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Introduction

Both ATLAS and CMS observe a nhew boson

around 126 GeV with most sensitivity in 18007 o 20

4‘21 600 All Categories Combined
WW, ZZ, and yy decays S1400"

W1200F

Question now is: what have we found?

22400

1000
800}

CMS preliminary Vs =7TeV,L=511"Js=8TeV,L=122 "
T T

£ CMS Preliminary
02200 ys=7TeV, L=51fb"
—2000Vs=8TeV,L=53 !

——— Data
—— S+B Fit

[J+te

Bkg Fit Component

> AR R R R DA SR R
& 12k ? .-
o [ .z+x i P I R
% 10k Owz - 140 160 180
E i ' 1 m,, (GeV)
] o [ |m=126Gev ]
Only with careful measurements of 8
properties will the answer be found: 6/
mass, yields, distributions af
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CMS

Compact Muon Solenoid

(1)

Total Integrated Luminosity

CMS Integrated Luminosity, pp, 2012, s = 8 TeV
Data included from 2012-04-04 22:37 to 2012-11-26 05:03 UTC
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BN LHC Delivered: 22.08 b '

CMS Recorded: 20.67 b !
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Very successful running through 2012. Over 20fb™! recorded so far at 8TeV
A big thank you to everyone who made things come together so well!




Production and decay

4 production modes, 5 main decay modes £ = H
™ B
=10 El g 107'; E
: fow v vV 5
&0 7z v
T 102
WW v v v :
107 i
o v v | :
102 bb v v 10" 400 | N 200

1 L L ! ! L ! L
100 200 300 400 500 1000
M, [GQV?

Most channels updated with 12fb! 8 TeV data, some still with ICHEP result
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WIERS

v v and ZZ high resolution channels CMS Preliminary is=7TeV,L<51fb" Vs =8 TeV, L< 12210’

1 0'|"'|'\"'1|"""'
provide a measurement of boson £ ofH-m+H-2Z : ﬁTZLFEd
mass cﬂ 85_ WL 77
assume single particle of mass m, 7_ _
6 =
st :
Reduced model dependence: b E
Individual signal strengths from each 3; .
channel — profiled like other : -
nuisances 2 E
it ;
0:I I 1 N N N | I 11 I 1 1 N | 1 11 I:
. . 122 124 126 128
Use this in couplings studies: my (GeV)

some mass dependence
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WIERS

CMSPreIlmlnary s = 7TeV L<51fb II'_ aTeV L<122ﬂ:|

2D scan with 68% CL limits 1 10— . sas mnnenn
c g._H—>'Y'Y+H—>ZZ —wnhsyst. E
CMS Preliminary ys-=7TeV,L<5.1fb"' {s=8TeV,L<12.2fb" < - ---- no syst. .
E 3_0_| T [ T ——— T 1 N 8__ 'Y B
bm L H— YY + H—ZZ =+ Combined ) g -: ; .
B o5 e 3 E
i + H->ZZ 6k -: : E
2.0 . 5 .: : E
: | 4 — -
s E 3f Vo E
s i of Voo -
10__ —_ E 1‘ :l' E
| — 1: l‘\ ! 7
B 1 :I 11 | I B I I T T i I 11 11 1 {8 | e IIII:
0.51- E 092224 T 26 128
. . my (GeV)
_I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I_ = + +
0.0 e m, =125.8£0.4 £ 0.4 GeV
my (GeV)

1D scan with and without systematics

Fixing signal strengths to SM gives result compatible to within 0.1 GeV
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CMS Preliminary {s=7TeV,L<5.1f"' {s=8TeV,L<12.2ft"
rrrryprrrryprrrr|JrrrorT TT T T rr|rrorrT

= 1.8 RAREE RERRE RS A

Y 16 |-68% CL band |

S 1af E

Simplest scaling: % 1.2F E

Fix relative rates to SM and scale with 1 0 ]
parameter E

Compatible with SM predictions

- 111 I 1111 I 111 I 1111 I 111 | I | 111
0'1410 115 120 125 130 135 140 145
my (GeV)

n=0.88+0.21 @ my, =125.8 GeV
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Decay and production

