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Overview

e Run1
o Extensively discussed already - will focus on CMS+ATLAS combined results
e Properties: mass, width, spin/parity, couplings

e Run2
» Rediscovery of H(125), first results in many channels now
» Broad and growing range of measurements:

Fiducial
cross sections

signal

‘ EFT interpretations

strengths ()

Differential
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Run 1 Mass Combination

* 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
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o S5 CMS H—-ZZ—4]  —]
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my=125.09 +0.24 GeV =125.09 +0.21 (stat.) = 0.11 (syst) GeV
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Properties

Indirect constraint on the width using ratio of

off-shell to on-shell production in H—=ZZ
SM predicts [ ~ 4 MeV
ATLAS and CMS find limits on [/T'sm ~ 4-8

Also measured with H=WW but less sensitive

-2 A InL

CMS 19.7 b7 (8 TeV) + 5.1 fb (7 TeV)
10— 4/ observed
BRGREEEE 4] expected
—— 2[2v + 4] observed
3 __ ...... 212v + 41 _ . expected
L Combined ZZ observed
LD Combined ZZ expected
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= et 95%CL
21— m
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Phys. Lett. B 736 (2014) 64
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Spin/Parity

Eur. Phys. J. C75 (2015) 476

ATLAS

—e— Observed
Expected
B 0°'SM=+10o
I 0"SM=20
[ ]0"SM=3o0
e JP 10
I JF 20
[ 1JF«30

o

H— ZZ* — 4]
[s=7TeV, 4.5 fb’
[s=8TeV, 20.3 5"

H—= WW* — evuv
/s =8 TeV, 20.3 f"

H— vy
[s=7TeV, 4.5fb'
/s =8 TeV, 20.3 5"

JP=2+

Kq=Kg

JP=2- JP=2+ JP=2r JP=2r
Kq=0 Kq=0 Kq=2Kg 1<q=21<g

pT<300 GeV pT<125 GeV pT<300 GeV pT<1 25 GeV

o Test many alternative hypotheses
against SM CP-even scalar, JP = 0*
e.g. pseudoscalar, spin-2

o All rejected at 99.9% CL



. o . JHEP 08 (2016) 045
Couplings Combination

e Based on the inputs to the separate CMS and ATLAS combinations: the main five
decay channels + ttH analyses

e Notincluded as notin
v

T v v v both CMS and ATLAS
H-ZZ—4l 4 4 4 4 combination results:
H->WW-212v v v v v e H—Zysearch
Hott v v v v o Off-shell measurements
. Ueinuic
Hobb v v H—invisible searches
* VBFH—bb
H-pp 4 4

e H—up only included for one particular result

» Each analysis targeting a particular production/decay mode may also include
contributions from other processes that are not specifically targeted, e.g. H>WW
entering H— 1t analysis, single-top + Higgs production in ttH
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Signal Parameterisation

e Both parametrisations based on scaling full phase-space cross sections:

Signal strengths, p

Parameters scale cross sections and
BRs relative to SM

T s BR/
BRY,,

Scaling of generici @ H — f process

. BR/
(0¥ BR :ﬂlxuf
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Couplings, k

Parameters scale cross sections and
partial widths relative to SM

2 SM 2 _ 1+ /7SM

Total width determined as

r - Ky - Uy
g =
1 — BRggm

ki = ZBRSM/@




Signal strengths Assumptions
- SM ratios of BRs or cross sections

p=1.097015 = 1.0970-07 (stat) Foos (expt) To o3 (thbgd)To0s (thsig),

rpsmoous i o AT oS
e CMS LHC Run 1 - ATLAS
B : —_—+10 L -+ CMS
W F _+_ —*20 , —+10
99 = ama W —— — 220
; e
— : R
u ——— — i
VBF e . E
- E Production Modes u?z e
" e bbH grouped with ggF R
WH — - B :
i . tH grouped with ttH o f Decay Modes
" o -
ZH s " B
_ i e —————
u o e s
ttH : * " B :
u —~o=— u —
e — r ;
IIII|IIII|IIII|IIII!IIII|IIII|IIII|IIII|IIII|II|| IIII|IIII|IIII|IIIIllIII|IIII|IIII|IIII|IIII|IIII
105 0 05 145 27553 35 2 -1 -05 0 05 1 15 2 25 3 35 4
' ' ' Parameter value Parameter value

o Most significant deviation from p=1is ttH (2.30)
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Generic signal strength results

* Most generic parametrisation: one [ per production x decay combination

ZH WH  VBF  ggF

ttH

VY
7
Ww
T
VY
7
Ww
T
VY
Ww
T
bb
VY
Ww
Tt
bb
VY
Ww
T

bb
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ATLAS and CMS
LHC Run 1
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* Measurements mostly uncorrelated,
except where multiple processes
contribute to same categories, e.qg.
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Couplings - allowing for BSM loop/decay contributions

Use effective couplings for ggH (kg) and H—=yy (ky)
Consider two scenarios: BRssm = 0 and BRssm floating, but |kw|, |kz| < 1
Sensitive to relative signs of ki, Kw and Kz via interference in tH and ggZH production

e Care needed with BRgsm: not
just Higgs decays to new ATLAS and CMS —_—to
particles but also non-SM BRs LHC Run 1 - ATLAS+CMS = ATLAS —+CMS — =20
to unmeasured final states, K, = _3 - _
e.g.gg and cc - : - :
Ky — - B ol
+_ _: - 1
e K —— ——
- ATLAS and CMS & o i .
8f LHC Run 1 he | .- .
: Ky e, e
7_ —— Observed — : | :
6F - SM expected .| ———! — !
C b p—————— p—— c——
Il —--—ﬁ ] ﬁ
lKYI —— ——
E | lKV' <1 1 | B _ O 1
: Bgsu Bgsy = 0 *— BSM ™
é IIIIIIIIIIIIIIIIIiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
00 005 04 0 15 02 0. 25 03 0. 35 04 0. 45 0.5 -15 -1 -05 0 0.5 1 1.5 2 -1.5 -1 -05 0 0.5 1 1.5 2
Bgswm Parameter value

BRgsm < 0.34 @ 95% CL

27/10/16 A. Gilbert 9



Couplings - no BSM loop/decay contributions

27/10/16

ATLAS and CMS -0- ATLAS+CMS
LHC Run 1 -+ ATLAS
-+ CMS
B i =—Tointerval
o —4=— — 2 interval
— et
'
———
- i
—+—
e —
__‘_:._
- —*E—
——
#:—
* '
#r :
L1 1 1 | L1 1 1 | L1 1 1 I L1 1 1 | L1 1 1 | L1
-1 0 1 2 3

