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Why measure the mass and couplings?

* m(H) (or A) is a free parameter of o0l -
the SM, but its value has many - fnstability
implications > |
_ 3 150 Z
> Hierarchy problem of the SM g .
. T | t:
> In the absence of new physics, 2 100~ Stability Z
EW vacuum is near a critical = g
point: 10.1007/JHEP08(2012)098 = sl &
* Many reasons to measure it [ -
precisely b
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https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP08%25282012%2529098&v=3300b8d6

Why measure the mass and couplings?

'l: 1__III III|III|III III|III__‘E
° 8 - ~_! Ww E§
5 | =
s
PR s
5 Wl ™ . :
o = f ]
o0 i cC i
> 7))
0% E
I - .
10'3 :
* ' E
7 - N
Illlmlllllll

4
1070 100 120 140 160 180 200

arXiv:1310.8361 My [GeV]
. ?‘fi;{ | e " » « WWant to measure couplings to
v T 1w ~% level to test BSM theories
Decoupling MSSM ~ ~ —0.0013% ~ 1.6% ~ —.4% -
. . . . e 100 MeV unc. in m(H) means
Composite ~ —3% ~—B-9% ~-9% " ]
Top Partner ~ —2% ~ —2% ~ +1% up to 09% UNC. IN BRS

H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida)


https://arxiv.org/pdf/1310.8361.pdf
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M(H) measurement in ATLAS
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H—-ZZ - 48 channel very clean, with clear

references (Z - 2¢,4%)

Kinematic fit of m_, leptons (~15% gain)

Per event mass uncertainties

Main systematic: lepton
energy/momentum scale
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M(H) measurem

ent in ATLAS  ATLAS-CONF-2017-046
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H mass and couplings in CMS and ATLAS

 H-yy channel has good statistics
and mass resolution

e Different S/B and resolution cats.

« Main systematics: photon energy
scale (LAr cell non-linearity and
layer calibration, material)
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Mm(H) measurement in ATLAS  ATtAsconF2017.046

ATLAS Prelimi
(5 = 13 ToV, 36.1 fo" F—— Total Stat. [ Syst

Total  Stat. Syst.

LHC Run 1 ——— 125.09 = 0.24 ( = 0.21 = 0.11) GeV
H—ZZ*—4l : ] | 124.88 + 0.37 ( = 0.37 = 0.05) GeV
H—yy — . 4 125.11+ 0.42 ( + 0.21 = 0.36) GeV
Combined H ; — 124.98 + 0.28 ( = 0.19 = 0.21) GeV
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 | I 1
124 124.5 125 125.5 126 126.5
m,, [GeV]

my = 124.98 4= 0.28 (:20.19 stat. == 0.21 sys.) GeV
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M(H) measurement in CMS

e H-ZZ- 4 channel in CMS uses 3D fit

> m,,, ME discriminant, and per-event
mass uncertainties

» Also includes kinematic fit of Z leptons

> ~8% improvement in 3D fit

No m(Z,) constraint 3D: L{myy, DmaSS,Dlg}{Hg) 2D: L(mye, Drass) 1D L(myy)
Expected mpyg uncertainty change +8.1% +11% +21%
Observed my (GeV) 125.2840.22 125.36+0.24 125.39+0.25
With m(Zq) constraint 3D: L(m/,, DfnaSS,D]gLng) 2D: L(m)),, Dpass)  1D: L(ml),)
Expected my uncertainty change +3.2% +11%
Observed my (GeV) 125.26+0.21 125.30+0.21 125.34+0.23

 Dominant systematic uncertainty comes

from the lepton energy scale

H mass and couplings in CMS and ATLAS
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Events / 2 GeV

JHEP11(2017)047
CMSI | ‘ | ‘ 35A|9 fo! (1|3 TeV)
70_I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I_
: ¢ Data .
60— | H(125) _
- ] qg—2ZZ, zv* ]
L B 9922, Zy*
50:_ B Z+X -

of
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m(H) measurement in CMS THEPLL(2017)047

CMS 359fb (13 Tev)
o S T T
i - : :
a 7t
(q\| -
1 6;—
12% more precise compared 51
to Run 1 ATLAS+CMS a- Ly
combination F—
3 — 2e2u
L —— 4e
2:_ —— Combined
e Combined (stat. only)
1;— -----------------------------------
0:....|....|....|....\

My — 125.26 = 0.21 (::O.QO stat. = 0.08 SyS.) GeV
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Higgs Couplings

mass | =2.4 Me\",’cz =1.275 GeWcz =172.44 Gt=."u’,"i:2 0 =125.09 Ge‘."fu:2
charge | 2/3 2/3 2/3 0 0
spin | 1/2 ‘ 1/2 ‘ 1/2 ‘ 1 0 w
up charm top Higgs \
Uy =48 Mev/ct =95 MeV/c? =4,18 GeV/c? 72
S ST -1/3 -1/3 %
Sy 1/2 1/2
< (7))
2 down strange bottom 8
o
oz
~0.511 MeV/c? ~105.67 MeV/c? ~1,7768 GeV/c’ <L
) i —
1 1 m q
1/2
= O
electron tau 8 n
@)
2 <2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c? (28]
o 0 0 0 Ll
= 12 12 12 O
[ ¥ -
L electron muon tau W boson | =
- neutrino neutrino neutrino G

H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida)



Higgs Couplings
Daniele Marco

Zanzi Peruzzi
(ATLAS)

C

Jason
Nielsen

25.09 Gev/c*

72.44 GeV/c?
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1/2 d -
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own
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(CMS) - @ - @I @
electron tau Z boson
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Higgs Couplings

mass | =2.4 f'vle‘\}’,,’c2 =1.275 GEWCE =172.44 Gt=.'\.-',"<:2 0 =125.09 Ge‘.“jﬁ:2
charge | 2/3 2/3 2/3 0 0
spin | 1/2 ‘ 1/2 ‘ 12 ‘ 1 0 H
up charm top gluon Higgs
Uy =48 Mev/ct =95 MeV/c? =4,18 GeV/c? 0
s /3 -1/3
v @ |- & |- @
<L
3 down strange bottom
=0.511 MeV/c? %105.67 MeV/c? =1.7768 GeV/c?
-1 -1 -1 m
- @ |- @ |- @ <
o
electron tau 8
2 <2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c? (28]
o 0 0 0 m
C @ |- W |- ®
& electron muon tau <
- neutrino neutrino neutrino G
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CMS H->WW CMS-PAS-HIG-16-042

 Total of 30 signal regions
target ggH, VBF, WH, and

ZH prod.
Number of leptons

> Split in number of leptons,

number of jets, and lepton
charge/flavor 2 ’GVIM
e Dedicated tt, Z—- £, and VV )
control regions fit [N“mber O] [WH—) 3/J [ ZH-4] ]

