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What went in the combination
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CMS
Mass measurement

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

2 T hn —anh | ®  Assume one particle, use two

< b N channels with good mass

I , _ resolution: yy and ZZ(4l)
HHCP |\ ¢ < | o Allow for three independent

signal yields (not tied by SM)
: : e ggH (also ttH) =& vy
: e VBF(alsoVH) > yy

- : e inclusive ZZ (4)
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e Gevy | @ Fitforacommon mass:

PRL. 110, 081803 (2013)
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Bottom plot is made with relaxed m,, cut (12->4 GeV)

Update on mass in ZZ(4l)

Events / 3 GeV

CMS Preliminary
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e Validation with Z—> 4l peak

e derive mass and width

e excellentagreement with PDG
values

e The 4l channel now gives

overall the most accurate
measurement

e 125.8+0.5(stat)+o0.2(syst) GeV
e was126.2+0.6(stat)+0.2(syst)

e Expectto contribute morein

the combination

e The uncertainty in 4l channels

still dominated by statistics
(systematics errorin 4e is 0.3%
and 0.12% in 4u)
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m,, VS m,, in 4l channel
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e Follow-up to the question raised this morning
e There was a clear statistical fluctuation that is filling in
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% Check the compatibility with SM

e Giventhe mass, properties of the SM Higgs
boson are all known theoretically

e Proceedto test data whether it's compatible
with SM prediction on various properties

e signal strengths

® spin parity
e couplings
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CMS

Signal strengths

e Overall signal strength (common scale factor for expected
signal event yields in all channels): u=0.88 + 0.21

HCP Vs=7TeV,L<51f" {s=8TeV,L <122’ o SUb_Comb|natlonS

CMS Preliminary m, =125.8 GeV

oo grouped by (production
Soon tag) x (decay mode)
TR o x3/ndf=8.7/11

R e P(x*>8.7|ndf=11)=0.65
o e Results are consistent

H— ZZ

- with the SM Higgs boson

2
Best fit G/GS

M
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Signal strengths

Vs=7TeV,L<51fb" ys=8TeV,L<19.6 fb"

CMS Preliminary ~ m,, = 125.8 GeV
H — bb (VH tag) ..
H — bb (ttH tag) ]
H— 11 (0/1 jet)" —-—
H > 1t (VBF tag) --—
H— 1t (VH tag), .
H — vy (untagged) a-l—
H - v (VBF tag) P —
H— WW (0/1 jet) -
H— WW (VBF tag) ——
H— WW (VH tag) -
H = ZZ PR T S T |+ R B L
-2 0 4

2
Best fit G/GSM

New updates on some modes
preliminary with full 2011+2012 data

New results are compatible
with the SM Higgs boson

H—=>ZZ(o/1jet) :0.84%3%
H->ZZ(dijet tag): 1.22%°-84

-0.57
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CMS

Spin parity
(new)
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CMS

Spin parity

e Sofar, we know the observed particle (assuming just one
particle)
e Xisaboson (decays toyy, 4l, etc.)
e Xcan'tbespini(decaystoyy + Landau-Yangtheorem)
e Xcan't be100% o- (from 4l correlations)  PRL. 110, 081803 (2013)
e Furthertestsin 4l and WW(lvlv) channels with full data on a

few reasonably well motivated JF hypotheses (“pure” states
only) w.r.t. SM Higgs boson

~JT | prodquction | description |
0t gg — X SM Higgs boson
0~ gg — X pseudoscalar
07 gg — X | BSM scalar with higher dim operators (decay amplitude)
2% 00 | 99— X KK Graviton-like with minimal couplings
2+mqq qq — X KK Graviton-like with minimal couplings
1~ qq — X exotic vector
1t qq = X exotic pseudovector

NB: testing spin 1 hypotheses makes sense if the excesses come from more than one particle

3/6/13 Mingshui Chen (UF) 11



% Matrix Element approach in 4l

e Build two discriminants based on the complete
Leading-Order MEs g o -

O 22 ¢ data
— 0, mu=1 26 GeV

W 20f

e Dy, to separate signal from o
background ( ME combined %L
with pdf(mal) ) :
e D, toseparate the SM Higgs T

