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Decay of a spin-0 resonance

Interaction between a spin-0 Higgs boson and two gauge bosons, VViand V>

VV 2

KVqu + Ky ' g . (1) rs (1) 7
AMHVV) ~ |afV + %\])22\/2 M €1€v2 + “gvf;ng )f (2)pv +aglvfmg )f ()
1

Equivalent to EFT Lagrangian, next slide.
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Decay of a spin-0 resonance

Interaction between a spin-0 Higgs boson and two gauge bosons, VViand V>

CP even
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Decay of a spin-0 resonance

Interaction between a spin-0 Higgs boson and two gauge bosons, VViand V>

CP even
VV .2

quz TK q * K *(1) %
AHVV) ~ |af" + %\])22\/2 My1€91€V2 agvflg )f 2
1

Equivalent to EFT Lagrangian, next slide.

Measurements

Hypothesis tests Tensor structure

Pure 0~ (a3) or On* (a2) states 11 anomalous couplings
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EFT Lagrangian

ATLAS >4

EXPERIMENT S

2
L(HVV) ~ a; %

1 1 A
HZMZ,, — (/’\‘—i)zmészDz%‘ — SWHZMZ,y, — S0 HZMZ,,

{cos(a)KSM [%gyzzZyZ” + gHWWW; W-#]

_ 1 _ _
+ A" md HW W, — —— m3 H (K}NWWF OW* 4 MWW OW #)

LAy

—ay VHWTW,, — a3 VHW W,

- %% [COS((I)KHZZz”yZ” Y+ SiIl(a’)K AZZZ,,VZ“ v]

-3k [COS(Q)KHWWWJVW—#V + Sin(“)"AWWW;vW—W]} o

Zy
K . 1 1 .
+ — ; myHZ,d,F* — a5 "HF* Zy,, — a5 "HF*Z,, — 58y ' HF*Fu — Sa3 "HF* Fyy
AF)
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EFT Lagrangian

ATLAS >4

EXPERIMENT S

2
L(HVV) ~ a; %

1 1 A
HZMZ,, — (/’\‘—i)zmészDz%‘ — SWHZMZ,y, — S0 HZMZ,,

1 + /-
{COS(G’)KSM [igszZyZ” +gawwW, W* ]
+alWm HW W, — (A;w) sy H (kI WW OWH W Ow )

—ay VHWTW,, — a3 VHW W,

- %% [COS((I)KHZZz”yZ” Y+ SiIl(a’)K AZZZ,,VZ“ v]

-3k [COS(Q)KHWWWJVW—#V + Sin(“)"AWWW;vW—W]} o

Zy

K . 1 1 -
+ — ; myHZ,d,F* — a5 "HF* Zy,, — a5 "HF*Z,, — 58y ' HF*Fu — Sa3 "HF* Fyy
AF)

|az|*0

|a1 |20'1 + |a2|20'2 + |a3|203 + 01/ (A1)4 + ...

1v 1v

fa2 —

KAvy = 1 Akavy and kpgyy = 2 A KHVY
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ATLAS

EXPERIMENT

2 1 1 k
1 u + W —U L(HVV) ~ a1 "ZHZFZ, — —\ mAHZ, 07" — -a;HZ"Z,, — ~asHZM7Z
— H zH 14y B uv 3 uv
{COS(G’)KSM [ 29HzzZylF + guww W, W ’ (A, : :
+ a‘lem%,VHWﬂ‘W; —_— Wm‘zNH (K}NWW; DW“‘ + KENWW;-DW_")
1
—ay VHWTW,, — a3 VHW W,

- %% [COS((I)KHZZz”yZ” Y+ SiIl(a’)K AZZZ,,VZ“ v]

Zy

- % [COS((Z)K HWW W;VW—#V 4 sin(a)K AWWW;y W‘#Vl} XO + ﬁmgszava — & "HF"'Z,y, — a5 "HF"Z,,, — %aZ7HF""F,¢V - %ag”’HFWI?}w

1v lv _ a2 |*0

K = ——K and = ——K —_—
Avy = 7 oKavy HVYV = 7 KHVY a1 |20 + |a2|20 + |az|205 + Fa1/ (A1) + ...