H— bb

H— vy

H— WW

H- ZZ
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Is=7TeV,L<51f" {s=8TeV,L<12.2fb"
CMS Preliminary m, = 125.8 GeV

15 2 25
Best fit G/GSM

Untagged

VBF tagged

VH tagged

ttH tagged

Is=7TeV,L<51f" {s=8TeV,L<12.2fb"

CMS Preliminary m, = 125.8 GeV

0 2
Best fit G/GSM

All decay modes see evidence of signal, all consistent with SM



68% and 95% CL bounds

p'VH-0>qu

By production mode

l'qu H+VH

CMS Preliminary s = 7TeV L<5.1 fb”, ys =
L e B
—H

—H
—H
—H
——H-bb

- N w 5 o o ~ o]
P e ] B e

3

()]

Fit for 2 signal strengths in 5
different decay modes

Feldman-Cousins
intervals

Compatible with standard model (1,1)
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H— bb (VH tag)

H — bb (ttH tag)
H— 1 (0/1 jet)

H — 7t (VBF tag)
H — 1t (VH tag)
H— vy (untagged)
H— vy (VBF tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H-ZZ

By channel

Fit each channel separately for signal strength

(s=7TeV,L<51f" {s=8TeV,L<1221"

CMS Preliminary m, = 125.8 GeV

2 4
Best fit O'/O'SM

Ys=7TeVL<5.1f" Vs=8TeV L<122b"
H- bb (VH tag)| —
H - bb (ttH tag)
H— 11 (0/1 jet)

H — 11 (VBF tag)

CMS Preliminary —
m,, = 125.8 GeV

H - 1t (VH tag)

H — vy (untagged)
H— vy (VBF tag)

H— WW (0/1 jet)
H — WW (VBF tag)

H — WW (VH tag)

H-ZZ

I o bc b b b s b
0 05 1 15 2 25 3 35 4
Best fit o/0,,

Feldman-Cousins intervals

Compatible with SM predictions
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Parameterisations

Largely use parameterisations from ) o g
interim framework from LHCHXSWG (0-BR)(ii = H— ff) = T
arXiv:1209.0040

Decay modes

Tww®
. o T W
Production modes Assume all signals near 126 \FWH
- (k. my)  come from a single resonance o —
oM {é of zero width, with SM-like ZIE'LE’
TVBE  _ 2 (kw, Kz, ) coupling structure o = G
IVBF r
owH _ 2 2 =2
owh w | B
OZH o Total width = sum of all Ty _ {lcz(xb,mxmmjmﬁ)
oy decays widths (+ invisible) ot 5y
Jan o Toy {“ﬁz?)(“br“t%‘cwﬁﬂ)
g ' I Kzy)

ttH
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Parameterisations

oii - L'

(0 -BR) (i1 - H— ff) = T

Decay modes

T .
WW () 2
TSM - "W
WW ()
— K
SM Z
Fzz(*)
s

TSY
bb

Factors involving loops

e.g. can insert BSM physics here.

2 9
PSR Interference terms can also bring
linear dependence on K
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Approximate symmetry of SM

Parameters: A, K, K¢

KZ’ KF P rOﬁ I ed CMS Preliminary {s—7TeV,L<5.1fo' Vs —8TeV,L<12.2 "

£ 45
<
o 4.0

IIIIIIIIIIIIIIIII|I‘II'IIIIII
[

— Observed
----Exp. for SM H

3.5
3.0
2.5
2.0
1.5
1.0

Ll
L}
Ll
1
L
L}
[l
L]
1
1
1
1
'
1

0.5

0.0|||||||||||||

o

0.5

95% Cl [0.67,1.55]

1.5 2
Awz

N 2.0

Awz =

1.5

0.5

Compatible with SM predictions

Kw

Kz

= 1(SM)

1.0 1.5

Jonathan Hays

Ke =1

CMS Preliminary ys=7TeV,L<51fb' Vys=8TeV,L<12.21"

2.0

Wz
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Assume common fermion and common vector boson couplings

Parameters: k,, K,

Boson and fermion scaling assuming no invisible or undetectable widths
Free parameters: kv (= kw = kz). ki (= ke = Kb = k).

