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Outline

- Higgs boson mass measurement = Completing the SM predictions

- Experimental inputs and combination procedure

- Most generic parametrisation

- Signal strengths for the production and decay modes

- Measurement of the coupling modifiers

- Up/down-type fermion and lepton/quark asymmetries

- Effective scaling factors and constrains on BR for BSM decay modes

- Conclusions
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Measurement of the Higgs boson mass

-+ Higgs mass is the only parameter unconstrained by SM
- Crucial in SM prediction of production and decay modes

- Measurement based on H—=/ZZ*—4| and H—yy final states, for which
Invariant mass can be reconstructed with high precision

19.71'(8 TeV) + 5.1 o' (7 TeV)
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https://arxiv.org/abs/1406.3827
https://arxiv.org/abs/1407.0558

Phys. Rev. Lett. 114, 191803 (2015)

Measurement of the Higgs boson mass

Mass of Higgs boson measured with <0.2% precision

MH =125.09 + 0.24 GeV [ £0.21 (stat.) £0.11(syst.) ]

Dominant systematics: energy or momentum scale and resolution for y,e,u

ATLAS+CMS yy+4l

1 L 1 1 l 1 1 1

I 1 1 1 l 1 1 1 1 I I ] L ] I 1 1 1 1 l 1 ) ] ] I I 1 1 1 I 1 1 1 ) I I )

ATLAS and CMS —e— Total Stat. 1 Syst.

LHC Run 1 Total Stat. Syst.
ATLAS H—yy —t—— 126.02 = 0.51 ( = 0.43 = 0.27) GeV
CMS H—yy p——— 12470 + 0.34 ( = 0.31+ 0.15) GeV
ATLAS H—2Z -4l I - i 12451+ 0.52 ( = 0.52 = 0.04) GeV
CMS H—2Z -4l —— 125.59 + 0.45 ( = 0.42 = 0.17) GeV
ATLAS+CMS yy I-—EI-I 125.07 + 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 4] P—}E—i 125.15 = 0.40 ( = 0.37 = 0.15) GeV

== 125.09 + 0.24(+0.21 £ 0.11)GeV
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http://arxiv.org/abs/1503.07589

Knowing the mass....

- SM predictions for production mode cross sections and
decay BR fully determined

CERN-2013-004, FERMILAB-CONF-13-667-T
,ac” 12509 GV ) /125 09 GeV

\s=8 TeV
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- Combining measurements and searchers by ATLAS and CMS
collaborations published in 17 individual publications
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https://arxiv.org/abs/1307.1347

JHEP 08 (2016) 045

Analysis - Measurements in ATLAS and CMS

Integrated luminosities per experiment:~5 fb_ at Js =7 TeV ~20 fb ' at s = 8 TeV

Why combining?

Doubling statistical power in measuring the Higgs boson production and decay rates
Checks for tensions between experiments that are supposed to probe the same particle

Channel References for Signal strength [u] Signal significance (o]
individual publications from results in this paper (Section 5.2)
ATLAS CMS ATLAS CMS ATLAS CMS
H - yy [91] 921 114737 L1193 5.0 5.6
(83  (83) w@e (5.1)
H—ZZ (93] (94] 1.52%04%  1.04 7032 7.6 7.0
(03)  (%%) 68 68
H— WW [95,96] 971 122793 09003 6.8 4.8
(53)  (%5) &9 (5.6)
H-r1r (98] (991 1417040  0.88 030 4.4 34
(53)  (8%) 6» 67
H - bb [100] (101]  0.627%37  0.8170%4 1.7 2.0
(33)  (88) @7 (2.5)
H - up [102] [103] -0.6 3¢ 0.9 3¢
(38 (5
ttH production  [77,104,105] [107) 19708 29409 2.7 3.6
(:59) (63) e (1.3)