(Kavy/ksm) - tan «
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ATLAS

EXPERIMENT

2
Mz

- ~ . S _ 1 v . 1 v
{COS((Z)KSM [%gHZZZyZ# +g HWWW;W /1] L(HVV) ~ a1~ £HZV'Z, (Al)szszDzﬂ 50HZM 2,0, — S0 HZIZ,,

1
WW. 2 -+ -
-} a1 meW "W;‘ — W

—ay VHWTW,, — a3 VHW W,

11 : 5 mH ("YW OWH 4 e Ww oW+
IR [COS(Q)KHZZZ;;VZ”V + sm(a)KAZZZ,,vZ”V]

Zry

- % [COS((Z)K HWW W;VW—#V 4 sin(a)K AWWW;y W‘#Vl} XO + ﬁmgszava — & "HF"'Z,y, — a5 "HF"Z,,, — %aZ7HF""F,¢V - %ag”’HFWI?}w

1v 1v - |a2|202

K = ——K and = ——K —_—
Avy = 7 oKavy HVYV = 7 KHVY a1 |20 + |a2|20 + |az|205 + Fa1/ (A1) + ...

(Kavy/ksm) - tan «

Correspond to the ratios of tensor couplings as/a; and ay/a;.
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Simulations

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

ggH SM Hig;
boson

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

HWW

BSM spin-0 | ATLAS

EXPERIMENT

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Spin-T

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Spin-2 ATLAS

EXPERIMENT

Higgs Couplings 2015 5 Durham, 12. - 15. October 2015.



Pros and cons of different channels
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Pros and cons of different channels

High background, low number of sensitive variables, no sensitivity
to spin-0 models

H— YY

Sufficient statistics

Higgs Couplings 2015 6 Durham, 12. - 15. October 2015.



Pros and cons of different channels

; High background, low number of sensitive variables, no sensitivity
3 to spin-0 models

am Sufficient statistics

N Lower statistics

N

T Most sensitive (angular variables + masses fully reconstructable),
L

most significant signal
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Pros and cons of different channels

; High background, low number of sensitive variables, no sensitivity
3 to spin-0 models

I Sufficient statistics

N Lower statistics

N

T Most sensitive (angular variables + masses fully reconstructable),
L most significant signal

= Neutrinos in the final state —> limited resolution

=

:L Large signal yield, angular information from leptons and MET
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H — yy analysis

arXiv:1506.05669

Landau-Yang theorem strongly disfavors
spin-1 particle decay to Yy

)l

o o o
(@) (@) — —k
(@'e) 1 N AN

*

ATLAS Simulation

Sensitive to a possible spin-2 state (s =8 TeV — = ™
p<125GeV ¥l ia,

q

Log-likelihood ratio test statistic

<
P
O
O
D
Z
O
Z
~
NI

cosO* used to discriminate between the
spin hypotheses

__IsinhAp™)|  2py'pr

| cos 67| ;
Myy

1 + (p /mw)2
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H — ZZ analysis

Kinematics can be fully described by 8 variables:

3 masses: mz1, Mmzz2, May
5 angles: 8%, &4, 01, 02, @
Main backgrounds:

Z7* (estimated from M(C)
/+ X estimated from data in CR

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

19.7 fb™ (8 TeV) + 5.1 fb" (7 TeV)

/

e Data ATLAS

B Background zz* H—ZZ*—4|

B Background Z+ets, tt
b ls=7TeV,45fb"
—J'=0"SM

/s=8TeV, 20.3 b’

ATLAS

Bl Background zz* H—ZZ*—4|
259 [ Background Z+jets, tt

# Observed 121.5 <m, < 130.5 GeV t Observed

oM 121.5<m, <130.5 GeV

Entries / (n

[s=7TeV, 4.5 "
/s=8TeV, 20.3fb™"

= >
O O
Q) Q)
Q L0
< l
S~ S~
n %)
] -
S ©
> >
Ll L

—
q
q
m
=
#
—
=
X

| -

)
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H — ZZ analysis (continued)

Hypothesis test Tensor structure

0* vs JP MELA or BDT ME based discriminants
Signal vs. bkg. BDT Signal vs. bkg. BDT
0* vs J® MELA MELA
Signal vs. bkg. MELA Signal vs. bkg. MELA

EEEEEEEEEE

Templates of discriminants or

Templates of discriminants 8D/9D fit method as a crosscheck

Higgs Couplings 2015 9 Durham, 12. - 15. October 2015.



