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Cis,

Outline

* This talk will cover the results of Higgs-to-

boson couplings on CMS Run-1 data including
— Higgs to yy

— Higgs to WW

— Higgs to ZZ to four leptons (lepton = e, u)

— Higgs combination



CMS

Reference

— Higgs to yy
Eur. Phys. J. C, 74, 3076 (2014)

— Higgs to WW
JHEP, 01, 096 (2014)

— Higgs to ZZ to four leptons (lepton = e, u)
Phys. Rev. D, 89, 092007
— Higgs combination

CMS-HIG-14-009, submitted to Eur. Phys. J. C
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CMS

Higgs to vy

ho==- ho==-

Higgs to yy sensitive to Vector Bosons and
top coupling in both production and decay.
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S/(S+B) weighted events / GeV
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100

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

CMS S/(S+B) weighted sum
¢ Data

—— S+B fits (weighted sum)
------ B component

------ i'IG
------ 20

-~ 0.26
p =11 4f0_23
m,, = 124.70 + 0.34 GeV

B component subtracted

m,, (GeV)

Analysis strategy

* Require two isolated, high pT
photons

 Events are classified to tag
different production modes

 Untagged events are classified
according to MVA
categorization

Left plot:

diphoton mass spectrum
weighted by the ratio S/(S + B) in
each event class
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CMS H- vy

Results of signal strength

19.7 fb™ (8 TeV) + 5.1 b (7 TeV)
Q

& Bestfit

3
L
8 T

° w=1.14+026 _ atm, =124.7GeV

N

The signal strength is compatible with
SM prediction within 1o band.

m, (GeV)
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WvBF.vH

CMS H > vy 19.7 o' (8 TeV) + 5.1 fb" (7 TeV)

3 Best fit

1o
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Results of signal strength

Likelihood contours on the
signal strengths associated
with fermions and vector
bosons.

The results are compatible
with SM prediction within
1o band.
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Results of signal strength

CMS H - vy 19.7 fb" (8 TeV) + 5.1 fo (7 TeV)
N _ +0.26
ggH | 1.12 +g§; M ombined — 114 %

[m, =1247 GeV]
0.77
VBF | 15807

_0.16 18 I combined = 1o

~0.79
VH —®

—@— per-process + 16
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Results of coupling studies

CMS H - vy 19.7 b (8 TeV) + 5.1 b (7 TeV) o
g 3 / Q
z
| B oz
Likelihood contours on the
1 ° coupling modifiers
. 4 associated with fermions (k)
and vector bosons (k) in the
2
i upper plot,
02 04 o.-‘. 0.8 8 0
K .
2CMSH—>W 19.7 o (8 TeV) + 5.1 fb"(7Te\\//) o Wlth gluonS (Kg) and phOtOﬂS
o i “ ﬁ .
“ s 7 (k,) in the upper plot,
1.6 8 &
1.4
12 6 The best-fits are compatible
1 with SM prediction within
0.8 4
o6 1o band.
(O ————— 2
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Higgs to WW
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* Analysis uses 2D shape analysis

in m,-m; plane as base line.
(Cut-based analysis as cross check)

M, = /2p“E™ cos(Ag,, —ET™)

 Event are categorized into
— The zero-jet and one-jet ggH
— The two-jet VBF tag
— The two-jet VH tag

06/03/15 Tongguang Cheng, IHEP, Beiji
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Analysis strategy :

final states with two charged leptons

CMS 19.4 o™ (8 TeV)

15
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CMS 19.4 o™ (8 TeV)

backgrounds
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Events / bin
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CMS Analysis strategy :

final states with three charged leptons

CcMS 19.4 o' (8 TeV)
T T T T T T T

[ L

T T ‘ T T T T ‘ T T T ‘
- data mw m, =125 GeV ]
— VH ) non-prompt 313v OSSF |

Events /0.8

e Associated production
* Backgrounds:
WZ->3lv, ZZ->4l, tri-bosons, Z+y

* Splitinto categories based on lepton
charge and flavor to tag WH and ZH
signal signature

CcMS 19.4 fb'' (8 TeV)
T T T T T T

* Shape-based analysis
AR, as discriminator for WH(3I3v)
my,; for ZH (3lv+2 jets)

| - data [ non-prompt m,, = 125 GeV 1
3lv + 2-jets

Events / 38 GeV
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CMS,
. | Results of signal strength

CMS 4.9 (7 TeV) + 19.4 fb™ (8 TeV)

S 4 -
Q T H— WW (all channels) 1
O L —
e H e u=lo .
5 ]
= S B
T i
O 4 |
m 2¢ —

N 1 Signal strength as a function of m,,
1= 1 with all channels combined:
e N 1 w=0.72*920_ _atm,=125.6 GeV

S D with observed (expected)

