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Higgs productions and decays

Higgs production modes
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Higgs decay channels
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* A broad range of measurements of Higgs properties have been performed using

proton—proton collision data produced by LHC
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Motivation and Introduction

« The combination of Higgs-boson decay channels could maximize the

precision of these measurements

Run | results ATLAS e, Total uncertainty
— G
my, = 125.36 GeV theory
H 5.36 Ge — o(theory) tloonp
H - yy iy : [E - :
-1 17+o_23 fgl? Lol B
T | AT
0% . |
H -2z : ' ——
= 1.467040 0% H=
M= 10 e o i H
H - Ww* o : 1 :
+0.17
— +0.24 [-0.14 = .
”_1'18-0.21 0o i HH i
0% : |
H-> 1t N : ——
= {44042 0% ——
Y R i I
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_ () aRt039 |02
w=063 | 1 HH t
H - up - : -
_ . 737 |-07
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Combined -0 F:
+0.15 |-0.10
me118 e i b
| | |
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(5=8TeV,20.3 10" Signal strength (u)

* In Run I, we presents the combination of measurements of Higgs boson

production inthe H - yy and H - ZZ* — 41 decay channels for now (ATLAS-
CONF-2017-047)
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Introduction

* We presents combination measurements

» Total cross section
» Global signal strength
* Production cross sections/Ratio of cross sections
« Simplified template cross sections
o x framework
* Kr, Ky
* Kg, Ky
* Generic model

 All measurements are performed assuming
e My = 125.09 + 0.21(stat.) + 0.11(syst.) GeV
* BR,, = (2.27 £0.07)x1073
* BR, = (1.251 £ 0.027)x107*

» Data were collected in 2015 and 2016, at a centre-of-mass
e]p:egr 31/?1‘1) 1 (1% TeV, corresponds to an integrated luminosity
of 30.
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Event categories

« The analyses of the individual decay channels separate the measured events into
exclusive kinematic and topological categories

di-photon selection

!

34, #™
tH + ttH - leptonic

!

6 : #, #b
tH + ttH - hadronic

!

Di-lepton
Z(— IhH

One-lepton
W(- v)H

E™™® significance
Z(— vv)H ; W(— )H

!

qqH BSM

!

Low-mass two-jets
W(= ji)H, Z(— j)H

High-mass two-jets
VBF High p._(Hj)

High-mass two-jets
VBF Low pT(Hjj)

10:m, p_(v). #
rest (dominated by ggF)

|

pY> 150 GeV
pY< 150 GeV

MET €[150 GeV, o]

MET &[0, 150] GeV

tight

tight

tight

ATL-COM-PHYS-2016-1784

Reconstructed event categories
H-Z7" - 4l
: Na=0
: &

P <60 GeV
. 1j-p;*-Low

. 60<p, <120 GeV | N, =1
. 1/-p;*-Medium

. P> 120 GeV
. 1/-p;*-High

' - - p;/ <200 GeV
' VBF-enriched-p/-Low |«—————— m; >120 GeV

! py/>200 GeV
: | VBF-enriched-p/-High |<————

X m; <120 GeV
: VH-Had-enriched*

. N, =5
! VH-Lep-enriched

ttH

ttH-enriched

118 < m, < 129 GeV
is divided into p,* > 150 GeV
s for tensor

CERN-EP-2017-206

* The categories are structured hierarchically to prioritize the selection of signal events
from processes with the smallest production cross sections

* A number of likelihood fits are presented to do combination measurements based on

event categories
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Global signal strength

+ The global signal strength u is defined as the ratio of the observed yield to its SM expectation

. o oXB
(0xB)sm * Run | result with all decay
channels ~
1, =099 +0.14 (Jf_%_lﬁ(stat. )100¢(exp. ) X358 (th. )) (vy.2Z°, 2y, WW* bb,T7,up)

+ p=118313 (£0.10(stat.)
0.07 (exp. ’:8:8§(th60-))

Hzz = 1.28+923 (*9418(stat. ) X598 (exp. ) 1§08 (th.))

i =1.09 £ 0.12 (+0.09(stat. ) *33¢ (exp.) *§38(th.) )

» Comparing to Run | results, errors decrease by 14%
T « Comparing to individual decay measurements, errors