Parameter value

* Resolve ggH (Kg) and H—vyy (ky) loops

* Includes H—pu analyses for reduced
coupling vs particle mass

~ 1F ATLAS and CMS
- LHC Run 1

>
S

Mg
=
[

¢ ATLAS+CMS
------- SM Higgs boson

1073 . E
— [M, €] fit
68% CL
95% CL
10_4:.. L 4y Ll Lol E
10~ 1 10 102

Particle mass [GeV]

M, € model:

Kri = U m;‘,i/Ml-l_E
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Run 2

o Excellent LHC performance this year has delivered ~ 40 fb-! of 13 TeV collision data to
CMS and ATLAS

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-10-26 21:01 UTC — 50 — : [
60y ‘ ‘ ‘ ‘ ‘ ‘ ‘ 60 - = ]
—_ i} o) = =
T m— 2010, 7 TeV, 45.0 pb ™' == 45F ATLAS Online Luminosity —
e = 2011, 7 TeV, 6.1 b’ 2 2011 pp Vs=7TeV ]
~ 50 , - 150 B l =
> m— 2012, 8 TeV, 23.3 b ! o 40; — 2012 pp Vs=8TeV -
f 2015, 13 TeV, 4.2 b g 35F. == 2015pp Vs=13TeV =
£ a0} 2016, 13 TeV, 41.1 fb ! 1a0 5 - ——2016pp Vs=13TeV .
E 3 30- E
S 9 - .
3 30 130 = 25K —
- 3] - 3
Q = - .
- o 20 E
‘5’ 20 120 - - .
: : EF
— 10} 10 10 32
/ — — g
|2 L — 4—— ——dx >0 5: eh
0( N o \‘ () © X \\‘ (,‘ 0 O: | | =
Q 2 N \a O e o°¢ o e
s ,\‘@\ ) ) LN B ’&“ Ny )a\'\ I\Q( )\)\ OC\

Date (UTC) Month in Year

* Compared to run 1: higher instantaneous luminosity, 50 = 25 ns bunch spacing and
increased pileup

» Detectors have been (and are being) upgraded, e.g. ATLAS insertable pixel b-layer during
LS1, CMS pixel upgrade coming in extended technical stop

» Despite these challenges already a wide array of Higgs boson measurements
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Run 2 - Results

» Already good coverage of major production and decay channels at 13 TeV

e Many preliminary results on the partial 2016 dataset (~ 13 fb') and others only
on 2015 (~ 2-3 fb'7)

27/10/16

Untagged

= =
~v - NN

C
N =
o
o
H—inv

B ATLAS 2016 data [J] CMS 2016 data CMS 2015 data only

A. Gilbert 12



Rediscovering H(125) at 13 TeV

* Signal re-established in H—=ZZ and H—yy with > 50 significance

(9]
=
(72}
i
13
S
Q
<

129" (13 Te
T T T T

S

45

40

35

Events / 4 GeV

—_————i

30

25

20

15

10

CMS Preliminary

e Data

[ ] H(125)

] 9aq—2Z, Zy*
B 99727, Zy*
B Z+X

800

m,, (GeV)

12.9 ™ (13 TeV)

2000~

1000

S/(S+B) Weighted Events / GeV

- m,=126.0 GeV, 1=0.95

All categories
S/(S+B) weighted ]
¢ Data i
— S+Bfit N
------ B component -
+1o ]
[ ]*x20

120 130 140 150 160 170 180
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m,, (GeV)

E weights / GeV
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Events/2.5 GeV

7I TTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTT I7
35 — .. & Data —
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30 *H 2z 4 B Z+jets, tt —
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B 7 Uncertainty

25 [ =
20 } =

15|

10: P

o o . L . g
80 90 100 110120 130 140 150 160 170
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) = — T ]
OO: —e— Data ATLAS Preliminary
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180 )
- Signal + Background H—yy, m =125.09 GeV T
160 Signal A =
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140 :_ event categories _:
120/— —
100 —
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60— —
40— —
20— —
= i, U -
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10— =
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Best-fit u/ o @ 125.09 GeV

H—oZZ

° CMS: [i =0.99 +033 454
e ATLAS:0=81=+16pb
(osm =55.5 + 4.1 pb exp.)

H—vyy

N

* ATLAS:[i=0.85+0.21
* CMS:{1=0.91+0.20

Signal strengths also measured

per production mode via
dedicated event categories

= see backup
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Measuring properties

* CMS measured the mass and width in the H—=ZZ—4l final state: both compatible with
SM expectation & Run 1 results

o Width measured using only on-shell region (105 < m4 < 140 GeV) and the
combination with the off-shell region (105 < m4 < 1600 GeV) which greatly enhances

sensitivity
CMS Preliminary 12.9 fb™ (13 TeV) CMS Preliminary 12.9 fo™ (13 TeV)
I L R AR R RARANRARRS RAARN RARRN RAARE RAS B 16;‘”\”w”w”w”"\‘”w”w”w”‘/u”,
= [ 105GeV <m,< 140 GeV 1 = [ 105GeV <m,< 1600 GeV '
< 14 -1 < 14 —
& - —Observed QN - —Observed
12~ ---Expected | 12, ---Expected B ]
or E Th < 41 MeV (95o CL) -
8- - 8- ) ]
61 . 61 .
W _
o, 2j o, E
oL ] N AT
0O 05 1 15 2 25 3 35 4 45 0 001002003004005006007008009
I, [GeV] I, [GeV]
Parameter mys range Observed Expected
Ty (GeV) [100,1600] 0.0107901% [0.000,0.041]  0.00415053 [0.000,0.032]
I'y (GeV)  [105,140] 0.313:5 [0.0,3.9] 0.01545 [0.0,2.7]
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B “SNyA uy | | | =S

my=124.5 + 0.48 GeV

CMS Prellm/nary
LI ‘ T ‘ NT T ‘ LI

12.9 fb™ (13 TeV)

a o

o W B Qo
T | T T | T T | T T ! T T | T T | T TTT | TTTT]
i

—
— 2e2u

— 4e

Combined

120 121 122 123 124 125 126 127 128
m,, (GeV)
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wl, 3T T
“ [ ATLAS and CMS
Kappa framework ATLAS an: _
2.5 ]
e Remains a useful model for testing for deviations - D Combinec
from the SM expectation T e ]
. [JH—>t
* 2D kv-kr scans produced for H=ZZ and H—yy 15f -
decay modes ;
1+

o Eventually combination of all final states will
provide the strongest constraint due to
complementary regions of sensitivity, i.e.