D bkg

boson from alternative JP hypothesis

o Exploit fully the (D, D,p)-plane in statistical
analysis

3/6/13 Mingshui Chen (UF) 12



seudo-scalar

MS Simulation
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CMS preliminary \s=7TeV,L=5.1f5'Js=8TeV,L=19.6 '
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CMS preliminary Js=7TeV,L=5.1f5" {s=8TeV,L=19.6f5'

CMSpreliminary {s=7TeV,L=5.115" {s=8TeV,L=19.6ft'
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B

CMS ) .
Spin-parity: results

Expected [o] Observed (u from data)

n=a | M from | P(q>Obs|alternative) P(q>Obs|SMHiggs) . ..
data [o] [c]

gg o 0.16
1.8 1.7 1.7 +0.0 8.1

qq —1* 2.6 2.3 > 4.0 -1.7 <0.1

qq 1 3.1 2.8 > 4.0 -1.4 <o0.1 |

Assuming spin-o, fitting for CP-odd contribution gives

(more in backup)

— +0.2
fa3 = 0.00 3 0.00

The studied pseudo-scalar, spin-1 and spin-2
models are excluded at 95% CL or higher

3/6/13 Mingshui Chen (UF) 16



. Onl?/ different-flavor o/1 jet channels (shape-based
analysis)

e Exploit the (transverse invariant mass, dilepton mass)-
plane

e Tested model: spin-2 resonance with minimal coupling
(gluon-fusion production mode)

CMS preliminary L = 19.5 b (8TeV) CMS preliminary L = 19.5 b (8TeV)

Spin-2 Hypothesis SM Hypothesis

3/6/13 Mingshui Chen (UF) 17



CMS e »
% Brand new: spin in WW(lvlv)

CMS Preliminary ys=7TeV,L=491fb'; {s=8TeV,L=19.5fb"

expected | observed

g400- I assuming /0, =1
oo | 0* 1.9 0.9
B.. - ID] 24 . .
QOOO_— == CMS data I +
P [ il 2+ 2.4 1.3
8001 assuming pre-fit o/o.,, from data
600 A | L 0* 1.5 0.5
400 : . 2% 1.8 1.3
200~ i = Expected separation is at
SOOI {11k = the 2-o level
B0 20 40 o0 10 A 1% Data is consistent with both

hypotheses and slightly
favoring o+
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CMS

Couplings compatibility tests

(not updated since HCP)

Assumptions:
* single resonance
e zero-width

e no modification of the tensor structure

3/6/13 Mingshui Chen (UF)



CMS

Couplings compatibility tests

8 independent parameters (I';; Ty Mo Top T g

[and ;o) to describe all currently relevant decays

and production mechanisms

r.r
N(xx—H—yy)~o(xx—=H)-B(H— yy) ~ - A

tot

Extraction of all 8 parameters is too early with the
current data

Instead, we go after couplings compatibility tests
e assume SM Higgs couplings

e introduce a limited number of scaling factors (k, A) for
couplings and ratio of couplings

‘ 3/6/13
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CMS

Custodial symmetry

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV,L< 122"
T Ty vy rigrTrard

e |nSM, the ratio of

A 4.0F

LT T |Il|:
- ]

—Obeoned | couplingstoW and Z

- Exp.for SMH |1

: bosons is almost not

3.5
3.0
2.5
2.0f
1.5}
1.0F

affected by loop
corrections

0.5

0.0t

1 Data consistent with the
11111111 L .
1.5 sz custodial symmetry
Z

Henceforth we assume: x, = x,, = K,

I 3/6/13
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N HCP

Asymmetry of couplings to fermiSits

e InMSSM, couplings to up/down fermions are modified

e |nmore generic 2-Higgs Doublet models, one can also
alter relative couplings to leptons and quarks

| 5.0y T T Lso1 b szt Y e ST SR, e
< 450 '\‘. — Observed E < 450 ‘\‘ — Observed g
ﬁ 4.02_ :\ ---- Exp. for SM H _ : 4_0; -’---Exp. for SM H _
3.0F \ - sof i =
2.5F - 25F % -
2.0F 3 200\ ! =
1.0f 1.0f "
0.5F E 0.5F E
0.0 05 145 0.0 R S 3
A\q,: ratio of couplings between Ay M\: ratio of couplings Klq
down- and up-fermions between leptons and quarks