. jets
simultaneously

O jets 2 jets

1 jet

Flavour of Flavour of
lepton pair lepton pair
SF: Same Flavour (ee/uu)  sf DF SF DF
DF: Different Flavour (eu)

ggH-tag || ggH-tag | |ggH-tag ggH-tag] ggH-tag [VBF—tag][VH-tag]
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CMS H-WW CMS-PAS-HIG-16-042

 Total of 30 signal regions CMS Preliminary 35.9 fb" (13 TeV)
target ggH, VBF, WH, and 0-jet ggH-tagged [ETNITIE
e
ZH prOd' 0-jet SF ggH-tagged PPLIREET

.. - |
> Sp“t N number Of IeptOnS, 1-jet ggH-tagged B EEEEE

number of jets, and lepton
1-jet SF ggH-tagged 92.7 events

charge/flavor
] 2-jet ggH-tagged NIRRT

control regions fit et VBF-tagged [ERRTIIC

simultaneously 2-et VH-tagged 19.6 events

3-lepton WH-tagged 5.6 events

4-lepton ZH-tagged 2. 7 events

0 010203040506070809 1
Signal fraction

H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida) 13



CMS H-WW CMS-PAS-HIG-16-042

CMS Preliminary 35.9 fo (13 TeV)
° :
0-jet ggH-tagged BN RN
0-jet SF ggH-tagged PL RN . ggH
1-jet ggH-tagged (] kRN 1E . VBF
> — | mWWH

1-jet SF ggH-tagged 92.7 events . ZH

2-jet ggH-tagged B IERERCE I . lsz
ttH

2-jet VBF-tagged 31.2 events

2-jet VH-tagged 19.6 events '
[ J

3-lepton WH-tagged 5.6 events

4-lepton ZH-tagged 2.7 events

Signal fraction

CMSrreliminary 35.9 fb' (13 TeV) CMSPreliminary 359" (13 TeV)

= 2400 7 I T T T - ' T ‘

= tW and tt ww = tW and tt ww | .

@ 220 lonprom L 4.5 | Non-prom |

o] 200 % gwp pt % g; Q_ ) % gw prompt % g; ! S | g ﬂ al eXtraCted

1 v = Y v . - -
g 128 -~ g;{gs?:matic uncertainty o+ D § 3.5 — g;vgs?:matic uncertainty T+ pae | u S I n g b I n n e d
S 140 S 3 2-jet | templates of

N VBF  different sensitive

100 m—

—— 0'jet eu . — tagged ]

22 ggH tagged W— + E obseryables

" p,,>20 GeV : i - depending on the
% 1'_2%—'% | DR g 14 R _g Category
Sa N I |
60 80 100 120 140 8 50 100 150

mr [GeV] m, [GeV]
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CMS H-WW

0-jet DF ggH tagged
= 1.30

1-jet DF ggH tagged
e
2-jet DF ggH-tagged
n=082 ;‘:

0-jet SF ggH- tagged
p=175 "

1-jet SF ggH- tagged
p=218 M

.97

2-jet VBF-tagged
n=072 ::’:;‘

2-jet YH- tagged

H=392

3-lepton WH-tagged
=220
4-lepton ZH-tagged
weom 2

CMS Preliminary 359 fb™' (13 TeV)

\——
——

——t

H->WW

—— Combination

i, =128 0

1 0

1 11

‘2...3 ...4....5....6
o/0gy

.21
Mo = 1.38 434

u _029 +066

VBF 029 |

+1.88
M vn =327 30

+1.57
Ry =100 ;60

CMS-PAS-HIG-16-042

CMS Preliminary

35.9 fb' (13 TeV)

—— Combination

~ +0.18
(L5 =128 .

H-oWW

sssafssssssssssssssssssssssssssas

5 6

o/ Osm

i =1.28"

0.18
0.17

= 1.28 + 0.10(stat)

+0.11
—0.11

+0.10

(syst) “go7

(theo.)

« Main theoretical uncertainties are ggH cross section and jet bin migration

* Main experimental systematics come from the background rates,
luminosity, and lepton identification efficiencies

H mass and couplings in CMS and ATLAS
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H mass and couplings in CMS and ATLAS
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ATLAS Comb.: Cross Sections

ATLAS-CONF-2017-047

P 1 I U L L L L L L L B
Combination of ZZ and yy decay i ATLAS Prelminary
channels 99 Vs=13TeV, 36.1 fo'

. H—yy and H—ZZ*—4l

e Cross section measurements in the - = My =125.08 GeV, Iy [<2.5
Simplified Template Cross Section | o
(STXS) framework i y

easurement  hed

. . . vH [
> Th. uncs. in SM predictions (blue = Stat. uncertainty
bands) separated from exp. and . Syst. uncertainty |
th. uncs. in measurements ttH —— SM prediction [
N
> For the usual prod. modes... e E S —
Cross section normalized to SM
H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida)
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ATLAS Comb.: Cross Sections

ATLAS-CONF-2017-047

« Combination of ZZ and yy decay - i ”E“  aTLAsPeiminay
channels . e
my, =125.09 GeV, |y, |<2.5
 Cross section measurements in the VBF il
Simplified Template Cross Section ; S,
(STXS) framework VH e — Stat. uncertainty
> Th. uncs. in SM predictions (blue ] i Sy ureerany
ttH |_B_' SM prediction I
bands) separated from exp. and R
th. uncs. in measurements N i 1 23 4 5
Cross section normalized to SM
> ... and also more differentially
8 E om0 ATLAS preliminary e Data
= _ | Vs=13TeV, 36.1 fb" oy |
m B gg—H, 1et !:1_)—7,71/28;?);;52;]4!25 d%quoocgev B SM —
& 10— pl<60Gev M =129 Wyl <= + * —
X — =
s + 0 — -
[ gg—H, = 2-jet _
- SH. 14e Pl < 200 GeV + —
1 m‘efg_ 60 f;gof} f 1 128 (;eV i or VBF-like - gg/aq—FllHlv 99/ag—tH__|
= K;li + gg—H. 1et gg—H, 2 1-jet “T- -
— I —H, 18 H> 200 GeV =
- @ 121 120 < p# < 200 GeV p:qq_)qu | 5
8 P 2200 GeV

H mass and couplings in CMS and ATLAS

Simplified template cross section measurements
Moriond Electroweak 2018

David Sperka (Florida)
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ATLAS Comb.: H|ggs COupIings ATLAS-CONF-2017-047

* Results also interpreted in terms of Higgs couplings using the
leading order inspired “k-framework™ model

» 2D regions found for K, vs. K_, and K, VS. K,

> Assuming no BSM contributions to total width

gﬂ— _I ! I UL I LRI I o UL [ UL | UL I UL ] J I_ ?.. 1 .5_[ 1T 7T I 1T T T I T T 7T I T T T I T T T T I T 1T T I T 1T T 7T I T 1T 7T l_
n *  SM prediction ATLAS Preliminary _ - o ATLAS Preliminary 3

| +  Bestfit p i 1.4 *  SM prediction T

- Ces bl' d 68% CL fs=13Tev. 3610 ] - + Bestfit {s=13TeVv,36.1f0" 3

— ombine Y% " — - .