HiggsHunting2016 - Paris - P. Francavilla

off-shell analyses not in combination

H—yy
H—ZZ—4 &
H—WW— 212y Q
H—TT O
H—bb
H—pp O
H—Zy
H—inv

_\ Untagged  VBF
v,

0000

N7

in ATI_LAS¢«combination

in CMS combination

overwhelming multijet BKG

not yet in combination

extremely low o; x BH



http://arxiv.org/abs/1606.02266

From single channel, to combined results

To enhance the sensitivity, the experimental analysis uses
event categories(k) also based on multi variate techniques

Sensitivity to different production modes

2

nsignal(k) = LK) - > > {ori |4 (k) - £] (k) - B/
i f S

nclusive SM cross-section
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q
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SM Predictions
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From single channel, to combined results

- o enhance the sensitivity, the experimental analysis uses
event categories(k) also based on multi variate techniques

- Sensitivity to different production modes

nsignaik) = LK) - ) > Nori- ALY K) - 8] (k) - B
i f Samas
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From single channel, to combined results

To enhance the sensitivity, the experimental analysis uses
event categories(k) also based on multi variate techniques

Sensitivity to different production modes

nsignal(k) = L(k) - Z Z {U'i '
i f

AT (k) - €] (k)

B}

Acceptances and

efficiencies, from MC

assuming SM

HiggsHunting2016 - Paris - P. Francavilla

Production Event generator
process ATLAS CMS

ggF PowneG [79-83] PowHEG
VBF POWHEG POWHEG
WH PyTHIAS [84] PyTHIAG.4 [85]
ZH (qq — ZH or qg — ZH) PYTHIAS PyTHIAG.4
g9ZH (99 — ZH) POWHEG See text
1itH PowHEL [87] PyTHIAG.4
tHq (gb — tHq) MADGRAPH [89] AMC@NLO [78]
tHW (gb — tHW) AMC@NLO AMC@NLO
bbH PYTHIAS PyTHiA6.4, AMC@NLO




From single channel, to combined results

To enhance the sensitivity, the experimental analysis uses
event categories(k) also based on multi variate techniques

Sensitivity to different production modes

nsignal(k) = L(k) LL oi- ATV (k) - €] (k) - B

CMS

-*- data
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\Example ttH, H—multilepton

Higgs boson decay mode
Category WW* 1 ZZ* Other

200Thad 80% 15% 3% 2%

3¢ 4% 15% 1% 4%
21 Maa  35% 62% 2% 1%
4¢ 69% 14% 14% 4%
1027haa 4%  93% 0% 3%

Physics Letters B 749 (2015) 519-541 10


https://arxiv.org/pdf/1506.05988v2.pdf
https://arxiv.org/pdf/1312.1129v2.pdf

From single channel, to combined results

- o enhance the sensitivity, the experimental analysis uses
event categories(k) also based on multi variate techniques

- Sensitivity to different production modes

nsga®) = L6+ ) ) fori A7 k) - 1) B
i f

Full combination: ~600 signal regions & control regions
Grand total of ~4200 nuisance parameters:

related to (systematic) uncertainties
Correlation scheme: strategy of nuisance parameters a
delicate and complicated task (would deserve a separate talk)

HiggsHunting2016 - Paris - P. Francavilla
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From single channel, to combined results

- o enhance the sensitivity, the experimental analysis uses
event categories(k) also based on multi variate techniques

- Sensitivity to different production modes

nsignal(k) = LK) - > > {ori- ATV (K) - £] (k) - B
i f

- What to measure?

- To reduce as much as possible the assumptions on the
SM nature of the Higgs boson, we can measure o; B'.
SM assumption only on A € and oi(7TeV)/ci(8TeV)

HiggsHunting2016 - Paris - P. Francavilla 12



Cross Sections times

Sranching

Ratios

ZH WH  VBF  ggF

ttH

ATLAS and CMS -e- Observed t1o
LHC Run 1 0 Th. uncert.
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- ggF VS VBF (in 2-jet selections)
or WH VS ZH (V—=hadrons) in H=vyy;

and decay modes:

- 1 VS WWin ttH (in multileptons)

ttH .
oxB

b YY WW TT bb Yy WW T bb

- As expected, correlations due to signal mix of
production modes in the analysis categories:
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Ratios of production Cross Sections and BR