o

. . [ —— 68% CL 95% CL 4 Bestfit % SM expected -
ATLAS+CMS Run 1 combination ) SRR M i Sl i
0 0.5 1 1.5 2
o
v
¥ Jr—rT T i s T CMS Preliminary 12.9fb" (13TeV)
- ATLAS Preliminary | : . g SprrrrTrIrT ‘ . 10—
: ; - Hoyy s
2_5—H—>ZZ*—>4| ] 250 , Y
- . L m,, Profiled =
- 13TeV, 14.8 10" i - g O
o[ M =125.09 GeV E o[ BestFi
i i 1.5
1.5/ .
-+ Best fit ’ 1
- —68% CL -
1 - 95% CL — 0-5
- 1r SM .
i I 0
0.5 - e
B | -05 | x
i 1 | | 1 I 1 1 I | | I | 1 1 1 i —O
% 0.5 1 15 2 D 02 04 06 08 1 1.2 1.4 1.6 1.8 2
Ky
Ky
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J T T | I T I:' T I | T T | T I T I | | T
ATLAS Preliminary
H— ZZ" - 4l

13 TeV, 14.8 fb™

2 Aln(L)
(e))

Fiducial cross sections

lllllllll]ll

o Fiducial volumes chosen to match experimental
acceptance as closely as possible

o Minimises extrapolation which depends on 3

4¢ +1.01
E : Tfig sum = 448239 1D
4 - : 4¢ +1.02

' : O fid.comb — =4.547q, tb

45 — +0.21
ﬁd SM =3.07 -0.25 fb.

llll]llll]lll[

theoretical modelling and assumptions on , — Obs. stat. + syst. unc, -
relative production mode rates e e

o Measured values compared to latest N3LO ggH T 1
prediction e B
ATLASH—Z2Z ol [fo]

5.1 b (7 TeV), 19.7 b (8 TeV), 12.9 tb" (13 TeV)

| g | 5 IIIIIII | T 1T | T 1T | T TT | T 1T | T 1T | T TT | 1T
Q0 B -1 -1
&= B CMS Preliminary . 19.7 b (8 TeV) + 12.9 b (13 TeV)
| A . . _|_18 . +16 +8 _I T | LI | T T 1T | T T T | T T TT | LI | LI | LI | TT
b‘g 4 = ¢  Data (stat. @ sys. unc.) afld =69 22fb =69 —22 (Stat') —6 (SySt')fb - CMS Preliminary ]
B = Systematic uncertainty O,fld _ 73 8 :I: 3 8 fb :_ E
B |:| Model dependence - T H—yy 7
3 %%%iit Standard model (m_ =125 GeV, N°LO gg— H ] 80~ ¢ Data (best-itm,) ]
B i = syst. uncertainty 7
B i — - B8 SM (m,=125.09 GeV) . ]
- - CMSH YY 70: - norm. LHC Higgs XSWG YR4 ay .
2 B ] - - acc. AMC@NLO ‘ .
- i 601 ]
Uy pp = (H = 4l) +X — 50F =
O __I 1 1 | 111 | 1111 | 111 | 111 | 1111 | 111 | 111 | 1 1 I__ 40 :_ _:
7 8 9 10 11 12 13 14 - 49 .
30— 4 -]
ATLAS H— ‘s (TeV) - S CMSH—ZZ -
YY 3 .
20 I_I | | | I | | I | | | | | | | | | | 1 1
1ducial region Vleasured cross section VI prediction 7 8 9 10 L 12 13 14

Baseline 43.2 +£14.9 (stat.) = 4.9 (syst.) | 62.8 73] [N3LO + XH]

VBF-enhanced | 4.0+ 1.4 (stat.) £ 0.7 (syst.) | 2.04+0.13 [NNLOPS + XH]
single lepton 1.5 £ 0.8 (stat.) £ 0.2 (syst.) | 0.56 +£0.03 [NNLOPS + XH]

Oha. = 2297070 (stat.) 039 (sys.) 0o (model dep.) fb
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Fiducial differential cross sections

» Differential cross sections 5 ~ SMSPeimnay ooty - CMS Prolminary 129113 Tey
. — 102 E + Data (stat®sys. unc. % —H (POWHEG+JHUGen) + XH3 - Data (stat.®sys. unc. Z 7, 9g—H (POWHEG+JHUGen) + XH4
give even more model- o e e & * e ’%‘> ;
) . . b C stematic uncertaint Model dependence ] B T Systematic uncertaint Model dependence
independent information 10f (7] x1=ver + v S i s R i
. C 1 T : ; ;
on the Higgs boson fp 1= %%%
. . A% l 19 ol 1
properties : : / IRCHL: |
-1 : z :g
o Q M s
B T 0% 3
10%g | | | - PR s e b
Y H_;VV and H_;ZZ at g N [ ] [ I % 5 S T [ I B S I I
z 3L . = ]8r l RN SR
M o O T 8 1 O . SOOI O
13 TeV given for several T %3 l - s é; TL s _
o 1 -}~ = % 2 000 5 0000000000000 OO000000 00O
1 H 1 H g 05 B /T/ e S S g :\ 1] ‘ [ 1\ \”N”\ \\T [ ‘\ 1 \1 L1 ’”\m\ ‘”rr‘ \\‘ 11 \:
variable mdUdmg PT and 70 1 5 =3 0O 20 40 60 80 100 120 140 160 180 200
Njets N(jets) p.(H) [GeV]
£ [ATLas proiminay | m-1200G0V | 3 | [ATLAS Pratmimary | mmotzsecev
S -+ data, tot.unc. [Jsyst.unc. I ig%HzN:\.l:-éDPS + XH_ g 4 data, tot. unc. [ systunc. B ig—>H_N1N:_c()JPS + XH.
b d _H_Wy’ ls=13TeV, 1331 —_—— XS;?IZHVBF + VH + ttH | ; :H—>y}/, (s=13Tev, 1331 - Xiq/—;HV_BF..F VH + ttH |
¢ Can e Compare to 40 anti k, R =0.4, p_>30 GeV % 1 4
different generator | | g
predictions !
201 -
0.5 -
!
|

» Also possible to use as ST TP S S : —

probe of BSM : 7 P e

contributions that appear 2 | L = |

in the tails of distributions~ * o . . | . |} * o . |
B - B = Ny 0 20 40 60 80 100 120 140 160p YlS[% e\2/?
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Simplified template cross sections

e i 1fi (EWqqH) (H + leptonic V')
o YR4 (arXiv:1610.07922) proposes simplified - = e . T —
template cross sections |
e : : .
o Several stages proposed Wlth increasing split mrmey -ioza]  Stage O
of production modes by jet multiplicity, pt etc 99~ 2H]
» Possibility to connect to BSM models in
different frameworks, e.g. kappa model, EFT ATLAS Preliminary m,=125.09 GeV
coefficients s=13 TeV, 13.3 fo™' (yy), 14.8 fb" (Z2)