21 _ H-yyand H—>ZZ"—4] | 1.3 ——68%0CL H—yy and H»ZZ*—41—]

| memeeee Combined 95% GCL — i - _— 7]
N H—yy 68% CL il = Nt s - 1.9 ° my, = 125.09 GeV =

1 5 — === H—ZZ*—4168% CL  .==""= . ] 1 1:_ —:
i . = —

L . 0.9 3

L + - - =

- ] 0.8 r
s 1 o7E =
11 | 11 1 1 | 1l 1 1 1 | | I I | 11 1 | | L1 1 1 | L1 1 1 | L1 1 1 | 1 1 — 11 1 | 1111 | 111 1 | | I I - | | I T | | 111 1 | 11 1 1 I 11 1 —

0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 0.8 0.9 1 1.1 1.2 1.3 1.4 1.

Ky Kg
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CMS Combination CMS-PAS-HIG-17-031

T e Observed * Includes a wide range of H
. e _1oi | .
" o 2 e measurements using the full 2016
T ZZ| g dataset
S Wwi a . . .
ol B « Combined analysis sensitive to 22
Y — out of 25 possible prod. x decay
LL i : . .
o 2L T combinations
> WW| e
;; + o . C,MS. Pfeffmfn?‘z‘ryl |35.‘9 f|:>"1(1|3 TeV)
I 77| .— Y i
= ww . 2r ‘
bb —— I
Y| — I
L . ; |
N ww ; ‘ oL |
bb —o— -
Y| P —e— I
T ZZ| — i _
= ww| —e— .
T i ——
bb....I....I..T.;T...I....I....I....I....I....I.... I i
2 4 0 1 2 3 4 5 6 7 8 osfLliote OHom e e :
uf L [H-zz  [JHoyy ]
' * |:lH—>WW |:|Combinecli |:|1“eg‘°” 2‘”*9“’“
o5 1 15 2
Ky
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Production and Decay Modes

CMS-PAS-HIG-17-031

| =117

+0.10 _ +0.06
—0.10 1.17

—0.06

(stat) 708 (g, th) 7338 (other sys) |

uZZ

].LWW

!.Ltt

CMS Preliminary
359 b (13 TeV)

® Observed

== t+10 (stat.®sys.)
== +10 (SYS.)

— 120

— =y =

1 1.5 2

25

Parameter value

CMS Preliminary
35.9 b (13 TeV)

f—

® Observed

== +1c (stat.®sys.)
= +1G (SYS.)
—+20

~11%

~41%

~26%

0o 05 1 15 2 25 3

35 4
Parameter value

Most precise measurement of gluon fusion, ttH, and total signal strength
(ATLAS+CMS Run 1 combination: . = 1.037) 1§

H mass and couplings in CMS and ATLAS

Moriond Electroweak 2018
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Template Cross Sections CMS-PAS-HIG-17-031

CMS Preliminary 35.9 b (13 TeV)
[ | — e Observed |
Results quoted for = 1 s S seys)
the conventional Q : ’ 20 blatosys)
prOdUCtIOn mOdeS N = __ H+V(qa) éM prediction |
r\Dl:UJ 10E VBF E
> VH Sp“t INto V(RE) ah) H+W(lv) CHAtH
~—
and V(qq) m 1— ’ H+Z(ll/vv) ’ 3
e Th. uncs. in SM T ‘ |
predictions (grey X 1ok Stage 0 Simplified Template Cross Sections .
bands) separated o} F Iy <25
from exp. and th.
uncs. in the oF " -
measurements N ’ WW
* First ever STXS @C o ' 2 3
measurement — 4l * ]
using 5 decay EE ; vy
channels 107" } 3

H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida) 22




Couplings: Resolved Loops CMS-PAS-HIG-17-031

H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida)
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Couplings: Resolved Loops

[l

0000000000,
g t
H H
t ___________
g t
‘0000000000"
CMS Preliminary @ Observed
359 b (13 TeV) — 1 interval
- — 2o interval
——— —*i—
—;*—
——
— — _E__
.
IIIIIIIII|IIIIll\llllll\llllli\llllllII|IIII|IIII
-2 -15-1-050 05 1 15 2 25 3

Parameter value

H mass and couplings in CMS and ATLAS

Ratio to SM

MM
Y
t
Y
AVAVAVAVAVAVAVAVAVAVAV
CMS Preliminary 35.9fb" (13 TeV)
_"l T TrTTT T T T AL t'
1 w2z
107'F E
1072k E

CMS-PAS-HIG-17-031

SM Higgs boson
— [M, €] fit

Moriond Electroweak 2018

ER E
[ J+20
FLol . Lol Lol Ll E
E | T T TTT T T TTTTT T TTTTT T E
S E— - g
L L L Lol Lol Laaaal -
10~ 1 10 10°

Particle mass [GeV]
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Couplings: Effective Loops

CMS-PAS-HIG-17-031

* No assumptions about loop processes (independent parameters)

* Two assumptions about total width: No BSM decays...

CMS Preliminary @ Observed
35.9fb" (13 TeV) == 10 interval
| i — 20 interval
K, —— -
[icw]
K, —do—
<) —
i<, '
lic| e
i, | ———
IIII|IIIIIIIII|IIII|IIIIIIIII|IIIIIIIIIIIIII

H mass and couplings in CMS and ATLAS

1.5 2 25 3
Parameter value

CMS Preliminary

: ® Observed
35917 (13 TeV) | — 10 interval
|K | : — 26 interval
Z '
Ky —
i< —e
o -
|Kb| *
K| —
Binv
Bundet.r_
|||||||||||I|||||||||||||\|I|||I|||||||

0 02 04 06

Moriond Electroweak 2018

08 1 12 14 16 18 2
Parameter value
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Couplings: Effective Loops

CMS-PAS-HIG-17-031

* No assumptions about loop processes (independent parameters)

» Two assumptions about total width: No BSM decays... or K <1

CMS Preliminary @ Observed
35.9 b (13 TeV) == 10 interval
| i — 20 interval
K, — -
[icw]
K, —d—
<) —
[ic, | '
lic| e
i, | ———
IIII|IIIIIIIII|IIII|IIIIIIIII|IIIIIIIIIIIIII

H mass and couplings in CMS and ATLAS

1.5 2 25 3
Parameter value

CMS Preliminary ® Observed
35917 (13 TeV) = 1G interval
)| . e
| s
| ’
ks ———
)| -
K| ————
| -~
B B, <0.22 @ 95% CL
B””det'm E‘.’f’??’f <| O|29| @I 95|% |CL

0 02 04 06

Moriond Electroweak 2018

08 1 12 14 16 18 2
Parameter value
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Constraints on BSM models

CMS Preliminary 35.9 b (13 TeV)
a0 .
c
ha
1
2HDM Type Il
—— Observed 95% CL
Expected 95% CL
» :
058 06 04 02 0 02 04 06 08

cos(p-a)