* Measuring ratios of production cross sections and BR

s ana cws Tt oi \ (B’
LAe Rt +CMS 0',--Bf=0'(gg—>H—>ZZ)- N
o(gg—H-22) B @ T Oggr ) \B#
B —-—— Th tncert * No additional SM assumption on these measurements
Oyue/ O ——
VBF ~ggF B —-b_r - . p-value(SI\/I) =16% (~10)
O O .—g:—'
o'ZI‘/O.ggF - ® a—

otlHj 0’ggF

.—*
BYW/B# —_—
+

- ZZ ;
B"/B p—— ——a-
B*/BZ e sl
Bb/BZZ _._,_"‘—

lllllllll]llllllllllllllllllllllll

-1 0 1 2 3 4 5 6
Parameter value norm. to SM prediction

HiggsHunting2016 - Paris - P. Francavilla 14



ATLAS and CMS :ﬂﬁ*c"‘s
_LHC Run 1 | - CMS
L -—t+1o
o(gg—H-22) == Tix
- : Th. uncert.
.
0.VBFlo.ggF _-!.:—T

o.ZI-/O.ggF

ottHI o'ggF

.—*
BYW/B# —_—
+

B‘!Y/BZZ

B™/BZZ _“_‘2:_
bb —lp——— é
B®°/B% ——

lllllllll]llllllllllllllllllllllll

-1 0 1 2 3 4 5 6
Parameter value norm. to SM prediction
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Ratios of production Cross Sections and BR

Measuring ratios of production cross sections andeR
o B

o;-B =099 > H— ZZ) - — - 77

. . TggF) \B

No additional SM assumption on these measurements

p-value(SM) = 16% (~10)

Oz14/Oggr ~3, Mainly due to ZH, H = WW

15



Ratios of production Cross Sections and BR

Measuring ratios of production cross sections and BR

ATLAS and CMS “S-ATLASHCMS f
- ATLAS g; B
| LHC Run 1 | +C1MS g Bf — o'(gg - H - ZZ) . l N ﬁ
I —f o T gaF
o(gg—oH—Z2) i +1**— —;ﬁf’uncen. * No additional SM assumption on thesegr%easurements
OVBFIoggF —-S._——-'-.__
i = - p-value(SM) = 16% (~10)
Oy Toqr —
— " Oz/Oggr ~3, Mainly due to ZH, H = WW
o.Zl'/c’ggF = —
= . " O/ Oggr ~30 excess with respect to SM
Oy Oger - - due to ttH, H — multi lepton: WW/tT/(Z2)

I
BYW/BZ2 ==
+

TY 27 ;
B"/B p—— ——a-
BY/BZZ -
BbY/BZZ _._,_"‘—

lllllllll]llllllllllllllllllllllll

-1 0 1 2 3 4 5 6
Parameter value norm. to SM prediction
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Ratios of production Cross Sections and BR

Measuring ratios of production cross sections and BR

ATLAS and CMS e OMS o B/
LHC Run 1 .. B f — H 7 l
- ‘ -.-C1MS o = J(gg SN N Z) . | 5%
§ —_
o(gg-H-22) y S N . Oggr) \B
B —— Th. uncert. * No additional SM assumption on these measurements
[e) F/o' ———
V8 F s e
L .- - p-value(SM) = 16% (~10)
Ound Ogor |~ e .
— : " Oz/Oggr ~3, Mainly due to ZH, H = WW
o.ZI-/O.ggF ——l—i et
— . O/ Oggr ~30 excess with respect to SM
(e) . .
f Togr - . due to ttH, H = multi lepton: WW/Tt/(Z2)
: 10 T T r T
BWW/BZZ - . § E ATLAS and CMS 102 a0 a0, 6,00, 0,00,
- . High ZH, H = WW | o °F LHC Run 1 B8 6, 8, 8
' . . — Qbservod
i - High ttH, H = multi lept i |
- : Low ZH, H — bb of |
B/B% s contribute to... 5 f
- . ab .
- bb 77 : -
B™/B# i . 3 ‘
Ll 1.l l Ll 11 1 Ll 1l I LA 1.l l L1 11l l L1 11 I 11 1l B ./B. 2% ..... —.j
-1 0 1 2 3 4 5 6 deficit ~ 2.50 3 g :
Parameter value norm. to SM prediction 0 '1?:,‘ ; :