T T I T T T ‘ T T T
ATLAS Preliminary

g, Amaseemmy consiten decrease by 22%/30% (yy/ZZ")
61— Hoyyand HozZz*—»4/ HoZ7*—4] ]
5 _|

e |+ The measurement is consistent with the SM prediction
' ‘ ! with a p-value of ps), = 47%

* The leading uncertainties are

 Theoretical: agg’f;, PDFs, Branching fractions and ag
e » Experimental: Luminosity, Energy resolution (e, y)
T and Pileup
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Total cross section

s The total pp —» H + X cross sections at centre-of-mass energies of 7, 8 and 13 TeV

are measured in data corresponding to integrated luminosities of 4.5 fb~1,
20.3 fb~tand 36.1 fb!

oy T LA LA A R L
&I 100 ATLAS Preliminary — O mH=125.99 GeV ]
7 [ A Hoyy o H—ZZ*—4l QCD scale uncertainty
o )
bQ_ 80 i ¢ combined data mm Total uncertainty (scale ® PDF+a.,)

systematic uncertainty ]

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

Vs=13TeV, 36.1 b 7

7 8 9 10 11 12 13

Vs [TeV]

Decay channel Total cross section (pp — H + X)

V5 =TTeV /s =8 TeV V5 =13TeV
H — vy 35715 pb 30.577% pb 479754 pb
H— 77" =4 33176 pb 3775 pb 68.07 1571 pb
Combination 34410 (stat.) 75 (syst.) pb  33.3%3% (stat.) T} (syst.) pb  57.01%0 (stat.) T3 (syst.) pb
SM prediction [§] 19.240.9 pb 245+ 1.1 pb 55.6737% pb

The systematic uncertainties are smaller than the statistical uncertainties for the
measurements at all three center-of-mass energies

The results of the individual decay channels are compatible with a p-value of 29%,
and no deviation from the SM predictions is observed (ps;,, = 84%)
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Production cross sections

« A combined fit is performed for the cross sections of ggF, VBF, VH, and ttH for
lyy| < 2.5 and assuming SM branching fractions ~
« The measurements of ggF and ttH production include the bbH and tHX processes

T T T T T T T T T T T T T T T T I T T T
F ATLAS Preliminary
99 Vs =13 TeV, 36.1 fb”
Hoyy and H—>ZZ* -4l
my =125.09 GeV, ly 1<2.5 Process Result Uncertainty [pb] SM prediction
VBF I HEe (lyu| < 25) | [pb] Total  Stat. Exp. Th. [pb]
I y - geF 439 Ye5 (TD T3 12 445757
VH easuremen VBF 7 9 +2.1 +1.7 +0.8 +1.0 3 52+0.08
IEE'I Stat. uncertainty D ’ —-1.8 —-1.6 —0.6 —0.7 0e-0.07
: +1.6 415 +0.3 +0.06
: Syst. uncertainty | | VH 03 iy Tz #0400 Toh 1.99%.05
fiH EB}:' SM prediction I ttH 0.27 fg;g; tgg? J_rgjgg fg:gg 0.59J_r8:8§
1 I 1 1 1 1 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

- 0 1 2 3 4 5
Cross section normalized to SM

» The four-dimensional compatibility between the measurement and the SM prediction
corresponds to a p-value of ps;;, = 5%
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VBF VS ggF

« The measurements of the ggF and VBF cross-sections are typically anti-correlated,

since the selections used to identify VBF production also select some ggF
production events

« The measured likelihood contours in the oy 55 versus o, plane from H - yy and

H - ZZ* - 4l, and their combination

ggF

VBF

VH

* The two-dimensional compatibility between the measurement and the SM prediction

-0.29

-0.22

......