H mass and couplings in CMS and ATLAS Moriond Electroweak 2018

CMS-PAS-HIG-17-031
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Constraints on BSM models

CMS-PAS-HIG-17-031

CMS Preliminary 35.9fb' (13 TeV) CMS Preliminary 35.9fb" (13 TeV)
@.10 : oo LI | L | L | [N | L
c o
) S |
hMSSM i
—— Observed 95% CL N
----- Expected 95% CL |
10 ~
1 :
2HDM Type I
—— Observed 95% CL i
Expected 95% CL
_1 : Ll 11 | L1 1 | [ | | L1 1
058 06 04 02 0 02 04 06 08 177200 300 400 500 600 700 800 900 1000
cos(p-a) m, (GeV)
H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida) 28



Constraints on BSM models

35.910" (13 TeV)

tanp

40

CMS 95% CL Excluded:
L []Observed WM + 1o Expected
Prelfmlnary ---- Expected + 26 Expected

30}
20}

10F

e T
[ hMSSM scenario ’

CMS-PAS-HIG-17-020

L L | L P L | L L L L | L L L
500 1000 1500

2000

m, (GeV)
Q B T T | T T T ‘ T T T T I T ]
5 ATLAS ATLAS 2015 — Observed
+ " Vs=13Tev,36.1 fb" - - Expected ]
F  hMSSM scenario W+ i1c g
t20

60 H/A — 1t 95% CL limits

¢/
A5

I

9% ﬁ\ w

© JHEP01(2018)055 -

1 I 1
1000

H mass and couplings in CMS and ATLAS

1 | 1
1500
m, [GeV]
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CMS Preliminary

CMS-PAS-HIG-17-031

35.9fb" (13 TeV)

tanp

10

1

hMSSM
— Observed 95% CL N
Expected 95% CL

m, (GeV)
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Higgs Couplings

T I ’;
| WORN
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Higgs Couplings
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ATLAS search for H—)q)v’ oy arXiv:1712.02758

* Look for deviations from SM to constrain light quark couplings
» Search for a resonance in the K*K'y and 1t* 1t y mass distribution

% [ T LI L L N B B B B B BN B BRI % 1000 L I N R RN
S Leol ATLAS A o i ATLAS i
y - \s=13 TeV, 35.6 fo" . 1:; . {s=13 TeV, 32.3 fb" i
(2]
s r ] € 800[— _
[0) - - [ L |
3 200/ 24 + . oL -
B 4 600— =
150_— 7 - N
100 ; + Data 0 400 D
—— Background Fit 1o : —— Background Fit 16
[ Background L 7] Background
50 [ ] B(H—oy)=4.8¢10* 200 [ ] B(H—py)=8.8x10*
B(Z—¢y)=0.9x10° K B(Z—py)=25x10"°
= + ¢ {kﬁ‘+++++++ *4 +++++++++ = 2t UNTT T TR T 440
5 | + ¢ KA + SRR } o 1g+++ A A A A
© . : . . . < 0.8
Q 80 90 100 110 120 130 8 80 90 100 110 120 130
My [GeV] My.y [GEV]
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ATLAS search for H—)(pv’ oy arXiv:1712.02758

» Decay proceeds directly and indirectly, look deviations from SM
» Search for a resonance in the K*K'y and 1t* 1t y mass distribution

> K s > 1000f~ LI I =
O o50l- ATLAS - o i ATLAS i
E 5 \s=13 TeV, 35.6 b i E i \s=13 TeV, 32.3 fb™ ]
5 F ] £ 800 _
Sl fhld . T :
- . 600 _
150~ — - _
- + Data . 400 -
100 - £ Background Fit +1o i = Background Fit £1o
B / - Background L - Background
5014/ [ B(H-ov)-4.8x10* 200 [ ] BH—py)=8.8x10*
y [ BZ—gy)=0.9x10° X [ BZspy)=25¢10°
il = 1.2F
L‘L\“ ; ;_ # ++++++++++++++++++++++++++++++++++++++ + 'i(; 1}++++++++++¢¢¢.¢¢,0¢.m.*’m,*..._.*._’_'u"#nnﬁ_*,«p*
© Uof | . , . . . < 0.8
8 80 a0 100 110 120 130 g 08 80 90 100 110 120 130
My, [GEV] Myry [GEV]
Branching Fraction Limit (95% CL) | Expected | Observed
B(H - ¢y)[ 107] 42718 48 ~208x SM
B(Z — ¢y)[ 1076 ] 1396 | 09 ~87x SM
-4 +4.1
B(H— py)[ 1077 ] 8475, 88 ~52x SM
B(Z — py)[ 107°] 33+ 25 ~597x SM
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Summary

CMS Preliminary 35.9fb" (13 TeV)

tanp

* Precision Higgs measurements are truly
starting to put the SM (and BSM) to the test

hMSSM
— Observed 95% CL h
""" Expected 95% CL

* First combined 13 TeV results shown,
surpassing Run 1 precision in key 10
measurements, e.g. ggH

 With more data, should be able to see the
deviations predicted by many BSM models

CMS Preliminary ® Observed | | |
35.91b" (13 TeV = +1c (stat.®sys.) crc b b b g
(s Tev) e (ars) 177200 300 400 500 600 700 800 900 1000
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uttH ; ~26% — ‘:.16 ) gg—H, > 1jet -
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ATLAS m(H) measurement
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ATLAS m(H) measurement

Events/ 2.5 GeV

Events/ 2.5 GeV

H mass and couplings in CMS and ATLAS
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ATLAS m(H) measurement
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CMS m(H) measurement

CMS Preliminary
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CMS m(H) measurement

CMS 359 fb' (13 TeV) CMS 359 fb' (13 TeV)
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CMS H-WW

Category Subcategory Requirements
mep > 12GeV, pr1 > 25GeV, pr2 > 10(13) GeV for u (e),
preselection : ETisS 5 20 GeV, ptf > 30GeV, pra < 10GeV
electron and muon with opposite charge
ety pra > 20GeV mr > 60GeV, m T > 30 GeV
e u' pry >20GeV subleading lepton py > 20GeV
ute pra >20GeV no jets with pt > 30 GeV
. ] | . ] — . T 1 .} =3 1 » .} 3
0-jet ggH-tagged e’ pra > 20GeV no b-tagged jets with pT{-E;L‘:CLn 20 and 30 GeV
etu™ pra <20GeV mt > 60GeV, mp " > 30GeV
e ut pra <20GeV subleading lepton pt < 20GeV
ute  pra <20GeV no jets with pt > 30 GeV
u-et pra <20GeV no b-tagged jets with pt between 20 and 30 GeV
ety pra > 20GeV mr > 60GeV, m T > 30 GeV
e ut prp >20GeV subleading lepton pr > 20GeV
ute pr2 = 20GeV exactly onejet with pt > 30GeV
L-jet ggH-tagged u-e" pra >20GeV no b-tagged jets with pr > 20 GeV
et~ pra < 20GeV mr > 60GeV, my T > 30 GeV
e ut pra <20GeV subleading lepton pt < 20GeV
ute pra < 20GeV exactly onejet with pt > 30GeV
u-et pra <20GeV no b-tagged jets with pr > 20 GeV
at ll_'alst two jets with pt > 30GeV
Z-j{_‘t gg[—[-tagg{_vd e m.ElZFE-PM > 30GeV and mrt = 60 GeV
no b-tagged jets with pt > 20 GeV
mj < 65GeV or 105GeV < mj; < 400GeV
H mass and couplings in CMS and ATLAS Moriond Electroweak 2018 David Sperka (Florida)
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CMS H-WW

dN/dm, [GeV'|

Data/Expected

dN,/dm, [GeV'