H— yy H— 72" [H—>WW® [H—bb |[H— "
ggH kg (ke e K ev ) 22 o
ttH Ky (:) wyp () Ky (ki)
V‘$§ K%'K?(Kf.,l{f,l(hrv) K%—'K%— K%r'l(?
71 i (i) w5 (k) iy (<:)

—_ = N
o 0 O
2AInL

CMS Preliminary {s=7TeV,L<5.1fb" \s=8TeV,L<12.2fb"

CMS Preliminary

s=7TeV,.L<51fb! {s=8Tev,L<12.21"

SM Higgs @ Fermiophobic ¢ Bkg. only

%]
T

K (scaling of fermion couplings)

H—
1 ]
0.5 —
E _\\
O n i
0 0.5 1 15

.'KV (scaling of vector boson couplings)

Fyy e |aKF +ﬁKV|2

photon loop could give
access to relative sign

Compatible with SM
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Fermion and Vector Couplings

Assume common fermion and common vector boson couplings ~ Parameters: k,, K;

Boson and fermion scaling assuming no invisible or undetectable widths
Free parameters: kv (= kw = kz). ki (= ke = Kb = k).
H— yy H— 72" [H—>WW® [H—bb |[H— "
geH R (TRIRURC) KPRy K7f
tEH LT} (x:) LSE] (xa) K (ki)
V‘$§ K%.K)?(KF'JKHKEW} K%'-K%' K%.K?
71 i (k3) w3 (%) wp (%)
CMS Preliminary F 7TeV,L<51f" Vs=8TeV,L<122fb" CMSPreIlmlnary (s=7TeV,L<51f" Vs=8TeV,L<12.2f"
— 10—y [RRRRRRRAR RRRRY RRRE g - 10— RBREREEN U AR ]
i o ~ i 9l |
o 8F = o 8F . o o
C o 1 Can also look at individual
ok E 6 | parameter, profiling the other
50 ; 5[ b
1= = aF
; ) Clearly favours non-zero values
2 = 2| =
1 1t _
I | IIIIIIIII 1111 | IIIIIIIII IIIII SRR Il I 1T 11 1 I L ‘ IIIIIIIII ]
0 0.6 0.8 1 1.2 1.4 00 0.5 1 1.5 2 X .
Ky (K profiled) Ke (icy profiled) Compatible with SM
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Asymmetry in fermion couplings

Some BSM modify couplings for up-type fermions relative to down-type

Probing up-type and down-type fermion symmetry assuming no invisible or undetectable widths
Free parameters: ky (= kz = Kw ), hdu (= xa /% ). ku (= x¢). _
Mgy = g/, assume A,,,=1 Ho oy H—-2z0 [Ho WWO [Hobb | Hovd
Ké (Kuldu :Ku)‘ts (Ku Ay s Ku s Ku gy Ky ) "é ("U hdu rtu)"{!f Kg (Kuldu ;Ku)‘ (Kuldu)z
gell ) ) O
T Klzx‘tz(xuldurtus"uldurt\-’) Kﬂ"‘{‘f Klﬁl.(tuldu)z
ttH - =
Parameters are: Ay, K., Ky ) ) G
“?Il_; w2 k2 (kg Ku Kuhdu KV) ko k3 (kuhau )?
T Zy Ty
7H Ky (ke Kip (ki) i (k)

CMS Preliminary {s=7TeV,L<5.1fb' Vs=8TeV,L=12.2fb" CMS Preliminary {s -7 TeV,L<51fb' (s-8TeV.L<12.2fb"
5.0 B AL L WA LI

— Observed

4.5
F ----Exp. for SMH

4.0
351
3.0F
2.5/
2.0f
150
1.0
0.5 \
0.0k bl NG 0.0

18 < Loops give access to sign

-2AInL

1.5

Data currently favour —ve

1.0 but not significantly so

0.5

o
o
[
—_
-
[
N
1
\V]
o
\V]

Compatible with SM
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Asymmetry in fermion couplings

Some BSM modify couplings for leptons relative to quarks

Probing quark and lepton fermion symmetry assuming no invisible or undetectable widths
Free parameters: kv (= kz = kw ). hiq(= ®1/Kq). Kq(= k¢ = Kb ).