with respect to SM

B™/B% norm. to SM prediction

HiggsHunting2016 - Paris - P. Francavilla 17



m - +
M| R A
> L . oS
. - t10
| § llggF : — 420
Signal strengths A F
E p‘VBF —-.-——
. w
Measurements of signal strengths p for each o —
. WM .
production mode and for each decay mode by =
fixing the relative B' or the oi to the SM prediction. > #TT—=
7)) 4 -
nsignat(k) = LK) - ) Y- ! (o™ - AT @) - €] () - BY, < —
i >
Production process Measured significance (o) Expected significance (o) ARTOPTRP IO PO PPN AR AR O
-1—050 051152253354
VBF 4.6 ([) Parameter value
WH g 2.7
ZH 2.3 2.9 >é ATLAR s GRIG * ATANGHS
VH 3.5 4.2 O i | - cus
ttH 4.4 2.0 O S .z
Decay channel =) .
O :
H—-TT 5.0 O u# T
H — bb 2.6 o+
S ww =
- By fixing all the B" and oi to the SM prediction, W r
\ . ®)) uﬁ —t——
and allowing for only one global signal strength, & | T
one gets: E o ——m
=1. 09+8 i(l) -1 09+O o (stat) +0.04 (expt) +g 8% (thbgd)+007 (thSlg) ﬁ -1 05 0 05 1 15 2 2'.;'8:‘6‘8?\,58“:
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ogg/

. BS
l rH
Coupling modifiers &=cy/e™M or &=DIT,
* Information on Higgs couplings with the other particles using the kK framework
SM j
* 0 jandlgy, are calculated using the status of art theoretical SM predictions
* recovered with k=1
- NLO QCD corrections essentially factorise with respect to k rescaling,
used where there is a non-trivial relationship between k and oi
Example: ggF—H - WW (or ZZ)
Effective K Resolving the loop, assuming only SM
IJH Z r’ll Z
______ ,H\< Or / ’u\<
gq,(s/f\:r) Fwz= Kz Ty ASM) Ogor= (1.06 K2 + 0.01K,2 -0.07K,K) OoelSM)  Tyyz= K2y 2 My ASM)
and r|_| !
Option 1: assume only SM decay modes “H = < SM '
SM
Option2: allow for an additional branching fractions in BSM 21 sw; i

HiggsHunting2016 - Paris - P. Francavilla ] - BBSM 19



ATLAS and CMS @ ATLAS+CMS
' ' LHC Run 1 - ATLAS
Resolving the loops and assuming | o
: — 1o interval
' ' ] K — -~ — 2cinterval
coupling with only SM particles o= =
Wl =£
* Interferences help to resolve the sign (NB: K and K -
- o fi K ~oi-
- NB: in this fit model, low measured value of kb ‘ =
reduces total width 'y => all K, measured low i ot
t —
Resolved —
Production Loops Interference scaling factor X ———
o(ggF) v (" t-b \ 1.06 - &7 +0.01 - &3 = 0.07 - kx5 v @
o(VBF) - - 0.74 - &3, +0.26 - & =
e N I 4 il ~—
o(qq/q9 — ZH) - - 2 H — :
orlgg — ZH) v 2 | 227240372 - 1.64 k2 e e e
o(tH) - - K ~ Parameter value
al(gh — tHW) - -W 1.84 &7 + 1.57 - &3, = 2.41 - kyxw I N E—
ao(qq/qb — tHg) - W 3.40 - &7 +3.56 - &3, ~ 5.96 - kxw €|: 5 ATLAS and C z , 3
o(bbH) _ _ KZ ,_s_f_ : LHC Run1 :
Partial decay width o :
1% - N g> 107 :
v - - 2, w | :
m v -W 1.59 - k2, + 0.07 - &2 = 0.66 - kwx; b
™ - - | 2 10°%F b
il ) ) % b § ATLAS+CMS |
i B N/ "i ....... SM Hiaas bo
Total width (BBSM =0) 10 3 Er B — [M. E] f?tgs =on E
0.57 & )} 0.22 - &3, + 0.09 - i3+ ; I 68% CL
Tn v - 0.06 - k7 +0.03 - x5, + 0.03 - &2+ [ ]95% CL
0.0023 - &2 + 0.0016 - &%, + 107 4 PP
ol el o 1 Par1t?cle mass1[0(233V]
HiggsHunting2016 - Paris - P. Francavilla 20