T T 1T o [T
ATLAS Preliminary 08 X 2 40" —— Combined 68% CL
Vs =13TeV, 36.1 fb -t & o -+ Combined 95% CL
H—yy and H>ZZ*—4/ 0.6 © E H—>yy 68% CL
my, =125.09 GeV, IyHI<2.5* o4 30 «ee H—ZZ*—54] 68% CL

o 25; + Bestfit

: = [ SM prediction
—0 20—
—-0.2 15E
-0.4 g

ATLAS Preliminary
Vs=13TeV, 36.1 fb”

H—yy and H>ZZ* 4]
my, = 125.09 GeV, ly, 1<2.5

ggF
VBF

VH
ttH

corresponds to a p-value of ps;;, = 3%
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Ratios of cross sections and branching fractions

« To remove the assumption of the SM branching fractions of the Higgs boson

A combined fit of the production cross-section ratios oyzr /0,45, 0y /044r, and
ot/ 044r, the branching-fraction ratio 5, /B4, and the product o, ,-xB,; divided by
its SM prediction are presented

« Common systematic uncertainties cancel in these ratios, reducing model
dependence and improving precision

. O'i'szaggF'B‘”'( i ).(;Z)

OggF

Ogor * Bas EEH‘ ATLAS Preliminary
Vs=13TeV, 36.1 fo"
B,,/B,, iy | :ﬁ-y::;(;:e:szﬁ:lz Quantity Result Uncertainty SM prediction
. n=125. sy 1<25 Total Stat. Exp. Th.
ounlons I Oggr-Bae  [M)] 66 12 (tLl 104 102 5.6193
; EEEMeasuremem " B, /Bu 125 128 e Y 402 18.14+0.2
Oy Ogqr )EE Stat. uncertainty || UVBF/GggF [10_2] 21.5 ——‘rg:g tg:z t%? tg:g 791—8%
5 Syst. uncertainty [] ovifogr [0 02 Fgio (f53 L8 Tod 45703
O Oggr EE< SM prediction [J ouin/oger (1077 0.7 &% e 02 400 1.340.1

Quantity normalized to SM

« The five-dimensional compatibility between the measurements and the SM
predictions corresponds to a p-value of ps;,;, = 3%

2017/12/22 Combined Measurements of Higgs Boson Couplings



Merged Stage1 STXS measurement

» The simplified template cross section framework defines a set of kinematic regions
for each production process and combines these with the ratios of branching
fractions for the various decay channels

B
© Vi =XiAji -1 (0 Badsm - Ty (—f)SM L

By

« By dividing the cross sections into kinematic regions, the framework reduces the
reliance on the SM for cross-section measurements

ATLAS preliminary

« The current data sets are not
sensitive to the SM production of the
full set of stage-1 processes

(H + leptonic V)

* Lower-rate regions are merged in
order to give sensitivity to SM
production and to minimize
correlations

H+

(EW qqH incl. VH — qqH)
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Simplified template cross sections

gg—H (0-jet) ATLAS Preliminary

_ gl
0g-5H (161, <60 GeV) Vs=13TeV, 36.1 fo

H—yy and H>ZZ*—4l H
o o 2 12500 GeV, Iy 1<2.5 * The results show good overall agreement with the
(1-jet, 60 < p* <120 GeV) $ H Vi
B e a0 oo == [5s, SM predictions in a range of kinematic regions of
MLl <oy === t Higgs boson production processes
9g—H (2 1-Jet, p? >200 GeV) —FEe— | Ratic normalized to Si : : T
+ 9034 (7, 7200 Gel) [] memmetl e The ten-dimensional compatibility between the
qq—Haq ( p,-r<200 GeV) | I'EEE" Measurement lof . ]
St ncarainy || measurement and the SM prediction corresponds
99/qq > HIVHI v ’EEE‘ Syst. uncertainty D O
—_— T to a p-value of pg); = 9%
-1 0 1 2 3 4 5 6
c, x B, normalized to SM
Measurement region Result Uncertainty SM prediction
Total Stat. Syst.

B../Bu 125 128 (tg;g tg;g) 18.14 0.2

99 — H (0-jet) 207 *gh (%65 *Ei)wb | 27.6+19pb

99 — H (1jet, pf < 60 GeV') 44 48 (ti;‘{ i};g) pb | 6.6+0.9 pb

99 — H (1et, 60 < pH < 120 GeV) 46 128 (tg;z tg;g) pb | 4.6+£0.7 pb

99 — H (1-jet, 120 < pH < 200 GeV') 1.6 *1 (tg;g tg;g) pb | 0.75 4 0.15 pb

g9 — H (> 2-jet, p? < 200 GeV or VBF-like) 106 37 (té;g ti;ﬁ) pb | 48+1.0pb

99 = H (> 1-jet, pr > 200 GeV)) 19 +09 (+g§ +8~§) pb | 0.81 4 0.16 pb

+ qq — Hqq (p}, > 200 GeV) ' '

aq — Haq (P}, < 200 GeV) 98 3 (H8 i) eb | 45stiIpd

99/qq — HE(/Hly 02 192 (fg:? j:0.2) pb 0.6370-0% ph

43/g9 — 1TH 03 85 (*85  xo1)pb | 05970% pb
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k framework