-8~ Observed 68% CL SM Prediction

* First results from ATLAS combining H—yy and

7z
o-'B
H—77 (c-B) e
- (0B O
ATLAS Preliminary m,=125.09 GeV ATLAS Preliminary m,=125.09 GeV 99
s=13 TeV, 13.3 fb™ (yy), 14.8 fb™ (Z2) \s=13 TeV, 13.3 b (yy), 14.8 fb' (Z2) . B B
-8~ Observed 68% CL SM Prediction -@- Observed 68% CL SM Prediction (O ’ )VBF ®
099': - YY
B i (o-BY% —— (0 B)VBF ®
Oyver —— B N
- . R
B | ( B)VHhad ¢
OVHhad < B''/B%| wem - B n
. . —
~ — (0 B)VHIep
OVHiep —_—— B n — _|
i ] (c-B)" ——
Oyge/ Oggr ® top
Otop - |III|III|III|III|III|I
Hl‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘ lllllll ‘lllllllllllllllllll _4 _2 O 2 4 6
54 3 -2-10 12 3 45 0 1 2 3 4 5
Parameter value norm. to SM value Parameter value norm. to SM value Parameter value norm. to SM value
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Effective Lagrangian interpretation

o Use Higgs Characterisation model to probe for
anomalous couplings in H—=ZZ—4l:
e BSM scalar - Knvv
o BSM pseudo-scalar - kavv*sin(a)
o Split events into categories sensitive to different
Higgs production modes
e Fix SM contribution cos(a)*ksm to 1
e Presence of BSM interactions modifies signal yields

1 _
Ly = {CoﬁSM [§gHZZ ZMZM + Jaww W;W H
11

uv
CaRuzz VZ
4 A H

11 D
— §K CaRgww le—VW H

1
— —c

AOé

7 v
Sakazz ;LI/ZM]

+ 17—
Sakawy) Woo, W H |

A. Gilbert

[/iHa,y 2,0, A" + Kpoy 2,0, 21 + (/{Haw Wj@MW_W + h.c.)] }Xo :

-2AlIn(L)

12—IIIIIIIIIIIIIII
- ATLAS Preliminary

H—- ZZ* - 4l
" 13 TeV,14.8fb"

T

— Observed

----- Expected

IIIIIII]III,'

I‘|J T T

_ ATLAS Preliminary

10— Hin ZZ* - 4l
13 TeV, 14.8 b

l T T T T l T T T T

— Observed

----- Expected /

l T T T ] T

l | I
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Anomalous couplings

* CMS updated constraints on anomalous spin-0 couplings in H—=ZZ—4l| using

decay kinematics

o All results compatible with SM expectation so far

e CMS and ATLAS parametrisations are related (= see backup)

CMS Preliminary 15.7 1" (13 TeV) CMS Preliminary 15.7 fb™' (13 TeV) CMS Preliminary
_l L T T T T ‘ T T T T ‘ T T T T ‘ T T T T l _I t T ‘ '\‘ T T T ‘ T T T T ‘ T T T T ;r _I 1‘, T T T T ‘ T T T T
%l I Observed, ¢ =0or m | % 201~ :." — Observed, ¢, =0orx - %l 7 — Observed, ¢_ =0o0rn
o Nt '-. 1 N 101
1o | Expected, ¢, =0or — B o Expected, ¢ =0orx | I Expected, ¢ =0orx
151 a Y
10} . Y
! 5t
sl -
Los%oL
7680&70L 77777 l\‘; - 7‘% ‘~~
[ 1 iy
% 3 .
Parameter Observed Expected
faz cos(Pa3) —0.561038 [—1.00, 1.00] 0.007532 [—0.59,0.59]
faz cOS(Pa2) —0.061008 [—0.22,0.24] 0.00155¢ [—0.15,0.92]
+0.90 +0.13
faicos(¢pa1) —0.93757 [—1.00,0.10] U [0.77,1.00] 0.007 ;5 [—1.00,0.24] U [0.98,1.00]

27/10/16

15.7 fb™ (13 TeV)

—

- - g ¥RM= T

A. Gilbert
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Anomalous couplings combinations

 Results from Run 1: stronger CMS H;;XXT;)VH—»bb o 1oy
. . .« . a 2 : — [
constraints possible by combining = “cms < |cms uvv and pi
< I VH+VV observed [ correlatedu P
channels but results depend on N R ¥ 40 — ey COMTElAtEA
. 1.5 7 VVobserved | ZHi2Z observed -
exact assumptions made W epents L zzomo 7
| o 0F s
1 woc I WH+WW expected /
I ~7" Hw and pvo
(é 30I_I | T T | T T T T T T | T T | T T | T T | T T I_I :“ independent
N -~ ATLAS H—ZZ" — 4] i 0-5j\ /
' - ls=7TeV, 451" . Nl
25~ Combined s =8TeV, 20.3 6’ - ‘&
- * ] 7 d—_—lﬁ zzll;i S — 1 1
- —— Observed H — WW?* = evuv ] % 0002 0,004 0.006 0.008 0.01 O 0.005 0.01
H— WW* — evuv Is =8 TeV, 20.3 &' 7z
20— ’ ] f5 §2Z
- —— Observed - 3 ag
- H— ZZ* — 4i -
- . CMS 19.7 o' (8 TeV) + 5.1 fo! (7 TeV)
— —] _I 25 | T T T T T T T T | T T T T | T T T T |
15— — £ I —H-2Z 1
i | < i — H->WW, R_=0.5 ]
- i N 20 - — H—>ZZ+WW, R_=0.5 ]
10 B H B — H—>ZZ+WW, R =05, a"'=aZ? -
i y 155k \CMS H=ZZ + H-OWW
5 — A
- 10/
A o :
-8 6 -4 -2 0 2 4 6 8 i
( Kan/Kgy ) “tan a 51~
ATLASH—ZZ + H—-WW i
ot N2 T

|
1
27/10/16 A. Gilbert fa3 COS(943)



Reinterpretation of differential cross sections

Lo = 5‘707 + E'gOg + cgwOpnw + cgpOnlp

* Results from Run 1: ATLAS reinterpret

+ &0y +&,0y + CuwOnw + ¢upOus,

H—yy differential cross sections using an . —
. . 1o C pp—>H—=vyy,Vs=8TeV,20.3fb" ATLAS -
effective Lagrangian approach 0.001F P\ A =
o Statistical correlation matrix between bins 0.00051 //// ) ) l(\\\ =
of different observables provided - allows oF > 4 \\\s\ .
. . - === ——=I -
for further reinterpretation S I
S o -0.0005— RSO NN == o
* Likelihood scans performed for coefficients : S N\ Y :
of new CP-even and CP-odd interactions 0001 \N\] (/ C// * Stancard ocel
- T 7 95%CL -
-0.0015[ \V v W es%cL A
0002 0 0002 0004 0006
%mzf_ppeHeyy, {s=8TeV, 20.3fb" ¢ data E c,