Fermions and bosons

Testing the intrinsic difference
between couplings to

W/Z: EW Symmetry Breaking
Kz = Kw = Ky

fermions: Yukawa couplings
Ki = Kr = Kp = KF

Sensitivity to the relative sign
between Ky and Kg through
Interference terms

Large asymmetry between the
positive and negative coupling
ratios for H—=yy

7 t-W 1.59 - k3, + 0.07 - &7 — 0.66 - kwk;

HiggsHunting2016 - Paris - P. Francavilla

ATLAS and CMS
2FL HC Run 1

1“ ——— 68% CL
p— © 95% CL

+ Bestfi | [ —
% SM expected o

i | —
- g -

- =
1k il
o B

-

[ DCombined [:]H—wy
ol [Hszz  [JHoww
:DH—rln ] !H—)blb
o0 05

Fits on individual channels have slight
preference for negative Kg

Combined result converges to positive Kg

21



Asymmetries in Higgs couplings

up/down-type fermion and
epton/quark asymmetries

- between up-type and down-type fermion

- between lepton and quark

predicted by several BSM physics models (notably 2HDM)

Parameterise model in terms of ratios of coupling strength

modifiers
/ldu = Kyq / Ky
/qu = KV/Ku
K = Ky Ku/KH .

HiggsHunting2016 - Paris - P. Francavilla

/l[q _— K[/Kq
/{Vq = KV/Kq
Kegg = Kg- Kq/KH

ATLAS and CMS
LHC Run 1

@ ATLAS+CMS
F-ATLAS

& CMS

—tlo

—+20

2 2.5 3
Parameter value

ATLAS and CMS
LHC Run 1

- ATLAS+CMS
F-ATLAS

- CMS

~= 1o interval

— 2¢ interval

2 3 4
Parameter value
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—ffective couplings and
BSM BR

- What if we have new
particles in the loops”?

- Specific fit not resolving the

loops, but use effective
couplings kg and Ky

HiggsHunting2016 - Paris - P. Francavilla

H

Effective
Production Loops Interference scaling factor
o(ggF) v t-b K
Partial decay width
7 v -W s

Fix all tree-level Higgs couplings to SM
(Kw,Kz,Kb, Kt,KU,KT— ) and Besm=0

1 T

o . o[ ATLAS and CMS Datassoms
| LHC Run 1 l:l ATLAS
1.4} _

1.2

0.8f

0.6l - -
- —68% CL «-95% CL + Bestfit » SMexpected -
PENETSET S S S S S R 1.

l A - ' e l

06 08 1 12 14 16
K’Y
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—ffective couplings and

3SM BR , —

Production Loops Interference scaling factor
. --- o(ggF) v t-b KZ
- What if we have new | "Partial docay width
particles in the loops”? I v =W 5
- Specific fit not resolving the ATLAS and CMS — it
. LHC Run 1 -~ ATLAS+CMS -+ ATLAS +~CMS —12
loops, but use effective f :
couplings kg and Ky T L =
‘q- - :
I $“*
I, =
Il :5_
I ==
, B B BHSM=0 .
Bs TP TUTI T UOTI PP TOTI PP N TPPTYFTIIN PRPTL PYVET PRPIN PVET PIPL OO0