Data/Expected

H mass and couplings in CMS and ATLAS

eu O-jet ggH tagged
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eu 1-jet ggH tagged

CMSPreliminary 35.9 b (13 TeV)
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CMSPreiiminary 3591’ (13 TeV)
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CMS H-WW

eu 2-jet ggH tagged
CMSrreliminary 35.9 b (13 TeV) CMSrreliminary 35.9 fo' (13 TeV)
%J 100 tW and tt ww % ' tW and tt ww
(O] I | Nonprompt I DY 0] | | Nonprompt I DY
— B vvv vz — 100 vy vz
£ vy vy g - mmw vy
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CMS H-WW

eu 2-jet VBF tagged
Category Subcategory Requirements
My > 12GeV, pr1 > 25GeV, pra > 10(13) GeV for pu(e),
preselection - EIiss > 20GeV, ps > 30GeV, pr3 < 10 GeV

electron and muon with opposite charge

2-jet VBF-tagged

eu low mH

exactly two jets with pr > 30GeV
60GeV < mp < 125GeV
leptons 17 between the two leading jets
400 GeV < mjj < 700 GeV and ‘Aﬂ”‘ > 35
no b-tagged jets with pp > 20 GeV

exactly two jets with pr > 30GeV
60GeV < mp < 125GeV
leptons 17 between the two leading jets
mj; > 700 GeV and |A17”‘ >35
no b-tagged jets with pp > 20 GeV

eu 2-jet VH tagged

Category

Subcategory

Requirements

preselection

Mpy > 12 GeV, pT1 > 25 GeV, P12 > 10(13) GeV for y(e)
ETiss > 20 GeV, pif > 30GeV, pr3 < 10GeV
electron and muon with opposite charge

2-jet VH-tagged

eu

at least two jets with pr > 30GeV
two leading jets with || < 2.5
60GeV < mt < 125GeV and ARy < 2
no b-tagged jets with pp > 20 GeV
65GeV < mj; <105GeV and [Ay;;| < 3.5

H mass and couplings in CMS and ATLAS

Moriond Electroweak 2018
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Data/Expected
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CMS H-WW

Same flavor categories

Category

Subcategory

Requirements

preselection

meg > 12GeV, pr1 > 20(25) GeV for u (e), pra > 10(13) GeV for p(e),

track E%"m > 20GeV, pf}g > 30GeV, pr3 < 10GeV
two electrons or two muons with opposite charge

O-jet ggH-tagged

ete” pr2 < 20GeV
utp pra <20GeV

DYMVA > 0.991, myy < 55GeV, mt > 50GeV,
pr2 < 20GeV, Agyp < 1.7
no jets with pp > 30GeV
no b-tagged jets with pr > 20 GeV

ete” pr2 = 20 GeV
utp pra > 20GeV

DYMVA > 0.991, myp < 55GeV, mt > 50GeV,
20GeV < p1p < 50GeV, Agyp < 1.7
no jets with pr > 30GeV
no b-tagged jets with pt > 20 GeV

1-jet ggH-tagged

DYMVA > 0.95, mg < 57 GeV, 50 < mt < 155GeV,
pr1 < 50GeV, Agyy < 1.75
exactly one jet with pr > 30 GeV
no b-tagged jets with pt > 20 GeV

H mass and couplings in CMS and ATLAS

Moriond Electroweak 2018 David Sperka (Florida)
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CMS H-WW

3¢ categories 4¢ categories
- Category Subcategory Requirements
Category SUbCategory Requuements four tight and isolated leptons, with zero total charge
_ min—mg+g- > 12GeV, P11 > 25GeV, pPT2 > 20GeV, pr > 25GeV for the leading lepton
preselection p13 > 15GeV, pry < 10GeV, total lepton charge sum +1 pr > 15GeV for the second leading lepton
p it vV lecti pr > 10GeV for the remaining two leptons
no jets V‘Vlt PT > 30Ge presefection ) additional leptons veto
no b-tagged jets with pp > 20 GeV Z, dilepton mass larger than 4 GeV
QSSF EMiss ~ 50 GeV, min—np+ - < 100GeV X dilepton mass larger than 4 GeV
T Zveto |em;f i |€;g25 Gev e - mz| < 15Gey
3-lepton WH-tagged : e e XSF 10GeV < my < 50GeV
P 58 AP(£0L, Emiss) > 2.2 35GeV < EMSS < 100 GeV
no jets with T > 30GeV 4-lepton ZH-tagged four lepton invariant mass larger than 140 GeV
B . \mu—mzﬂ| < 15GeV
S5SF no b-tagged jets with pr > 20 GeV . 10GeV < mx < 70GeV
Ap(£0L,EP™SS) > 2.5 EMss > 20 GeV
no b-tagged jets with pp > 20 GeV
- -1 - -1
CMSPreliminary 35.9fb" (13 TeV) CMSp~Preliminary 3591 (13 TeV)
[%2] 2]
e +— 3
S 10° Nonprompt ww $ 10 Nonprompt ww
LJ>.I vy vy U}J v vy
B 22 wz B 2Z wz
2 Higgs —+— Data 2 Higgs —+— Data
10 Systematic uncertainty 10 Systematic uncertainty
E
" . .
107 - = =
- 1 B e R T | iy ysE o 1 e (B fEa i A SR ! [ |
£ 14 [ | g 14 ‘ !
g 12 - = g 12 3:
x 15 = x 1 |
Ll | w |
= 08 + E s 08 |
= 06 - 5 06 - ) ;
0 1 2 3 B 0 1 2 4
min A R, min A R,
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CMS H-WW

tt scale factors

DY - 1T scale factors

Final state Category Scale factor Final state Category Scale factor
O-jet ggH-tagged ~ 0.94=0.05 0-jet ggH-tagged  0.94 4 0.06
1jet ggH-tagged ~ 0.94£0.03 1jet ggH-tagged ~ 1.02 4+ 0.05

Different flavor  2-jet ggH-tagged  0.98 £ 0.02 : .
2 Different flavor  2-jet ggH-tagged  0.99 £ 0.09

-jet VH-tagged ~ 0.98 = 0.03 .
2jet VBF-tagged  1.01 0.04 2-jet VH-tagged ~ 0.99£0.13
e flaver | OJet gHtagged  1.03+006 2jet VBI-tagged 1.04+£0.16