2 — Standard Model ] > H - = i
S - ATLAS Ega:o%omo e 1, pp—~H—=yy, E_8Tev, 203fb" | ATLAS 100
" Crw =005 | =" 28 20 52 52 79 104 105 209 .90
=3 +1.0 1.0 +=1.0 +=1.0 +=1.0 +=1.0 1.0 1.0
| - N — 80
_+_ # . —o 4.7 7.3 9.0 9.7 12.7 22.5 21.6 20.5 -0
_lj- ] =€ 141 +11 =10 =10 =10 +09 =10 =10 | —60
s Lf B I =50
L LL] | 77 3 230 204 286 300 194 153 | —40
_ B - +=1.0 +=1.1 +=1.1 +=0.9 +0.9 =0.9 +1.0 +1.0

‘ S - N —30
% - -0 74.8 40.1 23.0 12.5 4.1 3.7 1.3 0.3 —1%0
g&_o I“?/I\%I@) "-)OI‘S\OI)OI}O_ - +0.5 +1.0 +1.2 +1.2 +1.0 +1.0 +=1.0 +1.1 — 10

}00\0% %%"MG% 1'1)0[6;0?/]% 0-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 I80-100 ‘1 00-200 B

¢JJ 'DT pyy [GeV]
’

27/10/16 A. Gilbert
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ttH — multileptons

 ttH cross section o(13 TeV)/o(8 TeV) ~ 4: improves sensitivity (though

backgrounds also increase)

e Heightened interest due to moderate excess in the Run 1 combination:

o Mtn=2.3=x0.7

o Both CMS and ATLAS continue to see this excess at 13 TeV - stay tuned!

CMS Preliminary 2.3+12.9 fb™' (13 TeV)

m, =125 GeV
— combined w =2.0"" +0.8
| ZKOThad
3l
n=254 ol
_ 1.4 i
u=0.0 12|
ee,noT, 3¢
=
we, not [
n=26"17 . 4z
ew,not |
M = 2.4 _1:23 1111 | 1111 | 1111 | IIIIIIII | 1111 | 1111 | 1111 Comblnatlon
-2 - 2 3 4 5 6
Best fit w=o0/o
27/10/16 A. Gilbert

L L
ATLAS Preliminary

1 I 1 1 1 1 I 1 1 1 1
Vs=13 TeV, 13.21b"

—tot. stat. tot (stat, syst)
F e - 4.0 77 (457, 43
b—e—m 6.2 '35 (28 23
o+ 0.5 i}_‘Z (f}_'g, jfg)
« < 2.2 (68% CL)
0 5 10 15 20 25

best fit M for m =125 GeV
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ttH—bb

o ATLAS results for 13.2 fb-' show a moderate excess

o Systematic uncertainties already important, in

particular the modelling of the tt+b(b) background

e CMS results for 2.7 fb-7 show a deficit

CMS Preliminary 2.7 (13 TeV)

Lepton+Jets u
Dilepton u

Combined ——

| | | | | | | | | | | | | | |

-10 -5 0 5

Best fitu =o/o_ _at m, =125 GeV
SM
CMS

27/10/16

Dilepton

Single Lepton

Combined

A. Gilbert

Uncertainty source Au

tt+ > 1b modelling +0.53 —-0.53
Jet flavour tagging +0.26 -0.26
ttH modelling +0.32 -0.20
Background model statistics +0.25 -0.25
tt+ > 1c modelling +0.24 —-0.23
Jet energy scale and resolution +0.19 -0.19
tt+light modelling +0.19 -0.18
Other background modelling +0.18 -0.18
Jet-vertex association, pileup modelling +0.12 -0.12
Luminosity +0.12 -0.12
ttZ modelling +0.06 —0.06
Light lepton (e, u) ID, isolation, trigger +0.05 —0.05
Total systematic uncertainty +0.90 -0.75
tt+ > 1b normalisation +0.34 -0.34
tt+ > 1c normalisation +0.14 -0.14
Statistical uncertainty +0.49 -0.49
Total uncertainty +1.02 -0.89

ATLAS Preliminary ttH (bE), \s =13 TeV, 13.2 fb"

| L I-i-ltl T T [T T T T T T T T T T 77T |
— | Ol.
Stat.
Tot. ( Stat. Syst. )
+29 , +14 +26
——e——my 46 55( 545 )
+1.1 , +0.5 +1.0
-o-— 1.6 5 (o5 09 )
+1.0 , +0.5 +0.9
o 2.1 59 ( 05 07 )
e by v e by by v by b b v by v by o by g 1y
0O 2 4 6 8 10 12 14 16 18

Best fit p = 6™/ctH for m, = 125 GeV

ATLAS
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ttH - combination

o Combination of yy, multilepton and bb analyses from ATLAS gives a consistent
picture with Run 1 results

ATLAS Preliminary Vs=13 TeV, 13.2-13.3 fb" ATLAS Preliminary Vs=13 TeV, 13.2-13.3 fb™
—total stat. (tot.) (stat., syst.) :
ftH(H—yy) | F—8—— N +2 (412 402 ttH(H—=y) :
(13 TeV 1(3.3 be1Y)) 0.3 -1.0 ( -1.0 -0.2 ) (13 Tev 13.31b ™)
H(H— ——e—— #1.3 407 411 fH(H—WW/tt/ZZ
ttH(H—WW/tv/ZZ) 25 27 (07, Tos ) ( - ) : : ‘
(13 Tev 1321 ™) (13 TeV 13.21b") Lo
. = +1.0 ;405 +0.9 tH(H—bb : :
ttH(H—bb) == 21 09 (55,07 ) 1 Ttt\”( zftl)gb) : : ‘
(13 Tev 13.21b™") (13Tev13.21b™) : i 2 | Expected (u=0) = 1o
ttH combination P 1.8 +0.7 ( +0.4 +0.6 ) ttH Combination : ----- Expected (u=0) = 20
(13 TeV) ) _0'7 0.4 -0.5 (13TeV) E:. ..... TRPRISTINL NETPTPRPRTIS AR — Observed
T Co . i ) t inati : S Expected (u=1)
ttH combination —o—— 1.7 *08 ( ¥0.5 407 ) ttH Combination : :
(7-8TeV, 4.5-20.3fb_1) T T Ol I—0.|8 L (IJSI IO'IG | (7-8TeV, 4"5-20'3&)1)! I ce v b I by ey by by 1y
0 2 4 6 g 10 r 2 8 4 5 6 7

Run 2 combination gives 2.8c observed significance (1.80 expected)
Already exceeds Run 1 sensitivity (1.50 expected)

Some tensions between individual channels in CMS and ATLAS to be resolved
with further data and (hopefully) reduction of systematic uncertainties

|CMS ttH—oyy (13Tev, 12911 1.9 +1:3 45

27/10/16 A. Gilbert 25



VH—-bb

ATLAS-CONF-2016-091

o Updated result with 13.2 fb-! from ATLAS

» Analysis makes use of BDTs trained to
separate signal in categories based on the
number of jets and pr(V)