H — WW analysis

o Only partial reconstruction is possible:

Two isolated, high-pr, charged leptons
E1Mss due to the presence of neutrinos in the final state
Important backgrounds: WW, \W+jets, Z+jets, ttbar, single t and dibosons
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H — WW analysis

Only partial reconstruction is possible:

Two isolated, high-pr, charged leptons
E1Mss due to the presence of neutrinos in the final state
Important backgrounds: WW, \W+jets, Z+jets, ttbar, single t and dibosons

Two BDT classifiers to discriminate O
vs. bkg and JP vs. bkg both in the spin-

parity tests and the tensor structure
analyses

BDT input variables: my, Ay, pt', mt
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H — WW analysis

Only partial reconstruction is possible:

ral

Two isolated, high-pr, charged leptons
E1Mss due to the presence of neutrinos in the final state
Important backgrounds: WW, \W+jets, Z+jets, ttbar, single t and dibosons

(]

1

|

arXiv:1411.3441

19.4fb™" (8 TeV) + 4.9 fb' (7 TeV)

=

o 4 Observed
Two BDT classifiers to discriminate 0* Two observables § e
vs. bkg and JF vs. bkg both in the spin- used in the final [E —H-
parity tests and the tensor structure analysis: my and .
analyses mT

BDT input variables: my, Ay, pt', mt
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HVV tensor structure measurements

Interaction Anomalous Coupling Effective
Coupling Phase Fraction

Pa1 fa1

‘PaZ f a2
Pa3 f a3

4)WW
¢a2
Ga3"

Ly
¢

o

a2

HZy
V4
by

fa2 —

|a1|20‘1 -+ |a2|20‘2 -+ |a3|20‘3 +0a1/ (A1)4 + ...

YY
Hyy Va2
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HVV tensor structure measurements

g ERSE T

Interaction Anomalous Coupling Effective
Coupling Phase Fraction

fa2 —

|a1|20‘1 -+ |a2|20‘2 -+ |a3|20‘3 +0a1/ (A1)4 + ...
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HVV tensor structure measurements

Interaction Anomalous Coupling Effective
Coupling Phase Fraction

fa2 —

|a1|20‘1 -+ |a2|20‘2 -+ |a3|20‘3 +0a1/ (A1)4 + ...
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al real

HZZ tensor structure

19.7 b (8 TeV) + 5.1 fb' (7 TeV) 19.7 6" (8 TeV) + 5.1 b (7 TeV)

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

— Observed, ¢a3=0 or m — Observed, ¢a2=0 orm — Observed, ¢, =0orm

--- Expected, ¢A1 =0orm

Expected, ¢a3=0 orm Expected, ¢a2=0 orm

' LYES
il

' a1 NO
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al real

HZZ tensor structure

19.7 b7 (8 TeV) + 5.1 fb" (7 TeV) 19.7 b (8 TeV) + 5.1 fb" (7 TeV) 19.7 o (8 TeV) + 5.1 f”" (7 TeV)
I

— Observed, ¢a3=0 or m — Observed, ¢a2=0 orm — Observed, ¢, =0orm

Expected, ¢a3=0 orm Expected, ¢a2=0 orm --- Expected, ¢A1 =0orxn

Parameter Observed Expected

o =1 -
fa1cos(pa1) 0.22191% [-0.25,0.37 0.00* 248 [—1.00,0.27] 1.1% (16%) i : YES
U[0.92,1.00] e -
fircos(dr)  0.00%941 [—0.66,-0.57]  0.007938 [~0.18,1.00] 5.2% (5.0%) = ': NO
U[—0.15,1.00] -

23 coS(s3 0.0019-14 1-0.40,0.43 0.001933 1-0.70,0.70 0.02% (0.41%)
¢ 0.11 0.33

Higgs Couplings 2015 12 Durham, 12. - 15. October 2015.




al real

HZZ tensor structure

19.7 b7 (8 TeV) + 5.1 fb" (7 TeV) 19.7 b (8 TeV) + 5.1 fb" (7 TeV) 19.7 o (8 TeV) + 5.1 f”" (7 TeV)
I