13_ | significance 4.3 (5.8)

'_T I I B |IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII_
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Higgs boson mass [GeV]
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Results of signal strength

CMS 497 (7 TeV) + 19.4 fb” (8 TeV)
I 2_5 I I I I I I I I | I I I I | I I I I | I I I I
g - |
= i H— WW (all channels) ]
_ %+ Observed - . .
ol — 68% CL Observed | Likelihood contours on the
- 95% CL Observed 1 signal strength associated
i e A _Exp.forSMH ] . .
T —— 68% CL Expected 1 with fermions and vector
1 _5 ‘;_ """ 950/0 CL EXFiéCted\\ ] bosonS.
1r 1 The results are compatible
; 41 with SM prediction within
4 1o band.
O_ | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2 2.5
MVBF,VH
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Results of signal strength

cMS 491" (7 TeV) + 19.4 5" (8 TeV) CMS 491" (7 TeV) + 19.4 b (8 TeV)

_I 8 N T T T T ‘ T T T T ‘ T T T ‘ "\ T T T ] _I 8 N T T T ‘ T T T ‘ T T T " ]
(- L H— WW (all channels) ] (- L H— WW (all channels) ]
< 71 — Observed = < 71 — Observed =
Al B ] Ql : ]
' gL --- Exp.for SMH 7 ' gL --- Exp.forSMH -
- Mogr Mver Mum . - Mg Muee Mun .

5 - 5 ]

4 L ] 4 L ]

3F = 3 =

2r E 2r E

1 - 1 -

O L1 1 L P L] 0 \\ LT | | i
0 1 2 3 4 0 2 4 6

MVBF MVH

Results of likelihood scan of signal strengths for VBF and VH while
the other production modes are profiled with m,, = 125.6GeV.
The observed results are compatible with SM prediction.
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ZCMS 497 (7 TeV) + 19.4 b (8 TeV)
— T T T T H T T T T

V2 i | : '. i
- H— WW (all channels) =
- == Observed .
- —— 68% CL Observed .
1.5 95% CL Observed —
- A Exp.forSMH =
- —— 68% CL Expected —
- 95% CL Expetted =
1 | —
0.5[- s
O i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

0 0.5 1 1.5
Ky

06/03/15

Tongguang Cheng, IHEP, Beijing

Results of coupling studies

Likelihood contours on the
coupling modifiers
associated with fermions
(k;) and vector bosons (k)
at m, =125.6GeV

The results are compatible
with SM prediction within
1o band.
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Higgs to ZZ to four leptons

Tongguang Cheng, IHEP, Beijing
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CMS
Analysis strategy

used to enhance S/B

15 separation

CMS \s=7TeV,L=511";Vs=8TeV,L=19.7fb"
% T | T T T | T T T | T T T .I lDaltal T T T E
G = 1+ Fourisolated leptons grouped
™ Z+X ] . .
~ 30 | b 3 into 2e2y, 4e and 4p final
= |:|ZY LZ ]
S ] states
Z 2 [ |m,=126 Gev ] _ S

20 1+ Kinematic discriminator(KD)

* Events are categorized into
0/1-jet and di-jet

10
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80 100 120 140 160 180
m,, (GeV)
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VBF tagging

» Study different production mechanisms for the Standard
Model(SM) Higgs-like boson:

No VBF-like (V,>0.5) events are observed.
( 3.3 expected for 126GeV, where 0.86 from VBF )

CcMS Vs=7TeV,L=511fb"; \s=8TeV,L=19.7 b

-.Q _I T | T I T l T | 1T | T | T | 1T | T | T

C — ]

q>J 8; ® Data ]

I o
Di-jet tagged: two jets, linear discriminant V, 6 [ z:x =
.. - - |:| ggH+tH (m,, = 126 GeV) -

from | Anjj| and mijj 5E 3
] C B vBFVH (m,, = 126 GeV) ]

(about 20% signal from VBF) b E
Un-tagged: 0/1 jet, uses pT4|+y/m4| as 3 (215<my<1305GeV ]
additional discriminant - E
(about 5% signal from VBF) E

OO 02040608 1 12141618 2
D,

jet
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CMS

Results of sighal strength

Vs=7TeV,L=5.1f";{s=8TeV,L=19.7 fb"

l

» u=0.93"30 _ atm,=125.6GeV

» The signal strength is measured for both |
di-jet-tagged and untagged cases.

T

Results are consistent with each other. ™~
0 O.‘5 1 1.‘5 é 25
. . p- best fit u
» The signal strength (modifiers)

. . CMS Vs=7TeV,L=51f0";Vs=8TeV,L=19.7 o
associated with vector bosons p,, = T
and fermions in production p & Moo

6 | Jes%c.L. .
are measured to be : . Cbestit ]
w,: +1.7+22,  (68%) ) -

. 0.5 oo B
HF. +O.8+ _04 (68%) 0:_ E

of _

-4:_ | | | | | | | | ]

1050 05 115 2 25 3 35
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Cis,

Coupling results from
CMS Higgs combination
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Mass measurement compatibility

* Do Higgs to yy and Higgs to ZZ to four leptons
observe the same particle?