* Validated by extracting VZ—bb as signal
instead: pvz=0.91 £ 0.17 (stat) £ 0.30 (syst)

ATLAS Preliminary Vs=13 TeV, [L dt= 13.2 fb”

ZH

WH

Combination

27/10/16

| — Tot. _
St Tot. ( Stat. Syst. )
+0.67 ([ +0.49 +0.45
— k== 0'15—0.64 (—0.47 —0.44) .
| e +0.95 [+0.68 +0.68) _|
0'33—0.92 (—0.64 —0.67)
— F-0-4 +0.51 +0.36 +0.36\ —
0'21—0.50 (—0.35 —0.36)
1 I | 1 | 1 1 l 1 1 1 I 1 1 1 | 1 1 | I
0 2 4 6 8 10

Best fit u=c/c__for m =125 GeV
SM

A. Gilbert

LQ 108EflllIIIIIllIIIIIIIIIIlllII]IIIlIIIIIlIIIIIIIIII
o = _
> 107 - ATLAS Preliminary -o- Data
k%) E - _ 1 mm VH(bb) (1=1.0)
§ = (s=13TeV JLdt=13.2f0 == Diboson

6 tt
w10 E_ pm Single top

s mm W+(bb,bc,cc,bl)

10 B Z+(bb,bc,cc,bl)

| lll|,|,|,|| | lIllI||I | IIllII,II ] IIIII|,|,| | Illl|,|,|,| | Illll|,|| | IllIl|,|,| ] lIlIll,I

st NIREREN

|
-4 35 -3

Pull (stat.)

Iogm(S/B)

 Slight deficit in measured signal
strength, similar to run 1

WH-bb 1.0 + 0.4 (stat) = 0.3(syst)

ZH-bb 0.4 + 0.3 (stat) £ 0.2 (syst)
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ATLAS-CONF-2016-063

VBF H—bb CMS-PAS-HIG-16-003

o« CMS: 2.3 fb! of 13 TeV data - similar strategy to Run 1

o ATLAS: novel approach requiring high pry in the final state - more efficient
triggering and reduced non-resonant background

CMS Preliminary 19.8fo" (8TeV) +2.32 b (13TeV)

% :'IA'fLIAé'IF;r"l,I'.'II"|_l.‘_"Dla‘ta' ,,,,,,,,,,, R J 7_| llllllllll“‘lIlllll‘:llllll|llllll:'lllllll'll-
3 E elmlnarg./1 " VBF H(125) + v x 101 (- VBFH — bb -
g -~ Vs=13TeV, 12.6 0" pm z+v (QCD) . e C : \ , [
o - Z + v (EWK) 6 — 8TeV Observed ' i -
P> 60— High BDT Nonﬁes Bkgd < - ---8TeV Expected \ ' S
= - —— Uncertainty C}l . —— 13TeV Observed —
© 50 — 5‘_ - - - 13TeV Expected, ] N
e + - —— 8TeV + 13TeV Observed ! .
— - e | ---8TeV +13TeV Expected '}
60 80 100 120 140 160 180 200 220 240
m,, [GeV]
CMS Run1 + Run2 combined
1.3 +1.2 1.1
-0.8+2.3 o Both measurements with relatively large
- +2.8 : : 1 1
0.39+28.57 uncertainties and compatible with SM

27/10/16 A. Gilbert 27



Summary

o Currently the best global picture of Higgs boson couplings from the Run 1
ATLAS+CMS combination

» There is good progress on moving beyond the signal strength and kappa
framework results:

o Fiducial inclusive and differential measurements
o Direct EFT interpretations
o Template cross sections

» With a large 13 TeV dataset now in hand will significantly improve sensitivity in
new results by early next year

27/10/16 A. Gilbert
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Signal strength ratios

e Normalise the rate for any particular channel to a
reference process using ratios of cross sections

and branching ratios

e Motivation:

o Explicitly no assumptions on relative cross

sections or BRs (unlike other results)
o Measured values independent of SM

prediction and inclusive theory uncertainties

o Cancellation of common systematic
uncertainties in ratios

Choose reference process as one measured with

the smallest systematic uncertainty: gg—=H—2Z

27/10/16

A. Gilbert

Assumptions

- Only the 7/8 TeV ratios

P o BR/
o,-BR =0(gg > H—> Z7Z) X X ==
O-ggF BR
ATLAS and CMS S ATASTOMS
_LHC Run 1 | . CMS
: —_+10
o(gg—H—=Z2) | S — —+20
- : Th. uncert.
0‘VBF/O-ggF ——!———_‘_.__
OWH/OggF - o=
O-ZH/O-ggF ¥ * et —
O-ttH/O-ggF ¥ n
WW/n ZZ —-0-'-—
B"™"/B ——--—
BYY/BZZ _'.'E'_
B™/B# .
bb /o 2Z - |
B™/B I e
IIII|IIIIIIIII|IIII|IIII|IIII|IIII
-1 0 1 2 3 4 5 6

Parameter value norm. to SM prediction

)
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Signal strength ratios

o Largest disagreement in BRPP/BR?Z(2.40) o BRS
o BR =0(gg > H—> ZZ) x| —— | x| —|.
O-ggF BR
e Though some care needed with the uncertainties
. . . -- ATLAS+CMS
on ratios = non-Gaussian behaviour AreAs and CMS + ATLAS
| -+ CMS
' —=+10
o(gg—H—Z2) | — 120
L : Th. uncert.
< L 1 e . o /O_ :I ®
(- E ATLAS and CMS [OSSF’ Oyer/ Oggrr O/ Oggrr O/ Oggrs GZH/OggF’E VBF “ggF __‘.-_T
a 9 :_ L HC Run 1 B™ BZ, B/ B%Z B"/BZ B"W/ B —: - :
I N ] o, /o o=
8 — Observed __ WH' ~ggF ; : x
[ e SM expected . —
75_ ‘ -' _E O-ZH/O-ggF = * ¢ —
61 = B i
55 E O-ttH/O-ggF == ¢ "
: : B -
4 : : BWW/BZZ __'_;__
35— _E B /BZZ —-0-'—
2\ N/ < — :
R W N s :
- e I‘ I | .
0 1 15 2

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

o Correlation matrix also provided

e Non-zero correlations due to use of ratios which
explicitly relate different processes

ATLAS and CMS LHC Run 1
olgg—H—22) 010 -016 -015 —0.42 -0.34 -0.20 —0.05 ;
> 0.8%
S Over/Or | —0.25 0.12 0.16 -0.13 -0.15 -0.33 -0.03
2 —0.6
€
® O/ [-0.10 0.10 003 -0.02 -0.13 -0.12 020 [ |, ,
© .
o