Parameter value

HiggsHunting2016 - Paris - P. Francavilla 24



—ffect
SSM

3

ive couplings and

:% Effective

Production Loops Interference scaling factor
. --- o(ggF) v t-b KZ,
- What it we have new , Partial decay widih
particles in the loops”? I v =W 5
- Specific fit not resolving the ATLAS and CMS — i1
. LHC Run 1 -~ ATLAS+CMS -+~ ATLAS -+ CMS — 120
loops, but use effective - 3 ,
couplings kg and Ky T = ; L =
- And if the Higgs boson L == ; =
decays in some other mode ™| = i —
we did not detect yet? bolf === I ===
Il = =
- Constrain oL = =
B g;sx: >0 By ' ~ Bggu=0 .
|BBSI\‘/| 2-1 O and BBSM .‘l....l“..l“..‘:_m“..l,...l....l..n NI FT TR FE TS FUR TS FRRTE FRUTE FRURY FAAT
K\/ S -5 -1 05 0 0.5 1 1.5 2 -1 -1 -05 O 0.5 1 15 2

Parameter value
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ATLAS Preliminary m,=125.09 GeV
Vs=13 TeV, 13.3 b (yy), 14.8 b (Z2)

-8~ Observed 68% CL SM Prediction

Conclusions o] 3 “
Al 4 15
ATLAS and CMS Higgs boson mass and = et ©
: , (c-B) =) ® Q
coupling results have been combined R = | E
(o B)‘\{,‘;F cj:) T — CZ)
Higgs to Tt and VBF production ) - O
established at more than 50 level (o )ithadH ¢ H%)
. . (0 ' B).\(/Llep ® |<\(
The most precise results on Higgs ot _ |
oroduction and decay and constraints (- B), —— o
on its couplings have been obtained at 4 2 0 2 4 e
O(10%) precision
Parameter value norm. to SM value
All results are consistent with the SM _ _
oredictions within uncertainties: SMp- = SM still resists!
value of all combined fits in range - Precision will be improved during

10%-88% the coming years...

...but we have giants with solid
shoulders to stay on, while seeing

further with the coming data.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/

Sackup
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SM Predictions
_ , Decay mode Branching fraction [%]

Production Cross section [pb] Order of

process Vs=7TeV  +s=8TeV calculation H — bb 575 £1.9
ggF 150 £1.6 19.2 £2.0 NNLO(QCD) + NLO(EW) H—->WW 21.6 £0.9
VBF 1.22 £0.03 1.58 £0.04 NLO(QCD+EW) + approx. NNLO(QCD) H — gg R.56 + 0.86
WH 0.577 +£0.016 0.703 +0.018 NNLO(QCD) + NLO(EW) H - 77 6.30 + 0.36
ZH 0.334 +0.013 0414 +0.016 NNLO(QCD) + NLO(EW)
(g9ZH]  0.023 +£0.007 0.032 % 0.010 NLO(QCD) H — cc 2.90 £0.35
ttH 0.086 +£0.009 0.129 +£0.014 NLO(QCD) H—-ZZ 2.67 £0.11
tH 0.012 +0.001 0.018 +0.001 NLO(QCD) H - yy 0.228 +0.011
bbH 0.156 £0.021 0.203 +0.028 5FS NNLO(QCD) + 4FS NLO(QCD) H— Zy 0.155 + 0.014
Total 174 £1.6 223 £2.0 H - 0.022 + 0.001
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1 or more HIggs

BS0sons?

What if we have more

particles?

bigger than 1.

