) ) I
Statistical — 49% I Procedure validated measuring diboson production 1
Floating Z + jets normalization 31% I I
Systematic 87% | Fraction ZW,W —cs,sd = -65% | _ :
Flavor tagging 73% : ' in 2 c-tags region |
Background modeling 47% I Fraction ZZ, Z — cc = 55% I
Lepton, jet and luminosity 28% : . +0.5 . . observed :
Signal modeling 28% : Diboson u,,, = 0.6, significance 1.4 oex . |
MC statistical 6% | 220 :
L oo o o o oo o oo e e e e e e e e e o e o e e e e e e e e e e e e e e

e First limit on Higgs coupling to 2" generation quarks

e Upperlimit o(pp — ZH) x BR(H — cc) = 2.7 pb °Pse™ed ot 95% CL
3.9 21 pb expected = =000 [rmmmmmmmmmmmmmmmmeo——ooeeoooooooo-oo
-11

| Challenging to measure |
Ogy = 0.026 pb . even at High-Lumi LHC
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https://arxiv.org/abs/1802.04329

[INumbersl]

e Dedicated charm tagger identifying jets from c quark

Efficiencies & uncertainties

—)

VH,H — cc, 36.1fb™

Phys. Rev. Lett. 120 (2018) 211802

Working point c b L
Efficiency c 41% - -
Rejection b/ - 4 20
Uncertainty 25% 5% 20%

Yield, 50 GeV < mee < 200 GeV

Sample
1 c-tag 2 c-tags

75 < pZ& < 150GeV | pZ& > 150GeV 75 < p& < 150GeV | p% > 150GeV
Z + jets 69400 + 500 15650 4+ 180 5320 4 100 1280 + 40
Zw 750 4+ 130 290 + 50 53+13 20+5
A 490 + 70 180 + 28 55+ 18 26 +8
tt 2020 =+ 280 130 + 50 240 4+ 40 13+6
Z H (bb) 32+2 19.5+1.5 41404 2.740.2
ZH(ce) (SM) | -1434170 (2.4) -844100 (1.4) | -30440 (0.7) -20 429 (0.5)
Total 72500 + 320 16180 + 140 5650 & 80 1320 +40
Data 72504 16181 5648 1320

DESY. Claire David

FPCP, Higgs boson couplings to quarks at the ATLAS experiment

== Post-fit yields

May 9, 2019
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https://arxiv.org/abs/1802.04329

Higgs boson production modes at the LHC

q q
00
g
H
i H
W/Z - —
00( q ~H
g q q

/ s

ggF VBF VH
gluon-gluon Fusion Vector Boson Fusion Associated with W or Z
87% 7% 4%

e Direct access (tree level) to top Yukawa coupling through ttH production mode /

ttH
Associated with ttbar

\_ 2%

J

1

but rare

e Top quark = heaviest fermion = most strongly-coupled to Higgs boson sswindow to physics beyond SM

DESY. Claire David FPCP, Higgs boson couplings to quarks at the ATLAS experiment
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VH’ H N bb ’ 80 fb-i arXiv 1808.08238 Phys. Lett. B 786 (2018) 59

e Boosted Decision Trees (BDT) to further discriminate the background (trained separately for each region)

= R B e B BN mAE By B B o A B A AR AN RS RARE AR © R B e B A BARE RRme mae
S [ ATLAS i 1 5 9 anas prtrr NN B ATLAS I V. H > b6 (u=1.16) ]
o | Vs=13TeV,79.81" =;:1’°:; e (”=1'16): 5 F (s=13Tev,79.8 1" -Dib’oson = . E 10*E (s=13TeV,79.8 ™ -Dib’oson = =
g W 0 lepton, 2 jets, 2 b-tags i N § | 1 lepton, 2 jets, 2 b-tags t o § 2 leptons, 2 jets, 2 b-tags B Z+jets E
a 10 = pY > 150 GeV [ Single top 3 W gtk Py =150 Gev [ Single top _ m pY > 150 GeV tt ]
C Bl W+jets ] E Multijet 3 10° [ Single top _
- Bl Z+jets - B Bl W+jets a Uncertainty 3
Zo-__.__._ Uncertainty 7 —~ B Z+jets 4 el . mmem Pre-fit bacEground 7
103 __________ Pre-fit background — 3 [] Uncertainty — VH,H - bb x10 _