1-jet ggH-tagged  0.98 £ 0.02

H mass and couplings in CMS and ATLAS

WW scale factors

Final state Category

Scale factor

O-jet ggH-tagged  1.16 £0.05

1jet ggH-tagged  1.05+0.13

Different flavor 2-et ggH-tagged  0.80 = 0.04
2-jet VH-tagged 0.6 0.6
2-jet VBF-tagged 0.5+05

O-jet geH-tageed  1.13 £ 0.07

Same flavor 1-}et §§H-ta§§ed 1.03 +0.18

Moriond Electroweak 2018

David Sperka (Florida)
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CMS H-WW

Category
0-jet 1-jet O-jet SF 1-jet SF
ggH-tagged ggH-tagged ggH-tagged ggH-tagged

ggH 483.1 (642.1) 269.1 (339.3) 231.2 (324.6) 82.0 (92.8)
VBF 56 (7.4) 22.1  (294) 15 (2.5) 5.9 (9.3)
WH 124  (16.4) 15.8  (20.6) 33  (4.3) 29 (3.8)
ZH 52  (6.9) 50  (6.7) 26 (34 1.4 (1.8)
ttH < 0.1 (<0.1) 0.2 (0.2 < 0.1 (<0.1) <01 (<0.1)
bbH 34 (4.4) 1.5 (20) 17  (2.3) 0.5 (0.7)
Signal 509  (677) 313 (398) 240  (337) 93 (108)
+ total unc. (£ 31) (£ 19) (£ 24) (£ 13)
WW 7850.5 (9087.5) 3553.1 (3727 4) 1596.2 (1805.2) 372.8  (364.5)
top 2505.1 (2421.5) 5394.5 (5224.2) 334.1 (339.3) 452.0  (443.1)
Nonprompt 1554.6 (1006.1) 780.8 (481.8) 301.3 (259.9) 110.8 (96.9)
DY 153.6 (154.3) 283.3 (301.8) 437.3 (459.2) 177.7  (215.6)
VZ/Vy* 367.9 (384.5) 327.1 (337.9) 100.8 (104.0) 42.6 (43.1)
Vo 2129 (210.1) 136.5 (128.0) 231 (25.8) 16.9 (18.7)
Other diboson 51 (5.3 35 (3.7) 93  (94) 2.0 (2.1)
Triboson 9.3 (9.6 16.4 (16.8) 12 (1.2 1.3 (1.3)
Background 12659 (13279) 10495 (10222) 2803  (3004) 1176 (1185)
+ total unc. (£ 141) (£ 178) (£97) (£ 83)
Data 13964 10591 3364 1308
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CMS H-WW

Category
2-jet 2-jet 2-jet 3-lepton 4-lepton
ggH-tagged VBF-tagged VH-tagged WH-tagged ZH-tagged

ggH 80.4 (100.6) 11.6 (14.6) 13.9 (17.4) < 0.1(<0.1) <01 (<0.1)
VBF 10.3  (13.3) 19.2 (24.5) 04 (0.6) < 0.1(<0.1) <01 (<0.1)
WH 72 (9.3 02 (0.2 36 (4.6) 54 (72) <01 (<0.1)
ZH 33  (4.3) < 0.1(<0.1) 15 (21) 0.2 (0.2) 27 (3.5)
ttH 1.6 (2.1) < 0.1(<0.1) 01 (0.2) <0.1(<0.1) <01 (<0.1)
bbH 0.6 (0.7 <01 (0.1) <0.1(<0.1) < 0.1(<0.1) <01 (<0.1)
Signal 103 (130) 31  (40) 20  (25) 56 (74) 27 (3.5)
+ total unc. (£ 16) (£ 3) (£ 3) (£ 0.7) (+£0.3)
WW 1048.3 (860.1) 69.4 (46.0) 52.0 (33.5) < 0.1(<0.1) <01 (<0.1)
top 5196.9 (5186.9) 157.0 (158.3) 2299 (229.2) < 0.1(<0.1) 0.3 (0.3)
Nonprompt 358.8 (305.0) 29.8 (20.0) 415 (37.1) 19.2 (21.2) <01 (<0.1)
DY 110.2 (112.4) 20.4 (18.5) 28.9 (30.0) < 0.1(<0.1) <01 (<0.1)
VZ/V~* 136.0 (137.1) 71 (6.9) 10.5 (10.4) < 0.1(<0.1) <01 (<0.1)
Vo 58.8 (52.6) 28 (2.8) 42 (4.6) 3.8 (9.6) <01 (<0.1)
Other diboson 21 (2.3) 0.3 (0.3) 1.2 (1.3 28.6 (32.8) 12.7  (12.6)
Triboson 15.2 (15.3) 0.3 (0.3) 20 (2.0) 21 (21) 0.4 (0.4)
Background 6926 (6672) 287 (253) 370 (348) 57  (70) 133  (13.3)
+ total unc. (£502) (£ 17) (£ 37) (£7) (£ 0.6)
Data 6802 285 386 85 15
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CMS H-WW
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ATLAS Combination
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ATLAS Combination
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CMS Combination
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CMS Combination
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CMS Combination
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Constraints on benchmark BSM models

CMS Preliminary 35.91b" (13 TeV) CMS Preliminary 35.9fb" (13 TeV)
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Constraints on benchmark BSM models
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Constraints on benchmark BSM models
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SM Compatibility

Parameterisation p-value (gspy) DOF Parameters of interest

Global signal strength 6.12% (3.51) 1 i

Production processes 9.21% (9.46) 5 MggH, HVBE, PwWH, HzH, HuH

Decay modes 43.4% (4.85) 5 uvv, pZZ, gWW T, 4bP

o; - BR' products 50.4% (21.3) 22 Oggn - BR®, 0o -BR™,  0gen -BRYW, 0y - BR™, g -BRT7,
over - BR™, ovgr-BR"YY, ovgr -BR®, ovgr -BR?7, own - BR™,
owr - BR™W, oy -BR™, oy -BRYY, 0z -BR™, 0z -BRVY,
0zi1 - BRY, 0711 -BR77, Gy -BR™, 0wy - BR™YYW,  oiuq - BRZ,
Ot - BRT7, o -BR™

Ratios of ¢ and BR relative to gg —  24.5% (11.5) 9 u%4,, Hver/teet, Hwi/ Meeti, Hzer/Heet, Metn/Megrn, VW /422,

H — 77 st 77 1T ggzz bb zzgg 5 &
Rl S A Ty v

Simplified template cross sections  17.2% (140) 10 oy~ BR™,  over-BR®",  Ouyvigq  BR™,  Cuiww) - BR™,

w1tjlzlzbranch.mg fractions relative to Crtiz sty ww) -BRZZ, ¢ry; - BRZZ, BR™ /BRZ, BR™™ /BRZZ, BRWW /BRZZ,

