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Introduction | UL

® Higgs couplings and mass are important SM parameters

® The mass was the last missing ingredient to the EWK fit

® Both ATLAS and CMS released updated results with the full
runl statistics

® The LHC-HCG is taking care of combining the results of the
2 experiments

® The combined results for the mass are ready v

® Couplings combination is to be released soon (it also depends on
the mass!)

® The full SM Higgs picture will be completed by the results on
spin/parity (K. Liu) and width (M. Calandri)
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Higgs mass measurement

Precise mass determination
possible in 2 channels:

* 4l and Yy

* All other channels have Vv or
hadrons in final state

Comparable results among the
experiments

Lot of work to properly assess/
correlate/quantify all the
systematics in the 2 experiment
in order to combine properly
the likelihoods.

Individual results:

- ATLAS: Phys. Rev. D. 90,
052004 (2014)

« CMS:arXiv: 1412.8662
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Results from the experiments L,HL

® TJo avoid assumptions, three signal

= L B B L B . .
= [ ATLAS and CMS preliminary === ATLAS H—yy 7 strengths are introduced in the fit as
% [ LHCRun1 L eMS Hagr . ] .
S 25 WS H—2z~41 free parameters when combining
= B PP P —— All combine i
:2;) 2:_ X Bestit E ®  gF+eeH, Mver+vH for Yy and P for 4l
@ C N ] (the same in ATLAS and CMS)
C X i
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mYY=125.07+0.25(stat)*0.|4(syst) m4l=125.15+0.37(stat)x0. | 5(syst)
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Compatibility checks | UL
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® myy and my almost on top of each other

® Small difference between the experiments, well below |G
® ATLAS: 125.36+0.37(stat)%0.18(syst) CMS: 125.02+0.27(stat)x0.|5(syst)
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Combined results

| UL
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® Among the most precise parameters of the EWK fit =
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channel dependencies
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Systematic uncertainties | UL

mu=125.09+0.21(stat)+0.11(scale)x0.02(other)+0.01(th) GeV

ATLAS and CMS

preliminary Uncertainty in ATLAS Uncertainty in CMS Uncertainty in LHC
LHC Run 1 combined result combined result combined result

ATLAS ECAL non-linearity / I I
CMS photon non-linearity

Material in front of ECAL ]

ECAL longitudinal response |

ECAL lateral shower shape

Photon energy resolution

reconstruction
Z — ee calibration

CMS electron energy scale & resolution

Muon momentum scale & resolution

TINE

JTTRITITE

1
1

ATLAS H — yy vertex & conversion ]
I
]
1

ATLAS H — yy background modeling

Integrated luminosity

Additional experimental ATLAS CMS Combined
systematic uncertafntfes Observed Observed Observed
Theory uncertainties || [CJExpected | [CJExpected [CJExpected

1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 L1 1 L1 1 L1 1 11
0 0.05 0.1 O 0.05 0.1 0 0.02 0.04 0.06
om, [GeV]

® Measurement dominated by statistical uncertainties

® Systematics dominated by energy/momentum scale corrections
(dominated by the available statistics)
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Measure of the signal strength | UL_

® Measure of the ratio U between the observed/predicted
event rate

® SM kinematics for production and decay

® Disentangle for production mechanism and decay mode in
different channels

H-oy H-2Z2Z H-WW H->1T H-bb H-2Zy H-opp

ATLAS ATLAS ATLAS ATLAS ATLAS ATLAS
CMS CMS CMS CMS CMS  CMS
ATLAS ATLAS ATLAS ATLAS ATLAS ATLAS
CMS CMS CMS CMS CMS  CMS
ATLAS ATLAS ATLAS ATLAS ATLAS

cMs cmMs cms M5 cms  coms  CMS

ATLAS ATLAS ATLAS ATLAS ATLAS
CMS CMS CMS CMS CMS
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Signal strength by decay channel

| UL_

ATLAS-CONF-2015-007
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® No deviations from the SM
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Signal strength by production LL'L

19.7 fo' (8 TeV) + 5.1 b (7 TeV)

i CMS % 68% CL
ATLAS Preliminary 05 OL
Vs=7TeV,4.5-47fp" Vs=8TeV,20.3fb"
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95% CL: _ +0.19 :
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/JVBF=1.23i0.32 —.*7
: +0.38 -
{yy = 0.80 +0.36 ——— W, =0.92]q 5 |~
My = 1.81 £+0.80 5*7 .
: _ +1.08 1
my = 125.36 GeV MttH = 290_ 0.94 :*
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0.5 0 0.5 1 15 2 25 3 TN ST R BT BT B

Parameter value

Parameter value

® Assume SM values for ratios between different branching fractions

® Small I-20 excess in ttH, consistent among the 2 experiments

® Compatible with SM
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Comparison between ggH and VBF | |{{_

Ry = 056052
Rzz+ = 018255
Ruww: = 1472034
Ry =0.81%512
Ry, = 0.337293

+0.43
RCombmed 0. 96 -0.31

ATLAS Preliminary
Vs=7TeV,45-47f" /s=8TeV,20.3f""
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Couplings to fermions and gauge LHL