* The k framework parameterizes new Higgs boson interactions as multiplicative
coefficients to cross sections and partial widths

K%F?M
: _ 2 SM
 o(i—>H>f)=kxio; A

» First, two-parameter fits are performed for the coefficients of couplings to fermions
(kr) and to weak vector bosons (ky)

« A small positive correlation due in part to the destructive

g 2B e interference between the top-quark and W-boson loops
L *  SM prediction ATLAS Preliminary . _th H N d
-+ Bestfit Vs=13TeV,36.1 16" ] In € ]/.]/ ecay - . .
2 Combined 68% CL HorrandHozzsa | The correlation between the two quantities is estimated
LGSOl mmeey to be 54%
1.5; ------- H->ZZ*—>4] 68% CL { « Ky =1.03+0.06 ° E#:r:n'zzu't with all decay
i 1 K= 0.89%0:72 (vy,ZZ*,Zy, WW*,bb,tt,up)
i - « iy =1.09+0.07
- . « Kkp=111701%
oo e .1 '« Comparing to Run I results, k errors are larger (40%)

Ky because Run | measurements contain more Yukawa
couplings (Zy, bb, tt, up)
» The two-dimensional compatibility with the SM
prediction is psy;, = 52%
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* The effective couplings k, and k, capture all loop contributions to the Higgs-boson

interaction with gluons and photons
* New loop processes would appear in these modifiers rather than being absorbed by

the k¢ and k;, modifiers

= 1.5F
4 o
1.4
1.3F
1.2
1.1

0.9F
0.8F
0.7F

i

*  SM prediction

+ Bestfit
— 68% CL
------- 95% CL

ATLAS Preliminary
{s=13TeV, 36.1 fo"
H—yy and H»ZZ*—41
m,; =125.09 GeV

* Run1 result with all decay
channels
(yy,ZZ*,Zy , WW*,bb,tt,up)

« Ky = 1127311

« K, =1.00%313

09 1 14 12 13 14

#F\l\\\\‘\H\‘HH‘H\\‘HH‘HH‘HH‘HH

« A strong anti-correlation because the leading constraint comes from H — yy in the

gluon fusion channel

» The correlation between the two quantities is estimated to be -64%

* Ky =1.08%31]

Kk, = 0934302

« Comparing to Run | results, errors decrease by 12%/19% (k,/x,)
« The two-dimensional compatibility with the SM prediction is ps;,, = 68%
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GGeneric model

» A set of four ratios is constructed to probe the loop vertices, total width, and the
fermion and vector couplings

* Kgy = KgKV/KH

Ky/Kg

* Arg = Kp/Kg

AyV = KV/KV

* The inclusion of k in the parameterization allows for non-SM decays of the Higgs
boson

I I T T I I T T T I T T T T I T T T T
ng @ ATLAS Preliminary
; /s=13TeV, 36.1 fb"
H-yy and H»ZZ* 4l = -
: ncertaint
A : my =125.09 GeV Parameter | Result Y
Vg 5 "EEE" Total Stat.  Exp. Th.
: Kgv 1.07 4009 (+0.08 4003 +39
: Measurement -+ +0.26 +0.23  +0.08  +0.09
}\'YV EHEP Stat. uncertainty D Avg L4l Zo%3 —0.20  —0.06  —0.08
+0.09 +0.03
Syst. uncertainty D )"YV 084 Tyos +0.08 gy £0.01
: +0.41 +0.40  +0.06  +0.07
kfg i — | Afg 0.74  Tole3 —0.62  —0.14  —0.05
| | i | !