BR BR)7/BRZZ

Couplings, SM loops 46.9% (5.60) 6 Kz, Kw, K, Kz, Kp, Ky

Couplings vs mass 17.1% (3.54) 2 M.,e

Couplings, BSM loops 57.7% (5.68) 7 Kz, Kw, Kt, K1, Kp, Ky, Kg

Couplings, BSM loops and decays  78.6% (5.53) 9 Kz, Kw, Kt, K1, Kp, K7, Kg, BRiny, BRyndet

including H —inv. channels

Ratios of coupling modifiers 56.7% (5.77) 7Kgz, Awzs Az, Mgy Avzs Arzs Azg

Fermion and vector couplings 16.9% (3.55) 2 Kg, Ky

Fermion and vector couplings, per  63.9% (7.89) 10 x}lib, Kg', xw, KFZZ, K;W, K,}f,b, Ky, x‘{,““'r, K%Z, Jﬁq

decay mode

Up vs down-type couplings 25.5% (4.08) 3 Ava, Adus Kuu

Lepton vs quark couplings 26.5% (3.97) 3 A fqr x‘-.w.,.rq, Kqq
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Run 1 Results:

ATLAS+CMS Combination

ATLAS and CMS 8- ATLAS+CMS ATLAS and CMS -®- ATLAS+CMS
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ATLAS+CMS Combination

CMS Run 2

Production process

ggH VBF WH ZH ttH
Best fit Uncertainty Best fit  Uncertainty Best fit Uncertainty | Bestfit Uncertainty Best fit  Uncertainty
value Stat. Syst. value Stat. Syst. value Stat. Syst. value Stat. Syst. value Stat. Syst.
0.14 0.08 012 0.30 0.24 017 0.58 046 0.34 0.44 0.39 0.20 0.31 0.16 0.26
1.23 1L0.‘13 1L0.08 1L0.]0 0.73 t0.27 1L0.23 1L0.‘15 2.18 1L0.55 1L0.45 1L0.32 0.87 1L0.42 1L0.38 1L0.‘18 118 t0.27 1L0.‘16 1L0.2‘1
0.11 0.07 0.09 0.29 0.24 0.16 0.53 0.43 0.30 0.42 0.38 0.19 0.28 0.16 023
t0.11) (to_(}?) (to.(}s) (to_y) (to_za) (tO.]S) (io_slj (i0.42) (to.zg) (io 1) (t0.37) (tm?) (to_zs) (to_lsj (tO.ZO)
Decay mode
H — bb H— Tt H— WW H— Z7 H— vy
Best fit Uncertainty Best fit  Uncertainty Best fit Uncertainty | Bestfit Uncertainty Best fit  Uncertainty
value Stat. Syst. value Stat. Syst. value Stat. Syst. value Stat. Syst. value Stat. Syst.
0.29 0.19 0.22 0.26 0.15 021 0.17 0.09 0.14 0.19 0.16 0.10 0.17 0.12 0.12
112 T35 Tore oo 102 Tony Tois Tofe [128 ot Tooe Zoas 106 Toiz Tois Toos 120 o Toni o9
(.28 0.19 0.21 0.24 0.15 0.19 0.14 0.09 0.11 0.18 0.15 0.10 0.14 0.10 0.09
tO.Z? (fD.lS) (tO.ZO) (t023) (f0.14) (f0.17) (tG.IB) (togg) (fD.]D) tD.]é) (f0.14) (t0.0S) (t[}.]z) (f[}.](}) (t0.0T)
ATLAS+CMS Run 1
Production process | ATLAS+CMS | ATLAS CMS Decay channel | ATLAS+CMS | ATLAS CMS
YY 1.14 +0.19 1.14 +0.27 1.11 +0.25
103 +0.16 126 +0.23 084 +0.18 M _0.18 025 _0.23
HggF -0.14 -0.20 -0.16 (+O.18) (+0.26) (+0.23)
(+O. 16) (+0.21 ) (+O.20) -0.17 -0.24 -0.21
-0.14 -0.18 -0.17
025 033 o3 uet 129 1032 1527057 | 104105
HVBF 1.18 753 1.21 %55 | 1.14 703 (+0.23) (+0.32) (+0.30)
: : i -0.20 -0.27 -0.25
(+0.24) (+0.32) (+0.36)
-0.23 -0.29 ~0.34 uv 1.09 118 1227937 | 0.90 *53;
+0.40 +0.56 +0.57 +0.16 +0.21 +0.23
HWH 0.89 038 1.25 052 0.46 —0.53 (_0.15) (_0.20) (-0.20)
+0.41 +0.56 +0.60 ™ +0.24 +0.40 +0.30
(*0%) (%039 (*0%) H HH oz 141 203 | 085 -0
+0. +0. +0.
uzn 0.79 038 0.30 1031 | 1.35 1058 " (;ﬁii) (_3'33) (‘3'3:'2)
- - - . +0. +0.
(+0.39) (+0.55) (+0.55) M 0.70 2557 0.62753, | 081755
-0.36 -0.51 -0.51 (+g_%g) (+3.§g) (+g.j§)
5 3 +0.7 1.9 08 2.9 +L0 o o o
HitH 2 -06 7 07 7 -0.9 [ 0.1 23 ~0.613¢ | 09139
+0-5) (+0-7) (+0-9) 124 136 133
(—0.5 -0.7 -0.8 (—2.3) (—3.6) (73.2)
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Run 1 Results:

ATLAS+CMS Combination

ATLAS and CMS :ﬂti?cms
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Run 1 Results:

ATLAS+CMS Combination

ATLAS and CMS — 10
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ATLAS+CMS Combination

