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e Combined measurements of Higgs boson properties

e Signal strength and coupling fits

- Providing model independent results for reinterpretation
- Different assumptions in the kappa model

e Going beyond inclusive measurements

- Simplified template cross sections and theoretical uncertainties
- Differential distributions

e Interpretation in BSM scenarios
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Progress in Run 2

e Coverage of main production & decay modes in CMS:
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e Fora combined coupling analysis, current state of the art is:

- (1) Run 1 CMS combined measurements: Eur. Phys. J. C 75 (2015) 212

(iE/RW CMS,
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v/ Full 2016 dataset

v’ No 13 TeV update yet

- (2) The Run 1 CMS+ATLAS combination: J. High Energy Phys. 08 (2016) 045

7/11/17

A. Gilbert



https://arxiv.org/abs/1412.8662
https://arxiv.org/abs/1606.02266
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Using high resolution H—yy and AT g ows SOaN AR
H—ZZ—4l channels e 1200220 (2082 0 oY

CMS H—yy = 124.70 + 0.34 ( + 0.31= 0.15) GeV
° Status from Run 1: CMS—I—ATLAS ATLAS H—ZZ -4l  — m— 124.51+ 0.52 ( £ 0.52 = 0.04) GeV
| omsrezea ] eSS0 (oaomeey
Com b| nat|o n ATLAS+CMS yy HEII—-I 125.07 + 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 41 ———= 125.15 + 0.40 ( = 0.37 = 0.15) GeV
o . . . | aTLasicms e }—é—-l """"""""" 125.00 £ 0.24 ( £0.21 £ 0.11) GeV

o Statistical uncertainty still dominates, oo
main systematics related to energy or M BEY]
momentum scale of e, yandy o CMS 3.9 1" (13 TeV)
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e Status in Run 2: measurements in individual channels 3 s

1 6:_

* H=ZZ: my=125.26 = 0.20 (stat) £ 0.08 (syst) GeV 51
- Kinematic fit with Z mass constraint to improve 4l res. 4— S U TR U A
- Already competitive with Run 1 g,f_:zzzM : &

L — 4e I N
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e Limits on Higgs width from the H—=ZZ—4l channel using either on-shell or on-

shell + off-shell regions

CMS Preliminary
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o Using on-shell only:
- Direct measurement limited by the 4] mass resolution to

~ 1 GeV

CMS 19.7 fo" (8 TeV) + 5.1 fb" (7 TeV)
10+ 41 observed ’
EETEEEN 4] expected
—— 2[2v+ 4] observed
8 ; ...... 212v + 4l . expected
L Combined ZZ observed
Lrwanss Combined ZZ expected
6 -
- H—2ZZ
= [f  F s 95%CL |
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- o e8%CL |
0 "L“:’V‘:' ’\‘\\\‘\\\‘\\\‘\\\I\\
0 10 20 30 40 50 60
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- Th< 1.10GeV at 95% CL (c.f. Run 1 limit 'y < 3.4 GeV)
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e Using both:

- Indirect constraint on the
width using ratio of off-shell
to on-shell production in

H—o//

CMS 35.9 fb™' (13 TeV)
_I FT T 17T | T T T T T 1T T T T | T T T | T I",F
< 10 e
< T T
(}I |
s —— Observed ;
------- Expected _
6 —
4= S 95% CL.
2 —
I A 68% CL |
07 e "'I | L1 | P | |
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I, (GeV)

Phys. Lett. B 736 (2014) 64
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Couplings: signal parameterisation ©)
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e Two main approaches used in combined coupling fits:

Signal strengths, p Couplings, K

Parameters scale cross sections and Parameters scale cross sections and
BRs relative to SM partial widths relative to SM

> SM .2 1 7SM
L SM _BRf
O ; SM*

l

Scaling of generici = H = f process Total width determined as

K%{ : FIS{M

H —
o, - BR/ F 1 = BRpgy

= K X U
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Signal strengths )
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o CMS+ATLAS:

u=1.097"10 = 1.09707 (stat) *ooa (expt) 03 (thbed) ™04 (thsig),

ATLAS+CMS
f;l&A:uir;d CMS :ATLAS+ ATLAS and CMS -8- ATLAS+CMS
~+ CMS LHC Run 1 - ATLAS
B § — 1o B —- CMS
M ——— — +20 . T
ggF C——— :
i MW ———— — 220
- : —_—
E T
u ———— — ;
VBF S— e s—— ” :
| = Production Modes uzz T———
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WH — . — :
7' '
i i tH grouped with ttH - : Decay Modes
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1 ———— T
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B : Tt — ————
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ttH : > :
: e - :
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M __"__.__:__ M ¥ re :
||||||||||||||||||,l,,,,|,,,,|,,,,|,,,,|||||| |||||||| Lo v b bvvs by b b bvvaa b a
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Parameter value Parameter value
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Generic signal strength results
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e Most generic parametrisation: one u per production x decay combination
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o - B norm. to SM prediction

e Results given as 0 x B measurement - inclusive
theory uncertainties removed

o Uncertainty split into stat. and syst. sources

Production Decay mode
process H — v [fb] H — ZZ [fb] H — WW [pb] H — 17 [fb] H — bb [pb]
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
ggF|Measured | 48.0 7550 155 33 \ss0 il HE TP | 35707 03 T3 [1800770 i 300 -
<+9.7> (+9.4> <+2.5) <+150> <+140) <+30) <+0.7) <+0.5) (+0.5> <+700) <+400> (+500> _
-95 —94 ~16 ~130 ) \-130) \—20 —0.7 -05 —05 —700 ) \ —400 ) \ =500
Predicted 44 +5 510 +60 4.1 +£0.5 1210 +140 11.0 £1.2
- 023 0.22 0.07 034 +033  +0.09 017 0.12 0.12 06 04 04
Ratio 1.10 T3 Toar Toos (113703 fos Toor | 0847517 o1 foar | Lo0foe  fon o Tod -
VBF Measured | 46%15 15 *0g | 37% 2 7 03970y MR 0% [ 1257 Y5 TR -
<+1.8> (+1.7> <+o.5) <+60> <+60) (+8) <+0.15) <+0.13) <+0.07> <+39> (+34) <+19> _
~-16 ~-16 —04 —39 —39 -5 ~013 -012) \ —0.06 —37 —32 ~18
Predicted | 3.60 £0.20 422 2.0 0.341 +0.017 100 +6 0.91 +0.04
- 405 05 +0.2 11 11 02 +0.4 04 0.2 +0.4 03 02
Ratio 1.3 553 03 o1 | 01%ps  Tos T03 1270 03 02 1351 o3 foz -
2.1 21 03 0.18 0.15 0.10 64 55 32 021 0.17 0.12
WH |Measured| 0.7 *fg s T - 0.24 8 To1: Toos | 6478 | 0427505 016 Tom
<+1.9> (+1.9> <+o.1) _ <+0.16) <+0.14) (+0.os> <+67> (+60> <+30> <+o.22) <+0.1s> (+0.12)
-18 -18 —01 —0.14 -013) \-007 —64 —54 -32 —021 -017) {-o011
Predicted | 1.60 £0.09 18.8 £0.9 0.152 +0.007 44.3 £2.8 0.404 +0.017
. 13 13 02 12 1.0 06 14 12 07 05 04 03
Ratio 0513 1 s - L6 "1 oo ot |-latyy AT s | 10753 01 o3
29 28 05 023 021 0.10 56 52 20 0.09 0.08 0.04
ZH |Measured| 053] 33 0 - 0.53 753 0T oo 58 35 T e | 008 7o 008 oo
<+2.3) (+2.3> <+o.1) _ <+0.17) <+0.16> (+0.05> <+49> <+46> <+16> <+o.1o) <+0.09> (+0.05)
-19 ~19 —01 —0.14 —014 ) \—0.04 —40 —38 —12 ~0.09 —-0.08) \ —0.04
Predicted | 0.94 £0.06 11.1 £0.6 0.089 +0.005 26.1 +£1.8 0.238 +0.012
- 3.0 3.0 05 26 23 11 22 2.0 0.8 04 03 02
Ratio 0.5 t2.5 J—r2.5 to.z - 5.9 tz.z i—2.1 J—ro.s 22 tl.S t1.7 to.e 0.4 t0.4 J—r0.3 t0.2
048 0.48 0.07 0.05 0.04 0.03 30 26 15 0.07 0.04 0.06
ttH |Measured| 0.64 (55 0% 004 - 0.14 F:2 oo Too | 1575 ] T3] 0.08 07 Toor Tooe
<+0A45) <+0.44> (+o.10) _ <+0.04) <+0.04> (+0.02> <+31> <+26> <+16> <+o.07) <+0.04> (+o.06)
—0.34 -033) \ -005 —0.04 —0.04 ) \ —0.02 ~26 -2 ~13 —0.06 —0.04 ) \ —0.05
Predicted [0.294 £0.035 3.4 404 0.0279 £0.0032 8.1+£1.0 0.074 +£0.008
. +1.6 16 +0.2 +1.8 +15 1.0 +37 432 +19 +1.0 05 +0.8
Ratio 2273 o3 —0.1 - 5.0 %7 ~15 Too |FL9TE 7 g 11757 03 —038
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Recasting
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o Correlation/covariance matrix also provided. Non-zero entries mostly due to
experimental categories not perfectly able to distinguish certain processes
- E.g. contamination of gluon-fusion in VBF targeting categories
- V(had)H categories that select both WH and ZH production