_ _ H—yy H-ZZ® |H—- WW® | H— bb H—
Mg = Ki/K,, assume A;,=1 | i) g a2 Tl
P t 7\‘ ttH wpy (ki) KHE (ki) 'CH2 (ki) KHE (ki)

aramerters are: K., K VBT
Iq’ q’ V WH K%'K?(KQ7KQ7KQLICUKV) K%"K%" K%"Kgl K%—-(in\.]q}z
71 Ky (ki) 3 (<) why (ki) Ky (k:)
CMS Preliminary s =7TeV,L<5.1f6" ys=8TeV,L<12.2f0" CMS Preliminary s-7TeV,L<5.1f6" \s=8TeV,L<122fb"
1 5.0:\‘ llllllll [T T T T T T T T T F T T T T T B > 1
c 4 5:_ 5 — Observed E ~ 20 c
< - Exp.for SMH |1 18 <«
o 4.0 ; = (8]
sk ; 1.5 16
ol / ] iy, T 14 Best fit SM-like but i, =0
et 12
o5l g 10 -' o not excluded at 95% CL
2.0F / = 8
15[ :
g 0.5 6
1.0F y E 4
0.5F \ = 2
. IR AN N 1
[ILO0 1 ) 3 0.0 5 0 o 0
Mg Mg Compatible with SM
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BSM In Loops

BSM can significantly alter phenomenology even if Higgs sector
largely same with new particles in loops

CMS Preliminary {s=7TeV,L<5.1fb"' Vs=8TeV,L<12.2f"

e 2.0

Don’t resolve gluon and photon loops 1.5
just treat as free parameters

2D scanin (I{Y,Kg) profiling 1.0

everything else with I'g,,=0 8

0.5 6

4

Best fit: (1.43, 0.81) 5

K, 95% Cl [0.98,1.92] 00 : 0
K, 95% Cl [0.55,1.07] 0 1 2 “73

Compatible with SM
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BSM in loops

BSM can significantly alter phenomenology even if Higgs sector
largely same with new particles in loops CMS Preliminary {5 =7 TeV, L <5.1 f6" V5 =8 TeV. L < 12.2fb"

5_0_.........|.........|.........|.|||pu-|unu-u

4.5
4.0
3.5

3.0
Investigate potential I';¢,,#0 2.5

— Observed

----Exp. for SM H

-2AInL

i
¢

’
¢
4

2.0

1.5
K., K, free parameters as before 1.0
But now profile and allow non- 05
zero decay to BSM particles

,
-
rl

-
-
-

I‘;‘IlllllllIIIIIIIIIIIII|IIIIIIIIIIIIIIIIII
0'00 0.2 0.4 0.6 0.8

BRBSM

—t

BR(BSM) [0.00,0.62]
Compatible with SM
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Generic C6 search

Examine individual couplings assuming custodial symmetry and not resolving loops

Leaves 6 parameters:

K, Ky Ky Ky Kp, K

Fit one, profile others

Looks largely SM-like

Some constraint even
with 6 parameters

-2AInL

-2AInL

5.0
45
4.0
3.5
3.0
2.5

2.0f

1.5

1.0F

0.5

0055

5.0 e

45
4.0
35
3.0

2.5)

2.0
1.5

1.0F

0.5

0.0t

CMS Prellmlnary s =
T T

T
\

-7 TeV, L <54 o' Vs-8TeV,L<i2.2f0"

— Observed

--- Exp. for SMH

'
'

CMS Preliminary ys =

j!\)gnulun o bbb b b o T
3

7TV, L<51Ib F a'rev L<1zzn:‘
T

—_ Obssrved

--- Exp. for SM H

i
[
/

fmz...‘l.m col b b oo e

-2AInL

-2AInL

CmMS Prellmlnary r

5.0
45
4.0

TTeV. L<51Ib F a'rev L<i22f0’
T

—_ Obssr\/ed

--- Exp. for SMH

3.5
3.0
2.5
2.0
1.5

1.0
0.5
0.0

o
e
o

—_
o
o L

~
<

CMS Preliminary F 7TeV,L<5.1fb" r 8TeV,L<12.2f"