— Observed, ¢a3=0 or m — Observed, ¢a2=0 orm — Observed, ¢, =0orm

Expected, ¢_=0or Expected, ¢_=0 or = --- Expected, ¢ =0o0rx

Parameter Observed Expected vV =1 - o
fa1cos(pai) 0.22191% [-0.25,0.37 0.00* 248 [—1.00,0.27] 1.1% (16%) " YES
U[0.92,1.00] fm -
faacos(¢pe2)  0.00105% [—0.66,—0.57]  0.001938 [—0.18,1.00] 5.2% (5.0%) i : NO
U[—0.15,1.00] lm =

fa3 cOs(Pa3) 0.001917 [—0.40,043]  0.00t033 [-0.70,0.70]  0.02% (0.41%)

Higgs Couplings 2015 12 Durham, 12. - 15. October 2015.



al cmplx

HZZ tensor structure

19.7 b (8 TeV) + 5.1 fb' (7 TeV) 19.7 b (8 TeV) + 5.1 fb' (7 TeV) 19.7 6" (8 TeV) + 5.1 b (7 TeV)

—¢__ unconstrained —¢_, unconstrained —_ ¢ _unconstrained
ad a2 A

S f
¢a3’ a2 a2

; : — unconstrained
—¢_, T, ¢, unconstrained —¢_, f,, ¢, unconstrained 9,p Tor 0, UNCONS

: ¢a2 unconstrained )

, f _, & unconstrained — ¢ , & unconstrained
a3’ "a3 a3

, f
AT a3

" ivES
"7 IND
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al cmplx

HZZ tensor structure

19.7 b (8 TeV) + 5.1 fb' (7 TeV) 19.7 b (8 TeV) + 5.1 fb' (7 TeV) 19.7 6" (8 TeV) + 5.1 b (7 TeV)

—¢__ unconstrained —¢_, unconstrained —_ ¢ _unconstrained
ad a2 A

S f
¢a3’ a2 a2

; : — unconstrained
—¢_, T, ¢, unconstrained —¢_, f,, ¢, unconstrained 9,p Tor 0, UNCONS

: ¢a2 unconstrained )

, f _, & unconstrained — ¢ , & unconstrained
a3’ "a3 a3

, f
AT a3

A YES
" "1 NO

Higgs Couplings 2015 13 Durham, 12. - 15. October 2015.



al real

HZZ tensor structure

Consider two anomalous contributions at the same time

19.7 b (8 TeV) + 5.1 fb" (7 TeV) ] 19.7 b (8 TeV) + 5.1 fb" (7 TeV) ] 19.7 b7 (8 TeV) + 5.1 fb" (7 TeV)

—95% CL —95% CL —95% CL

-68% CL --68% CL -68% CL

< Best fit < Best fit < Best fit
¢+ SM 1 ) ¢ SM
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al real

HZZ tensor structure

Consider two anomalous contributions at the same time

19.7 b (8 TeV) + 5.1 fb" (7 TeV) ] 19.7 b (8 TeV) + 5.1 fb" (7 TeV) ] 19.7 b7 (8 TeV) + 5.1 fb" (7 TeV)

—95% CL —95% CL —95% CL
- -68% CL --68% CL : --68% CL
 Best fit < Best fit  Best fit
¢+ SM _ ¢ SM
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al cmplx

HZZ tensor structure

Consider two anomalous contributions at the same time

19.7 b (8 TeV) + 5.1 fb" (7 TeV) 19.7 b7 (8 TeV) + 5.1 fb™" (7 TeV) 19.7 b (8 TeV) + 5.1 fb" (7 TeV)

—95% CL —95% CL —95% CL
-+ 68% CL -68% CL -+ 68% CL
< Best fit < Best fit < Best fit
¢+ SM ¢+ SM . ' ¢+ SM

o - NN W H O O N 00 ©

I-
Less precision when phase not constrained. ayays

i

I
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al cmplx

HZZ tensor structure

Consider two anomalous contributions at the same time

19.7 b (8 TeV) + 5.1 fb" (7 TeV) 19.7 b7 (8 TeV) + 5.1 fb™" (7 TeV) 19.7 b (8 TeV) + 5.1 fb" (7 TeV)

—95% CL —95% CL —95% CL
-+ 68% CL -68% CL -+ 68% CL
< Best fit < Best fit < Best fit
¢+ SM ¢+ SM . ' ¢+ SM

o - NN W H O O N 00 ©

I-
Less precision when phase not constrained. ayiys

i

I
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19.4 b (8 TeV) + 4.9 fb' (7 TeV) 19.4fb™ (8 TeV) + 4.9 fb' (7 TeV) 19.4 ™" (8 TeV) + 4.9 fb' (7 TeV)
]