ATLAS and CMS LHC Run 1

0.01 0.00 0.00i-0.25 -0.01 0.00 0.00 -0.03 0.00 0.00 0.00 -0.14 0.00 0.00 0.00 :0.01 0.01 0.00 0.00
0.03 0.00 :-0.01 -0.26 -0.01 -0.01:0.00 0.00 0.01 0.00 :0.00 0.01 0.01 0.00 :0.00 -0.08 -0.02 -0.02
0.00 0.03 -0.01: 0.01 0.00 -0.16 0.00 :0.00 -0.07 0.02 0.00 :0.00 -0.07 0.01 0.00 :0.00 0.01 0.00 0.01

0.01 0.01 0.01 —0.3750.00 0.08 -0.25 0.0050.00 0.01 -0.21 0.00 E0.00 0.00 0.00 0.01

0.00 0.00 -0.01

0.00 50.00 0.02 -0.02 0.00 50.00 0.01 0.00 0.00

0.00 0.00 0.00 -0.07:0.00 0.00 0.00 0.00

...........................................................................................................................

0.00 0.01 -0.07 0.01 50.00 0.00 0.00 0.00 E0.00 -0.12 0.02 0.00 E0.00 -0.05 0.00 E0.00 0.01 0.00 0.00

0.00 :0.00 0.01 0.00 0.00

0.01 -0.08 0.01 0.00:0.00 0.04 000 0.00:0.00 0.00 0.01 0.00:0.00 001 0.01 0.00 :0.00

0.00 -0.02 0.00 0.0050.00 0.01 0.00 0.00E0.00 0.00 0.00 0.0050.00 0.00 0.00 0.0050.00 -0.47

0.00 -0.02 0.01 0.0150.00 0.01 -0.01 —0.0150.00 0.01 0.00 0.0050.00 0.00 0.00 0.0050.00 0.01 0.00

7/11/17
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s this sufficient for the community or
can we go further?

More accurate NLL information
required?

More splitting of uncertainties into
sources, e.g. theory uncertainties
separately?

Information on the impact of specific
theory uncertainties on results?



—~

Couplings: BSM loop/decay contributions () 22
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* Use effective couplings for ggH (kg) and H—=vyy (ky)
o Consider two scenarios: BRgsm= 0 and BRssm floating, but |kw|, |[Kz| < 1

o Sensitive to relative signs of ki, kw and Kz via interference in tH and ggZH production

o Care needed with BRgsm: not just

Higgs decays to new particles but | ATLAS and cms — =10
LHC Run 1 -~ ATLAS+CMS -+ ATLAS —+ CMS — +20
also non-SM BRs to unmeasured . .
K — — b
final states, e.g. gg and cc = 3 A =
< 9T Kw — - — *"'-_,:
c | ATLASand CMS . T I T
~ 8 LHC Run 1 K, T —— HE—
7_ — Observed | B __.HE_ B
6F - SM expected il ——— _F_'I'
oF ! =t _———
: iy - -
e, | —— —o—
L ——— ——t—
r | |KV| <1 1 | B =O 1
: B Bey =0  o— BSM
C BSM ‘I‘:
Oo 005 01 015 02 025 03 035 04 045 05 I_I1I-éllI_|1III_IO|.I5IIIOIIII0!5IIII.|1IIII1?5IIII;IIII I_I1I-I5III_|1III_IO|.I5IIIéllllo!sllII'|1IIII1!5IIII£IIII