Both ratios are consistent with 1
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CMS

Ky and K,

e Map vectorial and

CMS Preliminary s =7TeV,L=5.1fo"' \s=8TeV,L=12.2fb"

L 2.0 SALSSLL AL L) - . . . .
< : fermionic couplings into
I ] two scale factors, k,, and
1.4F P _;
12} TN R Ke
1.0F " \ i
o8- N i 1| ® H>(Wandtloops)2>yy
0.6] ‘\ /’ E v v
0.4f '-.._“. \\_//i..,.,.~ E i W, ¥ , !
0.23— R —f I t t
0.Qbtiiiii L L : v $
0.0 0.5 1.0 1.5
Ky

Data consistent with (k; K;)=(1; 1)

3/6/13 Mingshui Chen (UF) 23



Look for new physics in Ioop

e New particles can

reliminary {s=7TeV,L<51fb"' \s=8TeV,L<12.2fb"
_1 5.0 ERRRRRERE BARRREEEENRRARY LARRSRARARRRAN -

< a5 o e hidein the loop-mediated
RS ’ . couplings
. e contribute to the total width
s | o Allow total width to scale as
ol A | 1/(1-BRggy)

0.0: ’I‘I‘I’ll |||||||| lovvuiiing Ll vivney [FEETREREE .

No sign of new physics
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C6 model

e Assuming custodial symmetry and BRg,,=0
e End up with 6 scale factors: x,, K, K, K, Ke K,
e Fitindividually each of those, while profiling the others

MS Preliminary {s=7TeV,L=5.1fb" ys=8TeV,L=1221b" CMS Preliminary {s=7TeV,L=5.11" {s=8TeV,L=12.2f"
R R N A R e e NS A B e e

50 T 150 5 OCMS Preliminary {s=7TeV,L=5.11" {s=8TeV,L=1221b"
< 4.5; — Observed % = 4_5; — Observed *E c 4.5; ',: — Observed ]
g 40;_ ‘ ———-E'xp.forSMH E g 40;_ ----Exp.for SMH |7 c<\1‘ 40;_ ' - Exp.for SMH |1
35- } i 3 355 7 ast : E
3.0- : K j 3 80" 7 3.06 ; -
o ARy s Ky /0 e | K
200 Y S 20y 7 e ||V 8 JE
150 ; 3 150 3 150 : gl E
to: o > L
0.5- , 3 0.5- 3 055 E
E ol N SN T NP < I I ST T A N0 AT
-0 05 1 15 2 0% 1 2 3 0.0 0B 1 15 >
K K Kq
| 5.0 CMS Preminay fs 7T, =51 3-8 ° ° o ° LoSitr -8Tev L 1220
E)d —«§ No significant anomalies | —o--
< 40; —---Ex ----Exp.for SMH |7
Al 4.0 ; = Avin g -OF =
350 = 35- = 35- | i =
3.0 AR 3.0F - 3.0F } ; =
1.0F 1.0F 1.0f . '
0s- | [ s N
ST NP TN e ST v d T FURTTRTI PR Frovnntnndvde N b 03
%% 05 1 15 2 0% 1 2 3 4 005 T 15 2 25
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CMS
B summay

e Mass of the observed boson: 125.8 + 0.6 GeV

e (Coupling compatibility test: consistent with SM
prediction, no significant anomalies

e Datais consistent with SM o+ and disfavoring the
following pure states:
e pseudo-scalar
e vector and pseudo-vector
® spin-2resonances with minimal couplings

e Time has come to treat the discovered boson as a

part of the background model in all searches,
including searches for a second Higgs-like boson

e More results are coming, stay tuned!
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CMS

Many thanks !