0,/0r | -0.16 0.12 -0.16 -0.01 -0.11 -0.13 -0.50| _{go
O/ |-0.15 0.16 0.03 0.10 -0.11 -0.12 -0.08| —0
B"W/BZ | _0.42 -0.13 -0.02 -0.01 -0.11 024 018 o006 | 102
g2z —-0.4
B"/BZ | -0.34 -0.15 -0.13 -0.11 -0.11 0.24 0.09
—-0.6
B/BZ | -0.20 -0.33 -0.12 -0.13 -0.12 0.18 0.22 0.08
—-0.8
B*/BZZ | —-0.05 -0.03 0.20 -0.50 -0.08 0.06 0.09 0.08
o o o o o W ¥ 25 b T
(gg\,y\gg%gp wlo wlo wlo B, 8 nze B gz 8%z
Parameter X
27/10/16 A. Gilbert

P o BR/
o, -BR =0(gg > H— Z7Z) X X
l Y4
O-ggF BR
ATLAS and CMS S ATASTOMS
_LHC Run 1 | . CMS
: —+10
o(gg—H—=Z2) | — 120
- : Th. uncert.
0‘VBF/O-ggF ——!———_‘_._‘_
0’WH/OggF e i =*
0-ZH/O-ggF ¥ T et —
O-ttH/O-ggF == n
WW/in7ZZ —'.';'—
B™"/B ——--—
BYY/BZZ _'.'E'_
B™/B% .
bb /nZZ = |
B™/B e
IIII|IIII|IIII|IIII|IIII|IIII|IIII
-1 0 1 2 3 4 5 6

Parameter value norm. to SM prediction
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L|_2.5III|III|III|III|III|IIIIII|III|III|III

2D scans of Ky, K “* | ATLASand CMS CJH
~ LHC Run 1 H—27z
ol Preliminary [JH—-ww

- H — bb

|:|H—>'c17

o Commonly-presented model in which [ Combined

1.5
¢ Kv = Kw =Kz i
* KF =Kt =Kp =Ky 1
o Perform additional scans in a model with 0.5 i
separate kvf, kKef per decay-mode S Eeeti gL :
° ° ° _I 1 | | 1 1 | | 1 1 | | 1 1 | | 1 1 1 | 1 1 | | 1 1 | | 1 1 1 | 1 1 | | 1 | I_
e |n contrast to previous CMS combinations 02040608 1 121416418 2
this is a 10 parameter fit instead of 5 x 2 Kl
paramEter fitS LL T T 17T | T T 17T | T T 17T | T T 17T T T 17T T T 17T T T 17T
“ 1.6 ATLAS and CMS s
o ] i LHC Run 1 . i
» Here the best-fit is restricted to quadrant where 1.4 Preliminary -
Kv>0, Ke>0 ] 2:_ | -
. . i -
o All channels compatible with ky=kr=1 X ]
0.8 .
0.6~ [JATLAS -
. *SM  —68%CL [Jcms il
0.4 + Bestfit ---95% CL [CJATLAS+CMS
| I | | | I | | | I | | | I | | | I | | | I | | | I |
07 08 09 1 11 12 13 1.4
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2D scans of Ky, K

* Most channels nearly degenerate in relative sign of kv and K¢

Ll L I I L B B B B B L L

¥ 2F ATLAS and CMS =

- LHC Run 1 ]

1.5 Preliminary ]
;_T\LL 1 0 = T T T T N T T T T N T T T T N T T T T N T T T T N T T T T q : D H - : E‘\LL 1 0 F TTT N T T N TTrTT N TTrTT N T 11T N L N TTrTT N TTrTT N T T N TTT B
X gi ATLAS and CMS [ 0P Wi Wk B kG E e KR - Y B X gi ATLAS and CMS [ A R R )
< - LHCRun1 === SM expected E 1__ |:| H—ZZ ] < - LHCRun1 - SM expected E
ﬁ 8- Preliminary — Observed = S E ] ﬁ 8 Preliminary — Observed =
Lo E 0.5F CiH—bp : LT E
62_ —z O:_ [(JH—->w E 6F =
5F E : [J Combined ] 55 E
= = - = = =
4 A L E —O . 5 C . 4 E 3
3E A - @ o< ] 3 E
- Y N I L = LN
s : 1 g
0: 1 1 1 1 I 1 1 1 1 I\‘jl. 1 1 I 1 1 1 ‘I‘MI I 1 1 1 1 : _1 -5:_ _: EI 111 I 11 11 I 1 II\“:J:I 11 I 11 11 I 111 1 I 11 I‘MI 1 I 1111 I 11| IE

S — = 0 1 > 3 - *SM  —68%CL - Q5515 1 205 0 05 1 15 2 25
T —2F * Best fit ---95% CL * - T
F coo v by e e v by Py T F
0 0.5 1 1.5 2

Ky
'\/‘\ 1 0 E T T T T N T T T T N T T T T N T T T T N T T T T N T T T T B g/-\ 1 O E T 17T N T 1T N T T 17T N LI N T 1T N T T 17T N LI N T 17T B -6\ 1 0 E T 17T N T 1T 1T N LI N LI N T T 17T N T 1T N T 1T N T 17T B
Nzu' gi ATLAS and CMS [P, kEP i W e WW 22 1 B2 e el XExRY] 3 3T gi ATLAS and CMS [1c20 1 EP i W e WW 322 122 e LY ey KERT] 3“‘ gi ATLAS and CMS [P ik EP e MW e WW e 22 182 i L il XExy] 3
Z E LHC Run1t === SM expected 3 \:/ - LHC Run1t === SM expected 3 < = LHC Run1t === SM expected 3
£ 8F- Preliminary — Observed 3 c 8 Preliminary — Observed 3 £ 8 Preliminary — Observed 3
o E = - E = a E =
Yo E ¥ 7 - T -
oF E oF E oF E
5E E 55 ; 5 E
4 : 4F : 4 :
3 E 3 E 3 E
1 E- ........................... ":‘ 1 E ““‘ .,' “_“ ':,' E 1 E “.‘. » D ‘,“ E
0 E | A__:% -f: IR BT “t. M I é o E RN B |"M| ' BTN B R A A A |“‘P L,Y”n' ' BN 3 G E v v v b v by by IM ' BT =
=3 -2 -1 0 1 2 3 2 -15 -1 -05 O 0.5 1 1.5 2 2 -15 -1 -05 O 0.5 1 1.5 2
KZ KW KEP
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2D scans of Ky, K

* Most channels nearly degenerate in relative sign of kv and K¢

strongly disfavour common ky

27/10/16

2
1.5

—

0.5
0

In the negative kr quadrant channels

— ATLAS and CMS
- LHC Run 1
— Preliminary

- [] Combine

0

IIII|IIII|IIII|LIII|IIIIIIII|IIII|IIII|II

L DL L L L
- ATLAS and CMS

LHC Run 1
Preliminary

b\
»
[\
[\
[\
[\
o
»