B
BSM Parameter value

BRgsm < 0.34 @ 95% CL
7/11/17 A. Gilbert
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Couplings: BSM loop/decay contributions

e One step further: the CMS Run 1 combination also included the direct
H—invisible searches (VBF, VH prod modes)

- Define BRgsm = BRinv + BRundet

e Assuming BRundet = 0, improve on BRiny sensitivity in 95 CL limits:
- Combination: 0.49 obs. (0.32 exp.), H—inv alone: 0.58 obs. (0.44 exp)

19.7 67 (8 TeV) + 5.1 fb' (7 TeV)

J 10: I I I | I I I | I I I | I I I | I I I :
£ o CMS — Observed E
< - Ky, Kgs Ky=<1, ----Exp.for SMH |]
N 8t Ky Koy Ky BF{inV E
7 ' :

6 -

st
4f- -

3 -

2" E

15 .

O: L | | | | | | | | | | | | | | | :

0] 0.2 0.4 0.6 0.8 1
BI:{inv

7/11/17
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Cw CMS

\ <

X/ —

) )
10 19.7 7 (8 TeV) + 5.1 fb" (7 TeV)
"G')' g T T 1 1 1 [ . Tt Tt [ T T T [ T T T ]
© - ]
c " CMS %+ Observed E
oC 0'95 K, Ko Ky=1, %, —68%CL 4
M 0.8F BR BRb -=:95% CL | ]
. Ko Ky inv’ undet ----99.7% CL |
0.7E ™ { SM Higgs |1
0.6 }\\ —;
O.SE N =
0.4k \ =
0.3} . :
0.2 -
0.1; \ —;
O.mi | | I+| | | | | | \ | “\ | | | | | | :

0.0 0.2 0.4 0.8 1.0
BI:{inv
11
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Couplings - no BSM loop/decay contributions ‘iE/RW M

7/11/17

ATLAS and CMS -8- ATLAS+CMS
LHC Run 1 - ATLAS
-+ CMS
B — 1o interval
—— —$=— — 20 interval
"
-
— ek
- —_—
—*E—
_+_
_+:_
_*I_
—
#:—
. .
ve :
IIII|IIII|IIII|IIII|IIII|II
~1 0 1 2 3

Parameter value

—~

NAL \‘\\\\\ -
W\ \\ \ \

e Resolve ggH (kg) and H—yy (ky) loops

Includes H—pup analyses for reduced coupling
vs particle mass

> T T T T oo T T
1> 1t ATLAS and cMS
Z | LHC Run1

1072 3

¢ ATLAS+CMS ]
------- SM Higgs boson

— [M, ¢] fit
[ 168%CL
[ ]95% CL

10 o o

107" 1 10 102
Particle mass [GeV]

M, € model:

KFri = 0- m
A. Gilbert 12




Simplified template cross sections

e YR4 (arXiv:1610.07922) proposes simplified
template cross sections

e Several stages proposed with increasing split
of production modes by jet multiplicity, pTh etc

e Possibility to connect to BSM models in
different frameworks, e.g. kappa model, EFT
coefficients

_ ggF in stage 1

Era—

7/11/17

= 1-jet +)| > 2-jet
—~[pfocn | —{pfoc0 ]
+) +)

— i lo0.120 ] [ P60 1201 |
+) +)

—[ P 120,200] |~ pf[120,200]
>

.+ VBF cuts
= 278t i 00

—>

—>

A. Gilbert

(EW qqH)

(Run1-like) —
[ver ]| =
[Frrad v] | L

\ N\
CE/RW CMS,
\

7/~ 74
) )

(H + leptonic V')

vii | N [ ] [

[0s > 2H]| Stage 0

CMS 35.9 fb™ (13 TeV)
||||| ||||||| ||||||||||||||||
10.20 H—Z7Z°— 4]
oggH/ Oeo = 1:20005 ¢ vl <2.5
stage-0 subprocesses
m,, = 125.09 GeV
_ +1.02
Ovgr / Opeo = 0045, @ N '|" SM prediction
+2.80
Oytinad’ Otneo = 0-00 550 @ N
+2.65
OVHiep / Oeo =0.007 5 @ ‘
+1.18
Oy / Oineo =0-000, 0 @ l
| I I I | | |||||| | | I I I | | | I I | | | I I I |
O 0.5 1 15 2 25 3