More information is available at
CMS-PAS-HIG-12-045
CMS-PAS-HIG-13-002
CMS-PAS-HIG-13-003
CMS-PAS-HIG-13-004

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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CMS

Additional materials
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m,, vs m,, with m,, in (121.5,130.5)

CMS preliminary Ns=7(8)TeV,L=5.1(19.6) fo!
A120 L | LI | L | LI | LI | L | L | L
> i i
q) | ]
(D | |
‘:“1 00~ / m 4e:8TeV/7TeV ]
EN i ® /W 4u:8TeV/7TeV ]380
sol- ® /W 2e2u:8TeV/7TeV | o5
i | 20
60— —
i L) 1 =15
B ° = - i
40[— o -1 —{10
I m |
| ° ] —5
20— —
[ IllLLIllllll__O
40 50 60 70 80 90 100 110 120
m,. (GeV)

Distribution of the reconstructed mass of the second lepton pair (MZ2) versus the
reconstructed mass of the first lepton pair (MZ1) for the 4e, 4, and 2e2p final states.
Shaded histograms represent the expectations for a signal with m,,=126 GeV.The
measurements are presented for the sum of the data collected at /s =7 TeV and /s = 8 TeV.
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CMS

HCP combination input

Higgs

Higgs

Mass

Data used

decay production range 7 TeV 8 TeV Mass Used in the
mode mechanism [GeV] (1] (1] resolution | combination
Y Untag (~gg) | 110 150 5.1 5.3 1-2% v
VBF-tag 110 - 150 5.1 53 1-2% v
bb VH-tag 110 =135 5.0 12.1 10% v
ttH-tag 110 — 140 5.0 - - v
TT 1-jet (~gg) 110 — 145 4.9 12.1 20% v
VBF-tag 110 - 145 4.9 12.1 20% v
ZH-tag 110 — 160 5.0 - - v
WH-tag | 110 - 140 4.9 - - v
77 - 4 Inclusive 110 -1000 5.0 12.2 1-2% v
77 2 22x Inclusive 180 1000 5.0 12.2 10-15% v
77 2 212v Inclusive 200 - 600 4.7 5.0 -
ZZ > lljj Inclusive | 120- 600 | 4.7 - -
0/1-jets (~gg) | 110 — 600 4.9 12.1 20% v
WW = 212y VBF-tag 110 - 600 4.9 12.1 20% 4
WH-tag 110 - 200 4.9 5.1 - v
WW = lvjj | Untag (~gg) | 170 - 600 5.0 12.1 - v

NB: tags are never 100% pure

(e.g. VBF-tagged events are expected to contain 20-50% gg—>H, depending on the analysis and sub-category)
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What we excluded

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

-2 ’ | T High mass channels:
2 . . WW(lviv)
g 19 ; WW(lvlq)
- 107 ) ZZ(4l) upto1TeV
S, 3
T 107 E% ] _ ]
= Exclusion at high mass is
/) H
5 ofh up to 700 GeV at 95% CL
_I(,,1O N E
- E —=— Observed H .
Pkl | Expected (68%) The void between 130 and
_7;_ :‘ ------ Ex;.)ected (95%); 0
1075265 sb0-adoeoooo0 | 000 GEV at99.9%6 CL

my (GeV)
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Mass measurement

e Two channels with good

CMS Prellmlnary !s 7TeV L<51fb \s=8TeV,L<12.2fb"

7 301 Hopy + Ho2Z | # Comined | mass resolution
B o5 : ::Z } o vy (relative rates for VBF
: : and gg—>H contributions
2.0¢ E are SM-like)
.. E e inclusive ZZ(4l)
1 OE 1 e Results are consistent with
o : one particle = can
0.5/ - combine
T T T e Black curve:
' 124 125 126 127 128 i
m, (GeV) e example of the SM-Higgs-

like combination with a
common mass and a
common signal strength
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CMS
% Self-consistency by search chanl

e Two signal strengths in
each of 5 decay channels
e onerelatedto fermion-
coupling induced
production mechanisms