— Observed — Observed — Observed

Expected Expected Expected

Higgs Couplings 2015 16 Durham, 12. - 15. October 2015.



al real

HWW tensor structure

19.4 b (8 TeV) + 4.9 fb' (7 TeV) 19.4fb™ (8 TeV) + 4.9 fb' (7 TeV) 19.4 ™" (8 TeV) + 4.9 fb' (7 TeV)
]
— Observed — Observed — Observed

Expected Expected Expected

Parameter Observed Expected
AW cos(¢WV V) 0217928 [-1.00,1.00]  0.007932 [~1.00,0.41]
U[0.49, 1.00]
AW cos(pWW)  —0.027192 [-1.00, —0.54]  0.00F 199 [~1.00, —0.58]
U[—0.29, 1.00] U[—0.22,1.00]
AW cos(¢WW)  —0.037505 [-1.00,1.00]  0.0079% [—1.00,1.00]
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al real

HWW tensor structure

19.4 b (8 TeV) + 4.9 fb' (7 TeV) 19.4fb™ (8 TeV) + 4.9 fb' (7 TeV) 19.4 ™" (8 TeV) + 4.9 fb' (7 TeV)
]
— Observed — Observed — Observed

Expected Expected Expected

Parameter Observed Expected
AW cos(¢WV V) 0217928 [-1.00,1.00]  0.007932 [~1.00,0.41]
U[0.49, 1.00]
AW cos(pWW)  —0.027192 [-1.00, —0.54]  0.00F 199 [~1.00, —0.58]
U[—0.29, 1.00] U[—0.22,1.00]
AW cos(¢WW)  —0.037505 [-1.00,1.00]  0.0079% [—1.00,1.00]
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al real

HZY, HYY tensor structure

19.7 o (8 TeV) + 5.1 fb' (7 TeV) 19.7 o™ (8 TeV) + 5.1 fb" (7 TeV) 19.7 o' (8 TeV) + 5.1 fb' (7 TeV)
I I

— Observed, ¢:;=0 orm — Observed, ¢:;=o orm — Observed, q):;:o or m

Expected, ¢-'=0 or & Expected, ¢-'=0 or n Expected, ¢' =0 or =
a3 a2 T a3

H — 4l final state,
ZYy and YY are just
intermediate
virtual particles.
Higgs Couplings 2015 17 Durham, 12. - 15. October 2015.




M) ai real

N\
Iy /)

T\

~ans HLZY, HYY tensor structure

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

19.7 o (8 TeV) + 5.1 fb' (7 TeV) 19.7 o™ (8 TeV) + 5.1 fb" (7 TeV)

T T T T T | T T T T | T T T T .I. T T T T | T T T T | T T T T

— Observed, ¢:;=0 orm — Observed, ¢:;=o orm — Observed, q):;:o or m

|IIII|I'|—O
=
10

|IIII|I—|—

Expected, q):;:o or m Expected, ¢:;=0 orm Expected, ¢:3=0 or

[T A A B IR Aot ot 0 £ SO N
R i e T B R RO

A LARR R AR AR AR RARRY RRRR 55

| | | | -T-.-.I""I---l A -J---l‘"_l-——l | | | | |

-0.5 élS . 1
Y Y
fo cos(q)a2)

H —) q_l ﬁnal State, Observed Expected
—0.2793% [-1.00,1.00]  0.007983 [~1.00,1.00

ZY and YY are l ust for 0.007914 [~0.49,0.46]  0.00792! [-0.78,0.79
intermediate 0.02+021 [~0.40,051]  0.0093! [0.75,0.75

0.127070 [—0.04, +0.51]  0.007333 [—0.32,0.34

virtual particles. _0.020% [~035,032]  0.00*%15 [~0.37,0.40]

—0.13

Higgs Couplings 2015 Durham, 12. - 15. October 2015.
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M) ai real

N\
Iy /)

T\

~ans HLZY, HYY tensor structure

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

19.7 o (8 TeV) + 5.1 fb' (7 TeV) 19.7 o™ (8 TeV) + 5.1 fb" (7 TeV)