H—ZZ Run 2 results for Stage-0
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WG1 scheme for ggF uncertainties

e Along with STXS will adapt

CERN

N\

/7 S

- Jet bin uncertainties evaluated according to the BLPTW scheme of YR4:

pt =30 GeV o/pb A, A, .A.Sl/:tl. Azl/lf i total pert. unc. QCD uncertainty split into 4
new scheme for ggF o R RS ependent sources
. . . o0 20.51+1.65 | 3.8%§ 0.1%: 4.1%:: - 1  5.6% normalization
uncertalntles' o1 17.90+1.88 6.0%I 52%3 6.8%i: - 1 10.5%
. o1 11.9421.58 | 5.5% | 4.8%3 8.4%2:7.2% §  13.2% 01 jet migration
- Consistent treatment for all o 5962105 | 7% | 6.1%3 s6%itasn]  176% 1oz jet migration

channels, makes
combination more :
straightforward ’

- Quark mass treatment in ggF loop, if significant wrt QCD scale uncertainties

. Accounts for uncertainties and migrations between the =0, =1 and >=2 jet bins
Uncertainties also needed for:

Higgs pr spectrum within a given jet bin

- Independent uncertainty
sources targeted as
migration uncertainty
between bins, e.g. STXS

- VBF region

F. Caola, D. Gillberg, A. Massironi, P. Monni

Cross sections and fractional uncertainties

STXS sig stat mu res gm_top
05 Incl .52 +/- 0.00 . 6% +2.2% +0.0%
%‘ TE WG1 scheme Q.
8 04 0.
[0 -
: 05t 0
g o1 0. ggF
o] = Q. STXS
= Q. 1
_0.15- 0. bins
0.2 0.
- 0.
—035— 0.
~0.4F- 8-
: 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% 50 100 150 200 PO >=1) 60-200 0.
pTH[GeV] >=1] 120-200 Q.
’ >=1] >200 Q.
>=1] >60 Q.
>=1] >120 Q.
>=1 Q.

7/11/17
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Differential measurements C\w \

NAL \\\\ \\
A\ \\ \ |

* H—yyand H—ZZ—4l channels provide differential fiducial cross sections at particle
level, chosen to match reco. selections closely

e Differential cross sections given for ptt and number of jets
- High ptt tail sensitive to BSM effects, low ptH to lighter couplings, e.g. Kc

e Combination of channels will be possible by unfolding to common phase-space

CMS Preliminary 35.9 o' (13TeV) CMS 35.9 o (13 TeV)

— 2 rrrr[rrrrJjrrrrprrrrprrrr [ rr 1t T N FT I I I | I I I I | I I I I | I I I I | I I I T4
% 10 E_ H— Yy _E > ) Data (stat. @ sys. unc.)
0] - LHC HXSWG YR4, m =125.09 GeV - ) 1 3 — Sy/stematic uncertainty 3
S 1 B + Data ggH aMC@NLO + HX N (\D ~§%§§§§% gg—H (NNLOPS) + XH
= 10 = S i 444444 gg—H (POWHEG) + XH -
- /| ggH POWHEG + HX " 3 o 1L [Z222777] XH=VBF + VH + ttH (POWHEG) > |
= - @ > ] ~ 10 (LHC HXSWG YR4, m =125.09 GeV) O 3
o __‘;P-'_é" & gy — r H =
S 1 2 f HX aMC@NLO e 3 T E S
\_O r _“é%_ O“_o 7] N o T
= - 8 W — — 21 - _|
o - o . o 102 & -
© 10 T 2 3 ®) { °
= ~, 3 - S 3 I3
= ‘—‘f‘fffff— P g L
%3 | * B 0 3
3 a i
LS R P A — P s A 0 00
é ?5 R ]
5 = T oSS ::i:ﬁ::::::::i:ﬁ::::::::i:ﬁ::::::::f:f:,7?
S =z il N S| 7 % [N
5 o Q.8F¥ I \" .................................................. z 7 e N
g 2 e ]
o ©
g g T T B e ||||
& 50 100 150 200

p_(H) (GeV)
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BSM interpretation

e Couplings constraints can be interpreted as
constraints in 2HDM/MSSM models

CMS,

o Uses the full likelihood with kv, ky and kg as
parameters, related to cos(3-a)/tan3 or ma/

tanf3 = !