L L L L L N R
0 0.5 1 15 2 25 3
Quantity

» The four-dimensional compatibility with the SM prediction is ps,, = 15%
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* Higgs boson productions and decays combination
measurements
* The total cross section at v/s = 13 TeV is measured to be
57.0129(stat.)*33(syst.) pb
* The global signal strength is 1.09 + 0.12

« All results of production cross sections, ratio of cross
sections, simplified template cross sections and k
frameworks were performed

« No significant deviation from the Standard Model predictions
IS observed

 The combination with more channels (bb, ttH(ML)) in Run |
IS ongoing!
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ATLAS+CMS Run |

Combination Results




Production Decay mode
process H — 97 [fb] H - ZZ [fb] H — WW [pb] H — 17 [fb] H — bb [pb]
Best fit Uncertainty | Bestfit Uncertainty Best fit Uncertainty | Bestfit Uncertainty Best fit Uncertainty
value Stat  Syst | value  Stat Syst value Stat  Syst value Stat  Syst value Stat  Syst
eo|Messured | 480730 31 U3 [s0cn Gy th| s57 % t0: [owqm h -
9.7 9.4 25 150 (+140) (+30 07 05 05 700\ (+400) (+500
(fs 5) (ism) (tl.é) (tm) (imo) (tzu) (tw) <f0 5) (tos) (im) <f400) (isoo) -
Predicted | 44 £5 510 £60 41+05 1210 £140 11.0£1.2
: 023 022 4007 034 4033 +0.09 017 012 4012 06 04 04
Ratio L0763 5% 06 L3R5 0% 007 | 084707 R Rl R S Y S Y R -
+19 18 406 46 46 47 014 013 +007 39 43 19
VBF | Measured | 4.6 Tg 0y 3% 1% 1| 0397 o e |15 % -
18 17 05 60 60 8 0.15 013) (+0.07 39 34 19
(1) () () (%) () ()] (35 @) el (3 @3 -
Predicted | 3.60 £0.20 42.2 £2.0 0.341 +0.017 100 £6 0.91 £0.04
;i +05 +05 402 11 411 402 +04 04 +02 +04 403 402
Ratio 13%3 Tos  Toi | 01%0s ok o2 2504 03 02 3% s oz -
21 21 03 0.18 015 +0.10 64 55 32 021 017 4012
WH |Measured | 0.7 '3g BT - 0241558 foai o o |4t BT R N B 2 A
19 19 01 0.16 014 (+0.08 67 60 30 022 018) (+0.12
<t1 s) (t’l x) (tuj) - (to 14) (tma) (tom) (tm) <t54) (t32> (to.zl) (tu.w) (to.n)
Predicted | 1.60 +0.09 18.8 £0.9 0.152 +0.007 443 +2.8 0.404 +0.017
Ratio 0543 G 19 - it I e e e e B I S Y
+29 28 405 +023 +021 0.10 +56 452 420 009 4008 4004
ZH |Measured| 0575, 23 02 - 053 Ty i o | 881 T T | 008Z500  Zoos oo
+23 23\ (+01 0.17 +016) (+0.05 +49) (446 (+16 4010} (+009) (+005
(—1 9) (iw) (—0.1) - (to,m) (70,14) (io,oq) (740) (—35) (42) (7009) (—u 08) (—0,04)
Predicted | 0.94 +0.06 11.1 £0.6 0.089 +0.005 26.1+1.8 0.238 +0.012
Ratio 05130 30 403 - 5.9 3% R s R e B i -
+048 048 4007 005 004 +003 30 426 15 007 4004 +0.06
t#H |Measured| 0.64 1555 “055 100 - 014153 oo o [-15%6 M M3 008Gy 0L oo
+045 044) (+0.10 0.04 004 (+0.02 31\ (+26 16 007)  (+004) (+0.06
<—034) (tms) (—a 05) - (fom) (ta,m) (io.oz) (tze) (—22) <t13> (to,oe) (—am) (—0,05)
Predicted |0.294 £0.035 34104 0.0279 £0.0032 8.1%1.0 0.074 +0.008
Ratio | 22116 e 2 - e R S I o G (e e I e v R e

ATLAS and CMS
LHC Run 1

-o- Observed +1c
 Th. uncert.