- If they couple In different
way, ranking of matrix here is

- Testing it with test statistics

J_ 3. ~l
L(data|A; = A;, 1 ! gF)

gi=—2In

L(data|A

J Al ’

p-value 1 boson: (29+2)%,

General matrix parameterisation: rank(M) = 5

H-vy H—-ZZ H-WW H-orr H-bb
99F | Hog ~ Hogk Hogr Hogr
VBF | A4 ”:;F A5r l‘gp 'I:IVB“;: #g‘)vg;v AVBF Hygr e l‘zp
WH | A, pgy;F Ay gng Awh l‘g“;‘! Ayn l‘;ng ’la'bn ggF
ZH | Az, ”ZZF A% I‘gp Az Il:;‘! A7k Mogr A%y 9gF
nH | A, #:;F A l‘gF At ”;Vq:'/ At Hogr Ay ”%F

Single-state matrix parameterisation: rank(M) = 1

H-oy H->ZZ H-WW H-ort H-bb
427 Z WW bb
ggF HggF 9gF HggF Hogr Hggr
VBF | Avprp)yp  AVBF oz AVBE Hi  AVBF o AVBE Hogg
WH | Ay Awn 2% Awu pY  Awa 1T Awn 120
ZH | A Aguplt A gt Agy
ZH Mg ZH Ko ZH Mg ZH Mg ZH Mg
ttH | Aun #Zp Aunt ”gp Aun ll;;g, Aun ”;;F Aun ”zsp
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ATLAS and CMS
LHC Run 1
| | [ | [ | K -.’.
Most generic parametrisation *| T
A’Z H o
g ——
tg - e
}"W — -
Z — . g
'y -
YZ -8 ATLAS+CMS —
— —%— ATLAS :
—+— CMS o
Z — 10 interval —-—-—'2_
— —— 20 interval :
bZ p— e
lllllllllllllllllllllllllllllllllll
-3 -2 -1 0 1 2 3
Parameter value
o and B ratio parameterisation Coupling modifier ratio parameterisation
o(gg » H— ZZ) Kgz = Kg * Kz [KH
OVBF/ O ggF
ownl/ O ggF
ozHlo ggF Azg = Kkz/ Kqg
o'ttH/o'ggF 'ltg = Kt/Kg
BWW /BZZ Awz = Kw/Kz
BY? /B Ayz = Ky[Kz
Bﬁ/BZZ Arz = K [Kz
B% /B%Z Abz = Kp[Kz
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Fitting the couplings

+ following 1303.3879

My

= ATLAS and CMS
- LHC Run 1

Vv

or \x,

Kpi = v~ m /M

Me
FV

107k

K

Kyi = V- m%,i./M“ze.

e = 0.023+0.02% ¢ ATLAS+CMS

-0.027 ,
P . SM Higgs boson i
: — [M, €] fit ]
- 0
M = 233*13 GeV. M 68°% CL
-12 95% CL
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Systematics in the mass determination

ATLAS and CMS Uncertainty in ATLAS

LHC Run 1

combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

ATLAS ECAL non-linearity /

CMS photon non-linearity

Material in front of ECAL

ECAL longitudinal response

ECAL lateral shower shape |

Photon energy resolution

ATLAS H — yy vertex & conversion |
reconstruction

Z —» ee calibration |

CMS electron energy scale & resolution

Muon momentum scale & resolution |

ATLAS H — yy background modeling |

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties
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] 1 1
1 1
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Observed Observed Observed
% (CJExpected | [CJExpected | [T)Expected
0 005 01 0 005 01 0 002004006
om, [GeV]
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Systematic Correlation

- Correlation strategy of nuisance parameters a delicate and complicated task

- Detector systematic uncertainties a follow strategy of ATLAS and CMS internal
combinations (generally correlated within, not between experiments)

- Signal theory uncertainties (QCD scales, PDF, UEPS) on inclusive cross-sections generally
correlated between experiments.

- Signal theory uncertainties on acceptance and selection efficiency are uncorrelated between
experiments, as these are small and estimation procedures are generally different.

- PDF uncertainties on signal cross-sections uncorrelated between channels, except WH/ZH
= correlated (effect of ignoring other correlations is <1%)

- No correlations assumed between Higgs BRs (except for WW/ZZ2).

- Effect of ignoring correlations shown to be generally small, except for a few specific
measurements, in which case full correlation structure is retained
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