(m% +m%)? tan? B

\/1 + (m%+m? tan® B—m3 (1+tan? B))2

S] =

\\‘\\\\ \\ |
2HDM hMSSM
type I type II/MSSM

: — . - Sg+sy tan B

Ky sin(B — «) sin(B — «) W
an?
ky, cos(a)/sin(B)  cos(a)/ sin(,B) Sy 1:;/3 P

kg cos(a)/sin(B) —sin(a)/ cos( 1+ tan? B

m? + m% tan

" m2 4+ m? tan? B — m2(1+ tan2 B) ’

50 CMS Preliminary <5.1 " (7 TeV) +<19.7 o' (8 TeV)
[« )

& 50|
40 | Y
CMS Preliminary =5.1fo" (7 TeV) + s 107" (8 TeV] - CMS Preliminary =51 fo' (7 TeV) + «10.7fb" (8 TeV) - 301 / / ’
E‘ 10— | 0 9_ 10— 0 //
. 5 I
- -10 - 2HDM Ty:e | -10 20 ‘XZé%W
4t al
: -8 : -8 e 1 J Model not strictly applicable _
2 2 B
-6 -6 B |:| Observed exclusion 95% CL
1} 1} 6 % Expected exclusion 95% CL
r s N 4 A/ | -=-==.
e - 5 ____, Model not strictly applicable
o5 4 05 4 4 I:] h(125) (HIG-15-002)
04} 04} 3p A/H — bb (arXiv:1506.08329)
nal nat 1 A/H/h = uu (arXiv:1508.01437)
= Observed 95% CL 2 = Observed 9:% CL 2 \ |:| A (HIG-14-026)
- - = — 1T -14-
0.2 2HDM Type I R Eww 95% CL 0.2 — EWM 95% CL 2 \ |:| H — hh (bb‘l:‘c) /A — Zh (||'l7‘l:)
~-SM  <pBest fit &M «pBestfit (arXivi1510.01181)
0.1 . L 0 0.1 L f 0 H — hh (bbyy) (HIG-13-032)
0.5 0 0.5 0.5 0 0.5 | H— WW/ZZ (arXiv:1504.00936)
& 1 ‘
cos(B-at) cos(B-a) 130 200 300 400 500 600 1000
m, [GeV]
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Summary

e Large fraction of target analyses now covered with the full 2016 dataset

- Up to factor 2 improvement over run 1

e Increasing focus on more granular measurements during run 2:

- Fiducial/differential cross sections in H=ZZ and H—yy
- Simplified template cross section measurements

- Currently stage-0 results, move to stage-1

CMS,

2% \\
A\ \\ \ |

e Combined fits of all channels will give most coherent results on signal strengths /
couplings - input from the theory community on new models/interpretations is

appreciated

7/11/17

A. Gilbert

17



CMS,
Backup @)

<\
\\\\\ |

7/11/17 A. Gilbert



— ~
CE/RW CMS
Decay processes \
NL S P -
)
Production Cross section [pb] Order of
process Vs =7 TeV Vs =8 TeV calculation
ggF 150+ 1.6 19.2 +2.0 NNLO(QCD)+NLO(EW)
VBF 1.22 £ 0.03 1.58 £ 0.04 NLO(QCD+EW)+~NNLO(QCD)
WH 0.577 £0.016 0.703 £0.018 NNLO(QCD)+NLO(EW)
ZH 0.334 £0.013 0.414 £ 0.016 NNLO(QCD)+NLO(EW)
0.023 +£0.007 0.032 +0.010 NLO(QCD)
0.156 £0.021 0.203 £0.028 5FES NNLO(QCD) + 4FS NLO(QCD)
0.086 +£ 0.009 0.129 +£0.014 NLO(QCD)
0.012 £ 0.001 0.018 £ 0.001 NLO(QCD)
e Rare processes: 174+ 1.6 223+2.0

7/11/17
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. CMS,
Production processes C\E\/RDI .

e Usual suspects:
ggF VBF

t/b

q w/Z

e Rare processes:

qg—tHq

gg—bbH

7/11/17 A. Gilbert
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H—ZZ anomalous couplings @)

N/

* Angular analysis of H=ZZ—4l events to search for anomalous spin-0 couplings

CMS,

A \\
A\ \\ \ |

e New for 13 TeV: use kinematics of production H(VV) vertex in VBF and VH modes as well

as in 4l decay

e Amplitude parametrised as:

K + K . s (1) n( L) 7
A(HVV) ~ aYV 4 EIJ\VV)ZZ 12 m%/1€v1evz a;fvfwgl)f (2),1 a;/vfwgl)f (2),1v
1

VV 2 VvV 2] - ———

BSM CP-even BSM CP-odd

Gluon fusion (decay) VBF production VH production

7/11/17 A. Gilbert
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CERN

H—ZZ anomalous couplings \ <

NAL P \
A\ \\ \ |

o . . 2 2
e Fits for anomalous coupling ratios fai: fai = |ail Ui/Z!a]‘\ Oj | B100To) 1107 15" 8 Tel) + 8616”13 Tol

10°ECMS ()3
- —— Observed ]
. . . L e Expected y
e Run 2 gives ~ factor 10 improvement in 68% CL N oeaved 1370V
e, cpe . N Expected, 13 TeV .-
sensitivity over run 1 due to addition of production PR
information S
4
Parameter Observed Expected ) 3;950/0 CL
faz cos(¢az)  0.007555 [—0.38,0.46]  0.000750;0 [—0.25,0.25] o
forcos(¢a2)  0.017077 [—0.04,0.43]  0.0007050a [—0.06,0.19] O\
farcos(par) 0.0270981-0.49,0.18]  0.00075:993 [—0.60,0.12] of
T cos(¢7)) 0261039 [—0.40,0.79]  0.000+391% [—0.37,0.71] -1
5.1 fb" (7 TeV) +19.7 fb (8 TeV) +38.6 fp‘1 (13 TeV) 5.1 fp‘1 (7 TeV) +19.7 fp" (8 TeV) +38.6 fp" (13 TeV) 5.1 fb™ (7 TeV) +19.7 fb (8 TeV) +38.6 fp‘1 (13 TeV)
10°-CMS (b)= 10°ECMS 10°-CMS (d)
—— Observed ] - —— Observed - —— Observed ]
----- Expected ] - ----- Expected - ----- Expected ]
—— Observed, 13 TeV | | —— Observed, 13 TeV | —— Observed, 13 TeV |
fffff Expected, 13 TeV/, ----- Expected, 13 TeV ----- Expected, 13 TeV
;10 10 _J10E /
E ] E 1\‘\ E L ) //C
> i 4 - i P j ‘ —t—t :I,‘/ —]
Y - N U A EI B ooy '
i 3% i 3;95 Yo CL
E o E g
. - . -68% CL
- 1 -
1 oy 1 oy
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LHC Run 1 Combination Results C\E/RW >

N7\ s

* Using high resolution H—=yy and H—=ZZ—4l channels
e Important to establish the best measurement of my before attempting couplings

o Statistical uncertainty still dominates, main systematics related to energy or
momentum scale of e, pandy

— 3 T T T T T T T T T T T T T T T T T T T T T T T T T T T
= B | | | | | ]
< B -== ATLAS H—yy ]
< - ATLAS and CMS --- ATLAS H—ZZ—41 _
g 2 B LHC Run 1 IIIIIIIIII CMS Héy y N T | T T T T | T T T T T T T T | T T T T T T T T | T T T T | T T
o) S5 CMS H—-ZZ—4]  —]
"3‘, B PR — All combined ] ATLAS and CMS —e— Total Stat. [ Syst.
— - _ | LHC Run 1 Total Stat. Syst.
g - . X Best fit - ATLAS H—yy F————H 126.02 + 0.51 (= 0.43 + 0.27) GeV
o o— /) —— 68% CL —
) - - CMS H—yy —== 124.70 = 0.34 (= 0.31= 0.15) GeV
I | |
L S =t T T T T T .. | ATLAS H—2Z 4]  p————f 124.51+ 0.52 (+ 0.52 + 0.04) GeV
— A\ "l, ~ —
15~ \\ _| CMS H—ZZ—4i —=— 125.59 = 0.45 ( = 0.42 = 0.17) GeV
- [N “, 1l et
B ‘. e “. | ATLAS+CMS yy I—EI—| 125.07 = 0.29 ( = 0.25 = 0.14) GeV
B Seall X2 S ] ATLAS+CMS 41 |—|—}I|—| 125.15 = 0.40 ( = 0.37 = 0.15) GeV
¢ ]l I ememememememmmmm ommmmmm momomomom om m m m m m m m m m E f R E m m m  m m E R R  M M E R R M E R M M m  M M E  m m m  m
1 T T = ] ATLAS+CMS yy+4l == 125.09 = 0.24 ( = 0.21 + 0.11) GeV
— : - 1 1 | 1 1 1 1 | 1 | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
- — 123 124 125 126 127 128 129
B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | mH [Gev]
0.5