SM expected

—— Observed

1O

*OM  —e8% CL
—2— + Best fit ---95%"
I I | I I I I | I I I I
0 0.5
A. Gilbert
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Signal Processes - Summary

27/10/16

Production Loops Interference Multiplicative factor
o(ggF) v b—t kg ~ 1.06- K;l +0.01 - Kﬁ —0.07 - k;ky
o (VBF) = = 0.74 - K3y +0.26 - k5
o(WH) — — K%V
o(qq/qg — ZH) — - K%
o(gg — ZH) v Z—1 2.27 - k5 +0.37 -k — 1.64 - k&,
o(ttH) - - K?
o(gb — WiH) - W -1t 1.84 - k7 + 1.57 - kiy — 2.41 - k Ky
o(qgb — tHq) - W —t 3.4 k2 +3.56- kyy — 5.96 - k Ky
o (bbH) = = ki
Partial decay width
rZZ B B K%
rvw B B K\2N
r v W -t K 1.59- Ky +0.07 - k7 = 0.66 - Ky K,
e - - 2
rbb - - K%
HH - - Kfl
Total width for BRggy = 0
0.57 - ki, +0.22 - 3y + 0.09 - k5+
Iy v - ki~ +0.06-k2+0.03 k3 +0.03 - k2+
+0.0023 - k7 + 0.0016 - k7, +
+0.0001 - k5 +0.00022 - k;
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13 TeV signal strengths by production mode

CMS rreliminary 12.9 b (13 TeV)
T T T I T I T I T T T I T
H—>yy = Combined = 1o
—— Per category + 10
- EE M=MSM
w077 ez )
H - +0.
% M combined — 0.95 -0.18
B my, Profiled o
+0.9 —
Mygp | 1070 My =1
+1.5
W | 191705
1 1 1 | 1 | 1 1 1 | 1 1 1 | 1
-2 0 4 6 8

ATLAS H—vyy

L B L L L L L L L L B L B
ATLAS Preliminary —e— Total
L Vs=13TeV, 13.3fb"
M — i My =°0-25 tg’::g
MVH N o Mom =023 js;
Moge — —— W, =224 “or
g L e e =089 "0
Meune o B = 085 1020
Hrun- i L %Ff””.'1|=.1'.1.7.j$:§.2.
-2 -1 0 1 3 4 5
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Signal Strength

T ooFrbbH+iH - BH — z77) = 1'80t8:i?1
OVBF B(H - ZZ*) = 037t8%§ pb
OVH - B(H — ZZ*) — 0+0.15 pb

CMS Preliminary

12.9 b (13 TeV)

H— ZZ* — 4
m,, = 125.09 GeV

-0 99+O.33

low ~0.26

comb.

mo 0.9670 20 I.
u,. = 067705 fe
n,, = 1.84775
no = 8.41' 5%

5

ATLAS H—Z2Z

pb

A. Gilbert

I
2 4 6 8

CMSH—-2Z

10 12 14 16 18 20 22

W

OSM,VBF * B(H - ZZ*) =0.100 + 0.003 pb
osmvh - B(H — ZZ") = 0.059 £+ 0.002 pb

(8)
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Anomalous coupling approaches

o CMS: HVV 2 HVV 2 —.
AHVV) ~ [af™V + A\ /B M 1 ms, €5 €
(AI{IVV)Z 1 1 2
e Define cross section fractions: BSM CP-even
|a3|2f73 as
fa3 = , (Pa3 = arg | —
a1 |20 + a2 |20 + |as|205 + a1/ (A1)* +... a

e ATLAS: LX = {COS(CL’)K

11 . st
~3A [COS(a’)KHWW Qv + SlIl(a’)KAWW /JVW ”V]}Xo.

e ATLAS coupling ratios can be related CMS cross sections:

gil*o; gi
Jqi ¢; = arg|—|.

lg112071 + 192202 + |gal?oy g1

alzﬂvv f;;gl) f*(2)w ag—lvv f;y) f'*(Z)]/t

BSM CP-odd

- 2
»  onvy (kgvy s OAVY
, and rj; =

| O—
21
2 osm \ ksm

1. (i=2,4),

1 + 72
i1

OsM

Joi =

27/10/16 A. Gilbert

ksm

~ 2
k
( AVV) tan2 Q.
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Fiducial cross sections

Requirements for the H — 4/ fiducial phase space
Lepton kinematics and isolation
Leading lepton pr pr > 20 GeV
Next-to-leading lepton pr pt > 10 GeV
Additional electrons (muons) pr pr > 7(5) GeV
Pseudorapidity of electrons (muons) | < 2.5(2.4) CMSH—ZZ
Sum of scalar pt of all stable particles within AR < 0.4 from lepton <04-p fiducial
Event topology definition
Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z; candidate 40GeV < mz, < 120GeV
Inv. mass of the Z, candidate 12GeV < mz, <120GeV
Distance between selected four leptons AR({;,£;) > 0.02 for any i # j
Inv. mass of any opposite sign lepton pair My+p— > 4GeV
Inv. mass of the selected four leptons 105 GeV < my, < 140 GeV
Lepton definition
Muons: pt > 5 GeV, || < 2.7 Electrons: pt > 7 GeV, || < 2.47
Pairing
Leading pair: SFOS lepton pair with smallest |mz — my,|
- - o S ATLASH—ZZ
Sub-leading pair: Remaining SFOS lepton pair with smallest [mz — mg/| fiducial
Event selection ...
definition

Lepton kinematics: Leading leptons pt > 20, 15, 10 GeV

Mass requirements: 50 < myo < 106 GeV; 12 < m3q4 < 115 GeV

Lepton separation:  AR({;, £;) > 0.1(0.2) for same(opposite)-flavour leptons
J/y veto: m(¢{;, €;) > 5 GeV for all SFOS lepton pairs

Mass window: 115 < myp < 130 GeV
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Fiducial cross sections

71,(2)
o e %(%) for the generator-level transverse momentum of the leading (sublead-

Moy
ing) photon, CMS H—yy
° Wgen\ < 2.5 for the generator-level pseudorapidities of both photon fiducial
e the generator-level isolation of the photons, calculated as the sum of the transverse definition

momenta of all stable particles inside a cone of aperture R = 0.3 around the photon,
is required to be smaller than 10 GeV.

diphoton baseline VBF enhanced single lepton
Photons In| < 1.37 or 1.52 < |n| < 2.37
pr > 0.35my, and pF > 0.25m.,

Jets - pr > 30GeV | |y| < 4.4 - ATLAS H—yy

. m;; > 400 GeV, |Ay;;| > 2.8 . fiducial

_ ’A¢’Y’Y,jj‘ > 2.6 - definition
Leptons - - pr > 15 GeV

In| < 2.47
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