CMS Run 2
BRiny, — 0
Uncertainty

Parameter Best fit Stat. Syst.
+0.11 +0.09 +0.06

Kz 0.99 Tom1 —0.09 —0.06
—-0.11 —0.00 —0.06

+0.13 +0.10 +0.08

Kw 112 -0.19 —0.18 —0.07
—-012 —0.00 —0.07

+0.14 +0.08 +0.12

Kt 1.09 Tg1i —0.08 —-0.12
+0.14 +0.08 +0.12
(—0.15) (—0.0‘9) (—0.12}

+0.17 +0.11 +0.12

- 1.01 Tg1g —0.15 —0.08
T (+0.1e. (+0.11 (+0.11
—0.15) —0.11) —0.11}

+0.27 +0.19 +0.19

" 1.10 T35 030 —0.14
b +025 +019 +0.17
(—0.23) (—D.l?) (—0.15}

+0.15 +0.10 +0.11

% 1.14 —0.13 —0.09 —0.09
8 (+'D.1-1- (+'D.10 (+'D.10
—0.12) —0.09 ) —0.09 }

+0.15 +0.10 +0.11

" 1.07 “g1s —0.17 —0.07
T (+0.12 (+0.1o (+0.0?
—0.12) —0.10) —D.D?}

H mass and couplings in CMS and ATLAS

ATLAS+CMS Run 1
Parameter | ATLAS+CMS ATLAS+CMS ATLAS CMS
Measured Expected uncertainty Measured Measured
Parameterisation assuming Bgsy = 0
Kz -0.98 1.01 -0.99
[-1.08,-0.88]u | [-1.01,—0.87]Ju | [-1.09,-0.85]U | [—1.14,-0.84]U
[0.94,1.13] [0.89,1.11] [0.87,1.15] [0.94,1.19]
Ky 0.87 0.92 0.84
[0.78,1.00] [-1.08,-0.90]u [-0.94, -0.85]U | [-0.99, -0.74]U
[0.88,1.11] [0.78,1.05] [0.71,1.01]
0.24 0.26 0.31 0.33
ki 1.40%55] “039 1.32%55 151755
0.15 0.16 0.19 0.18
kel 0.84%5 13 Z01s 0.97%5 19 0.77%5 15
0.27 0.25 0.26 0.34
k| 0.49775 “028 061753 047257
0.13 0.17 0.18 0.14
Ik 0.78%) 1 014 0947517 0672513
0.14 0.12 0.15 0.19
Iy 0-872 509 013 0.8873 08975 13
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Run 1 Results:

ATLAS+CMS Combination

CMS Run 2

BRipy, > 0, xv < 1

Uncertainty
Parameter Best fit Stat. Syst.
+0.00 +0.07 +0.05
X 0.89 T8 —0.07 —0.04
Z (+0.00) (+0.00} (+0m)
—0.11 —0.09 —0.06
+0.00 +0.00 +0.00
X 1.00 T505 —0.04 —0.02
w (+000)  (+000)  (+000)
-0.12 —0.09 007
+0.17 +0.09 +0.14
xt 112 7548 —0.09 -0.13
(+0_13) (+°-13} (+o_1z)
—0.15 —0.09 012
+0.13 +0.08 +0.11
« 091 Ty33 —0.08 ~0.10
T (+0_14 (+0.09 (+0.11
“01s) “o11) “o11)
+0.19 +0.12 +0.14
" 091 Ty —0.11 —0.11
b +0.18 1013 1013
(To23)  (Corz)  (Coas)
+0.18 +0.11 +0.14
X 117 Zh14 —0.10 —0.11
8 (+D.1? (+'D.13 (+D.10
To12) “009) “009)
+0.09 +0.06 +007
X 0.96 Zyos —0.06 —0.05
T (+0.03) (+“-‘3’7} (+0.05 )
-0.12 —0.09 —007
+0.09 +0.03 +0.08
BRin 0.04 Ty0 —0.03 —0.00
inv. (+0.03) (+0.04} (+0.07)
+0.00 —0.00 —0.00
+0.00 +0.08 +0.03
BR 0.00 To00 —0.00 —0.00
undet. (+0.20) (+0-17} (+0.11 )
+0.00 —0.00 —0.00

H mass and couplings in CMS and ATLAS

ATLAS+CMS Run 1

Parameter | ATLAS+CMS ATLAS+CMS ATLAS CMS
Measured Expected uncertainty Measured Measured
Parameterisation assuming |ky| < 1 and Bggy > 0
Kz 1.00 1.00 -1.00
[0.92, 1.00] [-1.00,-0.89]uU [-0.97,-0.94]U | [-1.00,-0.84]U
[0.89,1.00] [0.86,1.00] [0.90, 1.00]
Kw 0.90 0.92 -0.84
[0.81,0.99] [-1.00,-0.90]u [-0.88,-0.84]U | [-1.00,-0.71]U
[0.89, 1.00] [0.79,1.00] [0.76,0.98]
0.23 0.27 0.35 0.42
Kt 143755 032 1317533 145703
e 0.870 11 s 097503 0.7975:76
+0.16 +0.19 +0.24 +0.26
I 0.572016 ~0.23 061755 049757
ks 081715 o4 0947515 0.69773
0.10 0.10 0.15 0.17
Kyl 0'901L0,09 io‘ 12 O'S?io, 14 0'89t0, 13
BBSM 0-00+{]. 16 +0.19 0-00+0.25 0-03+0.26
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Run 1 Results:

ATLAS+CMS Combination

ATLAS and CMS
LHC Run 1

I
+

-&- ATLAS+CMS
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— 1o interval
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i

H mass and couplings in CMS and ATLAS
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2 3
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ATLAS and CMS
LHC Run 1
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Run 1 Results:

ATLAS+CMS Combination

CMS Run 2
Parameter
Kw Kz Kt Kp Kt Ku
Best fit  Uncertainty | Bestfit Uncertainty | Bestfit Uncertainty Best fit Uncertainty | Best fit Uncertainty | Bestfit Uncertainty
value Stat. Syst. value  Stat. Syst. | wvalue  Stat. Syst. value Stat. Syst. | value Stat. Syst. value Stat. Syst.
Lo o7 Tote Tom (099 o1 Tol Toor (111 Toni oy Toos (110 o3 Tofe Tow 101 Tox o To1p (082 5% o Tow
(“o10) Coos) Cose)l  Com) Cog) Caoe)| (Cora) Coaw) (o)l (o2) Cans) Cone)| (Cors) Cong) Coan)l (an) (o) Coat)
ATLAS+CMS Run 1
Parameter | ATLAS+CMS ATLAS+CMS ATLAS CMS
Measured Expected uncertainty Measured Measured
Kz 1.00 0.98 1.03
[-1.05,-0.86]U | [~1.00,-0.88]U | [-1.07,-0.83]U | [~1.11,-0.83]U
[0.90, 1.11] [0.90, 1.10] [0.84,1.12] [0.87,1.19]
0.10 +0.10 0.12 0.14
Kw 091715 o1l 0.91% 15 0.92% 13
0.15 +0.15 0.21 0.20
K 0.877 12 T 0.98" % 0.777 1%
e 090015 o 09970 0.83753)
Kb 0.67 0.64 0.71
[-0.73, -0.47]u [-1.24, -0.76]u [-0.89,-0.33]u | [-0.91,-0.40]U
[0.40, 0.89] [0.74, 1.24] [0.30,0.94] [0.35, 1.04]
|K,u| 02+12 +0.9 0.0+14 05+14

H mass and couplings in CMS and ATLAS
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Run 1 Results:

ATLAS+CMS Combination

ATLAS and CMS @ ATLAS+CMS
LHC Run 1
| . ¥ ATLAS
- CMS
7\’ - _.‘._ — 10 interval
du ——— —-v-— — 20 interval
e —— __lb_
A -
Vu ——
e
_I*_
K !
uu e ——
_+;__
1 1 1 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
—2 —1 0 1 2 3 4

H mass and couplings in CMS and ATLAS

Parameter value
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Iq|

qq
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ATLAS and CMS @ ATLAS+CMS
LHC Run 1
. _ ¥ ATLAS
—-CMS
——v—— —+206
;t
_:*_
4_?_7
—
—*:—
%
———
1 1 1 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
0.5 1 1.5 2 2.5 3
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