1Y

WW

T

1Y
y/4
WwWw

T

VBF

YY
ww

bb

1Y
WW

bb

YY
WW

T

bb

ttH

2 4 6 8 I10
o - B norm. to SM prediction
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Ratio of cross sections and branching ratios

-e- ATLAS+CMS

Production Decay mode ATLAS and CMS ATL A S
process H — 7y [] H — 2Z[fb] H — WW [pb] H — T [fb] H = bb [pb] LHC Run 1 -
Best fit Uncertainty | Best fit Uncertainty Best fit Uncertainty | Bestfit  Uncertainty Best fit Uncertainty | —t CM S
value Stat  Syst value Stat  Syst value Stat  Syst value Stat  Syst value Stat  Syst '
ggF|Measured | 480 1550 195 133 IS0 o Up | asE7 o 3 HGE 300170 %L - 0_( H ZZ) 1o
(35 (2 (D] (DEDE)| (B () )] (B - gg—H— —+20
Predicted 44 45 510 £60 4.1 +05 1210 £140 11.0 £1.2 | H -Th. uncert.
Ratio | 110155 I0R  N0E 113105 N0 K0 | oseify N M0 | 1ofE % M - :
VBF|Measured| 46135 L7 18 | 3T D D) 030fgy MG Q| 1515 1h IR - o /o
(18 (1) ()] (%) (%) (] (88 G OGe) () (%) (1) - VBF' ~ggF e
Predicted | 3.60 £0.20 422 £2.0 0.341 £0.017 100 +£6 0.91 £0.04 '
Raio |13 3 oach b @] 1ei o B ow - — :
WA Measued | 073 1 2 - oatl W 48w 3 8 [omdy  4p 4 6 Jo
(1) (1) (8) - (2) (3 (o) () (9) (D] (1) (38 (28) WH' *ggF =
Predicted | 1.60 £0.09 18.8 £0.9 0.152 +0.007 44.3 £2.8 0.404 +0.017 H
Rio | 052 - W4 lul o E | e g ow — :
ZH |Measured | 05135 '35 143 - 053108 0B Mo | sl E MR |eosiE NR  Nu o H/G &
(8) () () - (3 () (3] (%) () ()] (o) (3m) (%) zH PggF > .
Predicted | 0.94 £0.06 11.1 0.6 0.089 +0.005 26.1+1.8 0.238 +0.012 '
- '
Raio | 05 g3 - s R W2 W ow|ed B ow -
[V 004 48 4841 - DT T I N T 6./ o
(f85) (v8%) (o) - (cag) (e08) (o) () (13) (B9)|  (e6%) (to%) (8%) ttH ~ggF ¥ -
Predicted |0.294 £0.035 3.4 £04 0.0279 +0.0032 8.1+£1.0 0.074 +0.008 :
Rato | 2278 5 - b I R S e ) B T B B '
'
_*I_

* The p-value of the compatibility between B"/BZ —~
the data and the SM predictions is 16% — i
* Most measurements are consistent with =

IIlI|lIIIIIII|IlII|IIIl|IIIIIIIII

the SM predictions within less than 2o -1 0 1 2 383 4 5 6
Parameter value norm. to SM prediction
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Global signal strength

+0.11
—0.10

 u=1.09

« The p-value of the compatibility between the data and the SM predictions is 40%

2017/12/22

(i0.07(stat.) + 0.04(exp.) + 0.03(thBkg.

+0.07
—0.06

(thsig))

» This result is consistent with the SM prediction of u = 1 within less than 1o

Best fit u Uncertainty

Total | Stat Expt Thbgd Thsig
ATLAS + CMS (measured) 1.09 AT B A R y - A
ATLAS + CMS (expected) 010 | Too7 Toos  Toos  Toog
ATLAS (measured) 120 %95 | Too fooe  Toos  Toor
ATLAS (expected) 013 | To10 Toos  Toos  Toog
CMS (measured) 097 013 | Tooe Toos ooz oo
CMS (expected) 013 | Tos Toos  Toos  Toos