6/0gy

1.01-

0.5/

0.0

i ICIMS] | | 4 Combined
sobH—=yy +H—ZZ | = H—viagged

]]]]]]]]]

7 H— ZZ tagged

’ H->yy :124.70 #0931 5, (stat) ¥ 1 5(syst) GeV

) 1 H->ZZ->4] :125.6 943 , (stat) *0-16 o(syst) GeV
Q Combined : 125.02 *0-26  __(stat) *0-14 ,  (syst) GeV

Higgs mass results from other less sensitive channels
(WW,tt) are compatible with the combination results.

06/03/15

[
123

1 l 1 1 ] 1 l 1 1 1 1 l 1 I 1 1 |
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my, (GeV)
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19.7 o (8 TeV) + 5.1 16" (7 TeV)

:>E‘ 6_ T T T ] T T ]q}‘ [H;>'YIY txaglgec-j T
|$ CMS o2 H— ZZ tagged |
1> g7 H— WW tagged
i H — 1t tagged
41 H — bb tagged
- SM Higgs
21 _
(0] |
| 1 1 | l | 1 ] 1 I ) 1 ] 1 I | | ! |
-1 0 1 2 3
“ggH,ttH

Results of sighal strength:

Results from different channels are
compatcible with SM prediction.

Combined best fit tyge yp/Hegh wh i
1'25+0'62—0.44 (1_00+0.49_0.35)
Observed (expected)
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Coupling results :

19.7 o' (8 TeV) + 5.1 16" (7 TeV)

2.0 T T T T T T
v - ] ' .

- CMS .

1.5 B . .

i /,—\) ] Likelihood contours on the
1.0 &2 coupling modifiers associated
0.5 e . with fermions (k;) and vector
0.0F E bosons (k).
05F e = . . .

- [+ Observed ] Observation is consistent with
-1.0| |—68% CL . T

|- 950 OL . SM prediction in 1o band
-1.5} |-99.7% CL |

- | & SM Higgs .

_2.0_ [ S T N IR S S S T I S S SR S
0.0 0.5 1.0 1.5
Ky
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Custodial symmetry

19.7 b (8 TeV) + 5.1 16" (7 TeV)

19.7 b (8 TeV) + 5.1 16" (7 TeV)
T T T T I T T T T [ T T T T ]

0: T T T T I | | ] _I 10: T T T T |
9 '_ CMS —— Observed c 9 :_ CMS — Observed E
8— Kt"cz’)sz ----Exp.for SMH | < 8 H— VV (0/1 jet) ----Exp. for SMH |
- : i . (}l F k=T, KZ’I7”wz I
7F = 7 ' =
6 £ 61 E
5 E 5 £
i L4 —
3 £ 3 £
o —: o} -
: : :
: 1 1 1 I | ¥ ’I 1 1 1 | 1 1 1 1 . : | 1 | 1 1 1 \\ ’1' 1 1 1 | | 1 1 1 :
00 0.5 1 1.5 2 o0 0.5 1 1.5 2
7"WZ }\'wz (Kr = 1)

The ratio between W and Z coupling modifier A,
Az = 0.9279% 5 15 Ayz = 0.947922 4 15 (ke =1),
is consistent with SM prediction.
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19.7fb" (8 TeV) + 5.1 16" (7 TeV)

Q :III T T IIIIIII T T IIIIIII T T IIIIIII T :
=~ [CMs

A 1 t g

> = -

O - .

5 - === 58% CL -

107 |—95% CL E

- |---SM Higgs ]

1072 E

103 (M,e) fit | |

=—68%CL | -

—095%CL | -

10‘4 ol Lol Lol [
0.1 1 10 100

Particle mass (GeV)
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Summary of the fits
for deviations in the coupling

Coupling for the generic
five-parameter model
including effective loop
couplings, expressed as
function of the particle
mass.

Fermions :

the values of the fitted Yukawa
couplings

Bosons:

the square-root of the coupling
for the hVV vertex divided by
twice the vacuum expectation

value of the Higgs boson.
26



Summary

* Higgs couplings to bosons are studies using CMS Run-1 data.