T T T T T | T T T T | T T T T .I. T T T T | T T T T | T T T T

— Observed, ¢:;=0 orm — Observed, ¢:;=o orm — Observed, q):;:o or m

|IIII|I'|—O
=
10

|IIII|I—|—

Expected, q):;:o or m Expected, ¢:;=0 orm Expected, ¢:3=0 or

[T A A B IR Aot ot 0 £ SO N
R i e T B R RO

A LARR R AR AR AR RARRY RRRR 55

| | | | -T-.-.I""I---l A -J---l‘"_l-——l | | | | |

-0.5 élS . 1
Y Y
fo cos(q)a2)

H —) q_l ﬁnal State, Observed Expected
—0.2793% [-1.00,1.00]  0.007983 [~1.00,1.00

ZY and YY are l ust for 0.007914 [~0.49,0.46]  0.00792! [-0.78,0.79
intermediate 0.02+021 [~0.40,051]  0.0093! [0.75,0.75

0.127070 [—0.04, +0.51]  0.007333 [—0.32,0.34

virtual particles. _0.020% [~035,032]  0.00*%15 [~0.37,0.40]

—0.13

Higgs Couplings 2015 Durham, 12. - 15. October 2015.

]
]
]
]




a.)

- 15. October 2015.

1 2
HZZ+HWW ()" =

Durham, 12.

/////%///// Q

S W
i , Ll 23
L e Mm

All measurements are consistent with the SM.

Higgs Couplings 2015




a.)

- 15. October 2015.

1 2
HZZ+HWW ()" =

Durham, 12.

/////%/////

S W
i , Ll 23
L e Mm

All measurements are consistent with the SM.
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ATLAS

EXPERIMENT

HZZ tensor structure

ATLAS H — ZZ* — 4] _ 1v _ 1v ATLAS H — ZZ* — 4]
o7TeV. 4515 Kavy = 7-Kavy and kgyy = 1 A KHVY 5=7TeV. 451"
—— Observed /s =8 TeV, 20.3 fb’ —— Observed /s =8 TeV, 20.3 f5'

Expected: Expected:
signal strength fit to data signal strength fit to data

Expected: SM Expected: SM

(Kan/Kgy ) tana
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ATLAS

wsosossss HZ.Z @and HWW combination

ATLAS H— ZZ* — 4/ . 1v . 1v ATLAS H— 77" — 4]
[s=7TeV, 45" KAvvy = ZXKAVV and kgyy = ZXKHVV s=7TeV, 451"

—— Observed Js =8 TeV, 20.3 5’ —— Observed /s =8 TeV, 20.3 f5"

Expected: H— WW* - evuv Expected: H— WW* - evuv

signal strength fitto data 5 _ g 1ev 203 16" - signal strength fitto data 5 _ g ey 203 15

Expected: SM /| Expected: SM

( Kap/¥gy ) - tana
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ATLAS

wsosossss HZ.Z @and HWW combination
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( Kap/¥gy ) - tana
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Decay of a spin-1resonance

Interaction between the spin-1 resonance and two gauge bosons, Viand Vz

A(Xj=1VV) ~ bV [(e319) (€32€x) + (€329) (€V1€x)] + b €ayvﬁ€xev1evzqﬁ
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Decay of a spin-1resonance

Interaction between the spin-1 resonance and two gauge bosons, Viand Vz

A(Xj=1VV) ~ bV [(e319) (€32€x) + (€329) (€V1€x)] + b €ayvﬁ€xev1evzqﬁ

Measurements

Hypothesis tests 0" vs. mixture of 1*
(fy> = O pure vector, fy; = 1 pure pseudo-vector)
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Decay of a spin-2 resonance

Interaction between the spin-2 resonance and two gauge bosons, Viand V:

A(X — ‘/1‘/2) — A—l |:2g$2)t“vf*(1)p,af*(2)ua + 2g§2)t‘w qan f*(l)p,af*(2)uﬁ + g(2) qu2 t,Bu (f*(l)pr*(2) + f*(2)p,uf*(1))

~ T~
(2g<2>t,we1 s +2g<2>q 20 b (V5 — e12ep”) + g LT twe;es)

A? A?