----- —VH,H>bbx10 3 10°E «s+ Pre-fit background "3 102

' 7 — VH,H 5bb x20 3

102 102 — 10

1
S 15 FrTTT T e 5 1.5 P TTTITTTI T T T 5 1.5 P T T e e e g
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e Simultaneous profile likelihood fit performed in 8 SR + 6 CR = extracting signal strength
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https://arxiv.org/abs/1808.08238

VH’ H — bb 80 fb-i arXiv 1808.08238 Phys. Lett. B 786 (2018) 59

e Run 2results at Vs = 13 TeV Source of uncertainty Ou
Total 0.259
Statistical 0.161
Systematic 0.203
Theoretical and modelling uncertainties Experimental uncertainties
Signal 0.094 Jets 0.035
E.'r‘“iSS 0.014
Floating normalisations 0.035 Leptons 0.009
Z + jets 0.055 b-jets 0.061
W +jets 0.060 b-tagging c-jets 0.042
it 0.050 light-flavour jets  0.009
Single top quark 0.028 extrapolation 0.008
Diboson 0.054 Pile-up 0.007
Multi-jet 0.005 Luminosity 0.023
MC statistical 0.070
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Generic parametrization kappast & b

e Current LHC data insensitive to K, and |K

S
= for now assumed to vary like L. K, Lk

e ggH vertex and H—yy loop processes

= treated as effective coupling strength modifiers Kg and
e Al kK > O K, either + or —
= constrained using th and gg — ZH processes
(" : ! .
3 scenarios for Higgs total width
== no BSM contribution: BR. .. =BR =0
—_— invisible undetected
=] t
BR, e @ndBR .. ., free parameters +set k< 110 remove
=+ single free parameter BR__,, - BR = BR
—_— BSM invisible undetected
.
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ATLAS Preliminarys = 13TeV, 24.5-79.8 fb"
my =125.09 GeV, y | <25

68% CL: —— el —_—
95% CL:

Bgsu=0 Ky < 1 Kon = Koff
P 88% Py 97% [ 95%

H
IIII|I]II|IIIIIIII|IlII|IIll|[I[l

-15 -1 -0 0 05 1 15 2

Parameter value
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Fermions and gauge boson coup
W LIS N LS ILALELS DL LA LA I LA BN BLNLELES BLNLELE R
~ 2—ATLAS Prellmlnary 4+ Bestfit —
~ Vs=13TeV,245-79.8 " o ]
1.8_ my, =125.09 GeV, |y | < 2.5 —68% CL
C p, =41% -95% CL -
16: * SM _:
1.4 =
125 =
1= =
0.8 =
0.6 f_ — Combined —H—yy _f
0.43_—H—>ZZ H—oWwW _f
- —Hobb —Ho1r -
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Ky
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Probing Higgs boson
universal coupling strength scale factors

for all bosons and all fermions.

Assuming:
e Allbosons k=K, =K,
e Allfermions K=K =K =K = K,
e No invisible Higgs decays
e No undetected Higgs decays

K, and k. compatible with SM with

p-value = 41%
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Effective

Parametrization of Higgs boson " o e gy, footeimetie

. . o(ggF) v t—b K§ 1.04 K,2 +0.002 Ki —0.04 & kp,
production cross sections & e Lz mmEg
z
decay widths as function Of o(gg — ZH) v t-Z Kigezh) 246 k5 +0.46 k7 — 1.90 k2,
o(WH) . . ~
u m o(1tH) = * = K;V
coupling strength modifiers Kk -« S W 2918231422k
o(tHg) - t—-W - 2.63 K,2 +3.58 K&V —5.21 kekw
o (bbH) s : «
Partial decay width
oi(k) X Tr(k B 5
oy x By = ZOXTAE) E E B =
I'y rse v t—b k2 L1 +0.01 k2 - 0.12Kkp,
I=r - - - K2
rz . K
o : i - - - KR(ER
k=1 or k2=-—1! r ¥ t-w K 159K +0.0767 —0.67kwks
7 oM J o rsm’ rzr V4 -w K, 112K, 012Ky,
J J g - - - K=K
e : : -8
Total width (Bjpy = Bypger = 0)
2 2 2
K (K) 0.58 k;, +0.22
e B B - H rsM +0.08 42 + 0,062
H( T undet) (1 — Binv s Bundct) H Tn v - e +0.03 Kz +0.0342
+0.0023 2 +0.0015 K2,
+0.0004 k2 + 0.00022 Kfl
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