5.0
45}
4.0
3.5
3.0f

2.5F

2.0
1.5F
1.0F

—_ Obsarvsd

--- Exp. for SM H

0.5}
0.0

[ I T FTTS N . Y o cows vt
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-2AInL

-2AInL

5.0F

45}
4.0
3.5
3.0f
2.5}
2.0
1.5
1.0f
0.5
0.05

5.0
45
4.0
35
3.0
2.5
2.0
15

1.0f
0.5}
0.0%

CMSPrelummaryr 7TeV,L<5.11" s = BT=VL<122|L1

— Observed

--- Exp. for SM H

TR P P ST . Swwws s

Xg

CMSPrellmmaryF 7TeVL<51ﬂ: F aTaVL<1221b‘
T

—_ Obssrvad

--- Exp. for SM H

\

w
A be b b e

]
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1-BR,,,
KT

Kt

kb

Ky

kg

KV

Couplings summary

Js=7TeV,L=5.1fb"

\s=8TeV, L = 12.1fb"

III|II\|III|I\I|III|II\|III|III‘III|II\
CMS Preliminary m,=125 GeV
- 65% CL intervals
S
e
L
——
——
el —
—l—
 — |
L
[
=
i
e s—
III|II\|III|I\I|mlll|lll‘lll|ll\

0 02 04 06 08 1

12 14 16 18 2
best fit

Model parameters Assessed scaling factors
(95% CL intervals)

Awz, Kz Awz [0.57,1.65]
Avez, Kz, Ky Az [0.67,1.55]
Kv Ky [0.78,1.19]
K¢ Ky [0.40,1.12]
Ky, Kg Ky [0.98,1.92]

Ko [0.55,1.07]
B(H — BSM), x,, x; | B(H — BSM) [0.00,0.62]
Adu, Kv, Ku Adu [045,166]
A'qu Ky, xq qu [000,21 1]

Ky [0.58,1.41]

Kp not constrained
Ky, Kp, K1, Kt, Kg, Ky Kt [0.00,1.80]

Ky not constrained

Kg [0.43,1.92]

Koy [0.81,2.27]
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Spin-parity: 0" versus O

Angular analysis based on ZZ search

Test statistic: q = log( L(B+0*)/L(B+0"))

CMS Preliminary

L
o
=)
[=]

Vs=T7TeV,L=5

]
W
o
=]

2000}

Generated experiments
&
o
=
[

1000~

500}

Throw 50k toys for each hypothesis

-20

EP
0-

== CMS data

Y

—

I

L
|
|
L
|
|
L
1
L
L
|
|
L
]
u]
]
L
L
1
4

CL, (07) < 3%

1ib s =8TeV, L=122M"

N

0 0.2
L
o

10

: -
0 10

-2xIn(L /Ly,)

0.4

0.6

0.8
20

30

Can also construct a likelihood with overall

scale and parameters sensitive to each
species
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With more data and improved analyses
CMS making significant tests of the new
boson

No significant deviations seen
— looks SM like

Benchmark parameterisations used to
probe for small deviations of couplings
from SM

Assuming spin-0 angular analysis
disfavours O

More data needed!

CMS Projection

CMS

1 | 1 1 1 1 | 1
Expected uncertainties on

Combination o

Hoyy

Higgs boson signal strength 30f'at s=8TeV

H-Z2Z

H— WW

Ho1tt

10f'at s=7and8TeV |—|

—

H—bb | }

0.0 05 10

Leptons

| ‘ |
1.5

2.0

Signal strength
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Standard Model

Canonical elephant
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SUSY Elephants?
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With more data and improved analyses
CMS making significant tests of the new
boson

No significant deviations seen
— looks SM like

Benchmark parameterisations used to
probe for small deviations of couplings
from SM

Assuming spin-0 angular analysis
disfavours O

More data needed!

CMS Projection

CMS

1 | 1 1 1 1 | 1
Expected uncertainties on

Combination o

Hoyy

Higgs boson signal strength 30f'at s=8TeV

H-Z2Z

H— WW

Ho1tt

10f'at s=7and8TeV |—|

—

H—bb | }

0.0 05 10

Leptons

| ‘ |
1.5

2.0

Signal strength