* The signal strength, coupling modifiers for bosons are
compatible with SM prediction for both individual analysis
and combination. Overall signal strength in each channel is

— H->yy: p=1.14%2 _atm,=124.7 GeV
— H->WW: p=0.72"20_ . atm,=125.6 GeV
— H->7Z->41 : p=0.93"03 _  atm, = 125.6 GeV

* The observed coupling symmetry between W and Z bosons is
consistent with SM prediction.
The correlation between coupling and W/Z mass is consistent
with SM prediction.
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Production mechanisms and oxBR

o 10 ' 7 S
9 t q & E ™ \S = 8TeV E
C . i
g g fusion: t H® WW, ZZ fusion : HO .
. :t e 1 WW — Fvag -
4 —>_\ © FVBF A— 1 £
q - ]
v t F s AN WW — I+VI'V N
. _ 107F S _ E
- it _— q W,z ZZ - I'lqq |
ttfusion: W.Z
’ q >\/\M Ho 1072 ZZ Ty E
At d W, Z bremsstrahlung / .
’ ZZ - 1M1 .
3 0
10" E/WH — I*vbb AN l=e,n -
- tbb} \ * V= VeVVs
-/ ZH — I'Tbb . q = udscb
10_4 | ] ) | 1 |
100 200 300 400
M, [GeV]
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Higgs to yy
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Events / GeV

Events / GeV

19.7 fb' (8 TeV) + 5.1 fb™ (7 TeV)

x10°

10

Sum over all classes
¢ Data

= S+B fits (sum)

8 I N PETTE B component
. . 1o
6 __ ------ +20
ne
b =118
- m,=124.70 £ 0.34 GeV
0 i | I I | I 11 11 I 1 1 1 1 I 1 1 1 I 1 11 1 I 11 1 1 I 1 1 11 I 11 1 1
| LI I LI LI I 1 I I I I LU I I I LI I LI I I I I LI I UL i
200 = % B component subtracted —
. 1o [ bo old ¢ i % P
% { 2 S T S _
-200 - } —

100 110 120 130 140 150 160 170 180

m,, (GeV)
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19.7 tb" (8 TeV) + 5.1 b (7 TeV) CMS H - yy 19.7 6™ (8 TeV) + 5.1 b (7 TeV)

<3. 2 Untagged 0
Untagged 1
Untagged 2
Untagged 3
VBF dijet 0
VBF dijet 1
VH tight |
VH loose |
T“———yy—-—————— VH MET
VH dijet

ttH tags
Untagged 0
Untagged 1
Untagged 2
Untagged 3
Untagged 4
VBF dijet 0
VBF dijet 1
VBF dijet 2
VH tight |
VH loose |
VH MET
VH dijet
ttH lepton
ttH multijet L

combined -

[m, =1247 GeV]

+0.26
14 -0.23

7 TeV
>

£== 110 uncertainty

150

8 TeV

I combined+ 1o

—e— per-channelx1c

FTTTTTTTTTTTT

110 115 120 125 130 135 140 145 150
m,, (GeV)

>
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M, SO
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Higgs to WW
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Two charged lepton :

1D distribution

CMS 49fb" (7 TeV) + 19.4 fb" (8 TeV) CcMS 49" (7 TeV) + 19.4 b (8 TeV)
.E | | I I I I | I I I I | I I I I | I I I I | I ] .E i I I I | I I I I | I I I I | I I I I |
- | o data B WZ+ZZWWW - 125 Gev - e data B WZ+ZZWW o Z125Gev ]
*UE) 100012 H— Ww top ew 0/1-et | % 2000 | — H=WwW top eu 0/1-et —
o) B w" I DY+jets o ‘w0 [ DV+jets 1
> i . > i . T
) W-+jets wWw () WH+jets WWwW .
go! © T
Q@ © 1500 ]
_C e T
2 2 ]
2 2 3
— 4 =1000 m
D 500 D 1
+ + .
) N , :
S~ ~~ = .
2 B 500 iﬁ‘;
O A R N T | |1T=>=|g‘—.=#7 P O ] ] ] 4 ! ! | ! ! ! ! | ] ] ] ] ]

50 100 150 200 250 50 100 150 200
m; [GeV] m,, [GeV]
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Higgs to ZZ to four leptons
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6 E 4l ]
5 ;— 'y —; C E
o T ] E
3 ;_ ¢ | ¢ _; 2 — o (o0 o | o —:
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Higgs combination
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Combined
u=1.00+0.14

H — yy tagged
nw=1.12+0.24

H — ZZ tagged
u=1.00+0.29

H— WW tagged
n=0.83+0.21

H — 1t tagged
w=0.91+0.28

H — bb tagged
nw=0.84+0.44

06/03/15

19.7 16" (8 TeV) + 5.1 fb' (7 TeV)

CMS

m, =125 GeV

p,,, = 0.96

0

2
M

0.5

1

1.5
Best fit 0'/0'S
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CMS 19.7 " (8 TeV) + 5.1 fb! (7 TeV)

er: 5 SWtiggs

1) .
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'20_ 05 1 1.5

06/03/15 Tongguang Cheng, IHEP, Beijing