5 CMS 19.7 fb™ (8 TeV) + 5.1 fb (7 TeV)
. [+ Observed| W &
. . “ o SMHiggs| o <
® For each coupling, introduce a ' A

scale factor k that accounts for h! L / =
deviations from SM (by definition

lki=1 is SM)

® Explore differences between
Yukawa and gauge couplings by
introducing 2 k factors kr and kv

L . L A T | T U7

< : ] _

® Assume SM H width and no 3= o rrev anitn -
additional effects in the loops 2 m, - 12535 cev | E

. . 1 = i

® Sign ambiguity resolved by oF =
interference in YY,tH decays = -

| o | —He g

® Good agreement with the SM 3S/ o -
; -ll-ll?;e?t fit I 95/|CL | :]goml::)]ed -

4704 06 08 1 12 14 16 18
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‘Absolute couplings

19.7 b7 (8 TeV) + 5.1 fo! (7 TeV)
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u[0.80,1.22]

35%CL) |k,| < 2.28

mH_.12536GeV

-2 -156 -1 05 0 05 1 1.5

Parameter value

Assume only SM
particles in loops, no
invisible decays

All results
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Higgs coupling ratios LHL

19.7 fb" (8 TeV) + 5.1 fb" (7 TeV)

: : : . CMS & 68% CL
Fit ratio of couplings Aj=ki/k; in order to . — 95% 0L
: : : : =0.98"11 -
avoid assumptions on ratios of production :
. : . Mz = 0.87°015 -
mechanisms and branching fractions ,
Mgy =1.89700  ——
ATLAS Preliminary A, = 0.59"% 22—----i-
\s=7TeV,4.5-4.7f0" \/s=8TeV,20.3fb™" 0.23 :
edok A, =0.93"1" ——
rrprrrrprrrrpr ety errpr e ,
Kgz=1.18+0.16 * Az =0. 79+813 -
Azg =1.091025 aik Mg = 2. 18+8ig |! II —_'__ IIIIIIIIII T
Awz € [-1.04,-0.81] L - 0O 05 1 1 5 2 2.5 3 3.5
u[0.80, 1.06] .
e L1701 0 5 Parameter value
U[1.03,1.73]
hoz= 0602027 - ® Most general measurement possible within
= 0.99°85 - the k framework
R e . ® We will do better in run2
Ajz=090+0.15 +
w0 A <52 ® No assumptions on particle content in loops
(| | L1 11 | L1 11 | | ; L1 1 Imfl-l =I 1IZ\L-I-)?,I6 |Gev

2T @ No assumptions on BSM decay modes or [T

Parameter value
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Custodial symmetry | UL

19.7 0" (8 TeV) + 5.1 fb' (7 TeV)

° J 10: I I I I | I I I I | I I I I | I I I I :
® |n the SM custodial symmetry C o CMS —obsoved |
prevents deviations from Awz=1 <« 8: Kor K Az o Exp.for SMH |-
N 8F | , E
® No assumptions on other 7 " <
couplings 6 =
5- :
N I I UL I I BN R RAREE I RS 4E -
o 14 ATLAS Prellmlnary [Kgz Mg oz 2 zhztwzhzghanz ] - ]
~ [ \s=7TeV,4547f" .. SM expected _ 3 ]
é 10 Vs=8TeV, 20.3 fb™ —— Observed 7 - , .
< B i oF “ , -
o - ] - \ .
10 . 1F -
8:— s : . : _: O: L L L L | L M?l L L L | L L L L 1
- : : ] 0 0.5 1 15 2
6 -4 & CMS: Awz=0.9410224 5wz
4t s\ i - ATLAS: Awz=0.92%0144 15
o \ / \ / < ® Negative solutions sligthly
_I 11 1 | I I | | [ I“I'VI [ | I I | | | I | | [ ul:l L 1 | | I | | 11 1 I_

Qg g e g e e . disfavoured thanks to tH and
ZH productions

A WZ
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Conclusions | UL

® ATLAS and CMS combined results produced an amazingly
precise Higgs mass measurement mp=125.0910.24 GeV

® Result dominated by statistical uncertainties, will improve in run2

® Measurement of the Higgs boson coupling to the SM particles
show very good agreement with SM expectations within the
current uncertainties

® Only deviation observed so far in ttH production, between | and 20
® Combination of couplings (ongoing) will provide a better picture

® No more room for large deviations from the SM. The study of the
couplings in “rare” production/decays channel is a priority for run2
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BACKUP



Absolute couplings LML

ATEAS.LIEImInay o
® Relaxing the asssumptions, S
e.g. allowing for the BR to ) 5
invisible to float and for the
presence of non-SM particles .
in loops or only keeping the . sl
total Higgs width unmodified ) R S
does not have a huge impact
on the measured couplings " -
® Couplings values are quite N *_
stable (within these e
uncertainties) R el D
B T Bwen PO i o
2 a0 1 2 s

Parameter value
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