(

(2) QMqU *(1)apB F*(2) (2)t XU _*p O glo)tuaqa PrO (kU [, % XU [, %
9" "p2 tuv f fop +m? | g A2 euvmel € q +A4 €uvpcq’q° (€1 (q€3) + €57(ge7)) | | »
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Decay of a spin-2 resonance

Interaction between the spin-2 resonance and two gauge bosons, Viand V:

- B —
— * o f* vo a9 * o Lk v q-q * vV fx * vV £k
A(X = ViVa) = A~ [W prcame +W Azﬁ fe(Dpa pr(2) B'Ttﬁu (2w 2@ 4 g o)
qu“ (1) *(2 “qa kU kY Oy kU qv#qu % %
Az tuv f (1) Bfaé) +m?2 ( A2 tu (€77 €5% — €7%€5 )’Ftwelez)

1 ql/ *(1)af p* ~0 ( ¥V * *U =
@ by 70 °f (2)+ =~ €upsd”q” (€17 (g€3) + € (451)))] ;

8_J\2 A4
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Decay of a spin-2 resonance

Interaction between the spin-2 resonance and two gauge bosons, Viand V:

L g o
— * o f* vo a9 * o Lk v q-q * vV fx * vV £k
A(X = ViVa) = A~ [W prcame +W Azﬁ fr(Dua g2 'Ttﬁ” (2w 2@ 4 g o)
qu“ (1) *(2 1 kU kY Oy kU qv#qu % %

. ('1',, * o * '@ q‘*a ~O * U * *U *
7\2 buv f W ﬁf (2)+ ~\4 €uvpaq’q (€7 (g€3) + €5 (451)))] ,

Measurements

Hypothesis tests 0 vs. pure spin-2 models

Higgs Couplings 2015 22 Durham, 12. - 15. October 2015.



19.7 b (8 TeV) + 5.1 fb' (7 TeV)
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19.7 fb" (8 TeV) + 5.1 fb' (7 TeV)
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19.7fb" (8 TeV) + 5.1 fb™' (7 TeV)

gg, qgbar and production

independent tests for ZZ

19415 (8 TeV) + 4.9 fb” (7 TeV)

T S S S R S S RS b +Observed——-Expected
- S s o =10 [ NN

C") tDl\ O) (')
+ P
C\IC\INC\IC\IC\INC\INC\IC\IC\INC\IC\IC\IC\IC\INC\IC\JC\IC\IC\IC\JNC\INC\IC\I a 0120 -JiZO

: : P
gg production : qg production : decay-only discriminants . 0 * 30. | J * 3Q

gg production 4 production
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CMS

—owe  Combined CMS results

CMS 19.7 o' (8 TeV) + 5.1 b (7 TeV)

X —ZZ + WW 19.7 o7 (8 TeV) + 5.1 fb™ (7 TeV)

o+ 1o S 1o
0" +20 WS =20
OJ"iS'O ' 'JPJ_r'SG '

-e- Observed ---Expected

gg — X(2;) — ZZ + WW + vy

— Observed

Pseudoexperiments

1020 3040

gg production qd production -2 X In(I—Jp / I—0+)

: IYES

' +NO

Higgs Couplings 2015

Spin-two models excluded at a 99% confidence level or higher.
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ATLAS

W& Combined ATLAS results

arXiv:1307.1432 arXiv:1506.05669

ATLAS

H— yy ® Data

s=8TeV [Ldt=20.7 fb"
v CL expected

H— 27" — 4l assuming J"=0*
s=7TeV [Ldt=4.6 b W1
=10

Vs=8TeV [Ldt=20.7 fb"

ATLAS ey All tested alternative
—e— Obsenved s=7Tev. 4515 models are excluded

Expected [s=8TeV, 20.3 5" )
— R H - WW* — evay in favor of the SM|
[ ]0"SM=30c ls=8TeV, 20.3 5" :
5;:‘2“203 . Higgs boson

n 0 [s=7TeV, 4.5’ -
1230 SoTIovAST hypothesis at more
than 99.9%

confidence level.

H— WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fb"

1YES
"1 NO

_ 0+ JP—2+ JP—2+ JP—2+ JP_2+
Kq=0 Kq=0 Kq=2Kg Kq=2Kg
pT<300 GeV pT<1 25 GeV pT<300 GeV pT<125 GeV

Spin 1 rejected at 99.7% CL (WW
and ZZ comb.)
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Conclusion

A comprehensive study of the the

Higgs boson spin-parity and tensor structure

Exotic spin-parity hypotheses excluded at 99% or higher confidence level

Constraints on 11 anomalous couplings under spin-0 assumption

All observations consistent with the SM expectation

The future of these measurements is to improve anomalous coupling precision

in spin-0.
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