124 1245 125 1255 126 1265 127
m,, [GeV]

my=125.09 +0.24 GeV =125.09 +0.21 (stat.) = 0.11 (syst) GeV
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LHC Run 1 Combination Results C\E/RW ~

N, \\\\ \\
W\ \\ \ |
Decay channel | ATLAS+CMS | ATLAS CMS Production process | ATLAS+CMS | ATLAS CMS
0.19 0.27 0.25
1 L1425 L14 2555 | LITZ553 HggF 1.03 fg}g 1.26 fg'gg 0.84 fg'%g
+0.18 +0.26 +0.23 ‘ ' ’
M i i +0.16 +0.21 +0.20
( 0'17) ( 0'24) ( 0'21) (—0.14) (—0.18) (—0.17)
p 1.29 fg%g 1.52 f8§2 1.04 fggé +0.25 +0.33 +0.37
1023 +0.32 +0.30 HVBF 118 753 121755 | 1.14 7535,
(—0.20) (—0.27) (—0.25) (+o.24) (+0.32) (+0.36)
uv 1.09 +0.18 1224023 | .90 +023 02 ~0:29 ~034
: : : 0.89 +0.40 1.25 +0.56 0.46 +0.57
: : : 07 . <9 _0.52 T _0.53
(%019) (%035) (%0%) HwH 038 2
0'24 0'40 0'30 (+0.41) (+O.56) (+0.60)
T +0. +U. +0. — — -
H L1 555, 14125356 | 088 25 g'iz 82 8'22
+0. +0. +U.
(f8§§) (fgg) (fggé) HZH 0.79 ~0.36 0.30 ~0.45 1.35 ~0.54
+0.39 +0.55 +0.55
ut 07092 | 0.62°03 | 0.81+04 (*636) (%3) | (83)
+0.29 +0.39 +0.45
(—0.28) (—0.37) (—0.43) HuH 2.3 tgﬁg 1.9 fgﬁg 2.9 i(l)ﬁg
M +2.5 _ +3.6 +3.6 +0.5 +0.7 +0.9
M 0.1 -25 0.6 -3.6 0.9 -3.5 (—().5) (—0.7) <—0-8>
(+2.4) (+3.6) (+3.3)
23 _36 ~32
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LHC Run 1 Combination Results

7/11/17

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]U [-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]uU [-0.88,-0.84]U | [-1.00,-0.71]U
[0.89, 1.00] [0.79,1.00] [0.76,0.98]
K 1431553 05 1312553 1455035
el 0.87*0:11 015 0.97*017 0.79*07
| 0.57%516 "o 0.6103¢ 0.49*015
Kyl 081701 A 0.947073 0.69%1
[ 0.90% 500 012 0.87:0:13 0.89*0:13
BBSM 0'00+0.16 +0.19 0.00+0.25 0.03+O.26
Parameterisation assuming Bggy = 0
Kz -0.98 1.01 -0.99
[-1.08, —0.88]U [-1.01,-0.87]U [-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]
Kw 0.87 0.92 0.84
[0.78,1.00] [—1.08,-0.90]uU [-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 0.3 0.33
K 1.40755; 7039 1.32703; 15175
el 0.847013 015 0.97*5:19 0.772513
0.2 0.25 0.26 0.34
Ik 0.49*011 08 0.61755] 0477019
Ikg] 0.78015 o4 0.94*0:13 0.67*5:15
0.14 0.12 0.15 0.19
|Ky | 0.87% 50 013 0.887 3 0.897 3
A. Gilbert
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LHC Run 1 Combination Results @)
NS
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]
K 0.91%5:13 o1 0.917515 0.9275:17
f 0.8710:13 AT 0.98:2 0.77%5:1s
0.14 0.15 0.20 0.20
&z 0.90%) 1 “o.14 0.99%5 5 0.83755)
Kp 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| 0.2+1.2 +0.9 0.0+1.4 O.5+1'4
A. Gilbert
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