Combined Measurements of Higgs Boson Couplings



Signal strengths of production processes

Production process | ATLAS+CMS | ATLAS CMS ATLAS and CMS -8- ATLAS+CMS

0.1 0.23 0.18 LHC Run 1 -+ ATLAS
HgsF 1.03 51 1.26 To5 | 084 g — CMS
(—I—O.lé) (+0.21) (+o.zo) L
—0.14 —0.18 —-0.17 —+t1c
e 118 1073 121755 | 114 153 Moo —
+0.24 +0.32 +0.36 :
-0.23 —0.29 —0.34 — ;
Hwh 0.89 {3 1251535 | 046 1537 Hyge -l
(58) | (85)) (%9) B
Hzh 0.79 1536 030 T535 | 135 15 n ——
(82) | (8| (%) " —
Hit 2.3 137 19755 | 29750 e
(+0.5) (+0.7> (+0.9) H ZH > —
—05 —0.7 —0.8 —
@
lJvttH * -
M el
l I I I I I
IIII|IIII|IIII|IIII Lty bt
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* The p-value of the compatibility between Parametor value

the data and the SM predictions is 24%
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Signal strengths of decay channels

ATLAS and CMS ~®- ATLAS+CMS Decay channel | ATLAS+CMS | ATLAS CMS
LHE Run - ATLAS 10.19 1027 1025
-+ CMS ur 1.14 38 1.14 753 L N
— : — s 4018 1026 1023
y : (—0.17 (—0.24 (—0.21
H e T 77 40.26 +0.40 4+0.32
T H 1.29 Zo23 152 75 | 1.04 Zp2g
— : <+0 23 (+o.32 (+0.30
- . )| G G
- 1.09 * 122+ 0.90 102

————— T
H

1T —-l-.——

) ) )
) ) )
T 1 (o) | (193) (*8%8)
) )| ()
) ) )

B +0.29 + 1045
Mbb — ~0.28 ~0.37 ~0.43
e ———
— uu 0.1 +2.5 —0.6 +3.6 0.9 +3.6
|||||||||||||||||||i||||||||||||||||||||||||||||| ]/l _25 _36 _35
-1 -05 0 05 1 15 2 25 3 35 4 (+§§> (+§2) (+3 3)
Parameter value 4 —9.

» The p-value of the compatibility between the data and the SM predictions is 75%
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ATLAS+CMS Run | significance

2017/12/22

Production process

Measured significance (0) Expected significance (¢)

VBF 5.4 4.6
WH 2.4 2.7
ZH 2.3 29
VH 3.5 4.2
ttH 4.4 2.0
Decay channel

H— Tt 5.5 5.0
H — bb 2.6 3.7
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Modifier interpretation

[ ] Kg

13 TeV

Mh[GeV] Ogw[pbl Oy lpb] Oy [pb] Oup[pbl O [pb] Opelpbl OcolPb] Oitlpbl Oacplpbl K2 kikn K2  KKo  Koko K2

124.50 2.40 48.35 -1.76 0.10 -0.22 0.02 0.0009 48.89 4649 1.040 -0.038 0.002 -0.005 0.0004 0.00002
125.00 2.39 48.00 -1.74 0.10 -0.22 0.02  0.0009 48.55 46.16  1.040 -0.038 0.002 -0.005 0.0004 0.00002
125.09 2.39 4794 -1.73 0.10 -0.22 0.02 0.0009 48.50 46.11 1.040 -0.038 0.002 -0.005 0.0004 0.00002
125.50 2.39 4765 -1.72 0.10 -0.22 0.02  0.0009 48.22 4583 1.040 -0.038 0.002 -0.005 0.0004 0.00002

M; [GeV] oww [pb] 0zz [pb] K2 K2 oww [pb] 07z [pb] K2 K2 oww Ozz  K,?2 K2

2
KyBF

120.0 0.993 0.349 0.740 0.260 1.278 0.452 0.739 0.261 3.001 1.091 0.733 0.267
125.0 0.946 0.333 0.740 0.260 1.220 0.432 0.738 0.262 2.882 1.049 0.733 0.267

* Kiy
13 TeV
M [GeV] 02 [fb] 0,2 [fo] owow [fb] of(t-ch) [fb] K2 Kn?2  KiKw
125.00 195.5 265.7 -387.0 74.25 2.633 3.578 -5.211
* Kiyn

13 TeV

M, [GeV] 02 [fb] 02 [fb] owow [fb] o(tHW) [fb] K2 Kp?2  KiKw

125.00 4413 35.056 -64.01 15.17 2909 2310 -4.220
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