CMSPrellmmary |s 7TeVL 51fb Vs=8TeV,L<12.2fb"
LI

uqq H+VH

e anothertoW/Z-coupling
induced production
mechanisms

- - e u=(CSxBR)/(CSxBR)¢y,
100500 0510 1520 2530 3.5

" NB: these results for 5
channels cannot be
combined by construction
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CMS [ ) e e [ )
W Discriminants in 4l

e Build two discriminants based on the complete
Leading-Order MEs

e one to separate signal from background, combined
with mass information = Dy,

Dpka = [1 + Cokg - Mgk (53)]° - pdf (mae BKG) ]_1
L ° [ MHiges(Pi)|? - pdf (mae|Higgs)

e another ME discriminant D ; to separate the SM
Higgs from JP hypothesis

Mye (5) 2 H
|MHiggs(ﬁti)‘2_

DJP — [1—|—ij .
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CMS

Fit for CP-odd contribution

e Perform a fit for the fraction f_, of a CP-odd
contribution in the observed peak

|A3]
[A3] + |43

fa3 A(X - VV) v €1H€2 (algw/mH + a2q,9v + a3€uvapBqdl QQ> Al + A2 + A3|

(A2 contribution assumed to be 0)

e decays of state o_* governed by the A1 amplitude
e decays of state 0 governed by A3 amplitude

o Take separate templates for SM
Higgs (A1) and o- (A3) states and fit “I / :
the data for the ratio between the B 4
two states e

e Measurement of the f_ fraction
in data: f,,= 0.00*%3 |
or equivalently f,; <0.58 @ 95% CL

2A InL
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Correlations btw discriminants D,

+ A + g s 1
O 0.9t O 0.9t £ 0.9F
0.8F 0.8F O 0.8F
0.7F 0.7F 0.7F
0.6F 0.6F 0.6F
0.5F 0.5 0.5
0.4 0.4F 0.4F
0.3F 0.3F 0.3f
0.2F 0.2F 0.2F
0.1F 0.1 0.1F
00—I 010203040506070809 1 00 010203040506070809 1 00_ 0.102030405060.70809 1
D1 2m+ (qq) DZm+ (qq)
e Correlation between two D, with a requirement Dy, >0.5: D, vs D,
(left), D,, vs D, 2+qq (CENtEN), and D,,vsD, (rlght) Dlstrlbutlons of data
(points) ‘and expectations for 5|gnal are shown
® ggspin2+, qqspin2+: correlated by same decay angles
e (qspini+, qqspin2+: production angles and their correlations
| 3/6/13 Mingshui Chen (UF) 38 |



CMS
% Scattering amplitude assuming spin-0

arXiv:1208.4018 [hep-ph]

—_ * _* * * * * q qa * ~*
AX = ViVy) = v (g£°>m%e1e2 + g0 flD fr @ 4 g0 O 1O = + 9O fu f ‘2“‘”)

scenario X production X — VV decay comments
0;, 99 — X g\ #£ 0 in Eq. (@) SM Higgs boson scalar
0F gg — X gi(,o) # 0 in Eq/ (9) scalar with higher-dimension operators
0~ g9 — X g‘(10) # 0 in Eq. (9) pseudo-scalar

Therefore, terms with giu) in A(X — V;V3) are associated

with dimension-three operators in the Lagrangian, terms with géo) and géo) with dimension-five, and terms with g:(;o)

with dimension seven.
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CMS
% Production x Decay parameterization

e 8independent parameters to describe all
currently relevant decays and production
mechanisms

' I

77 Nxx—=H—=yy)~o(xx—=H)-B(H—yy)~ ;C 2
WW
i -m

v
b bb v v
n v v v
- i) [

ETI

tt

or(including H=> “ invisible *)

‘ 3/6/13
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CMS

Coupling scale factors

Production modes Detectable decay modes Undetectable decay modes
OggH Kg(Kb,Kt,mH) Fywwe 2 Lz 9
SM K2 M = Kw M = X
OgeH g WW () tt
OVBF 2 Ly r :
— = *vBe(xw,xz,mp) = K2 [,Sifd : see Section 3.1.2
OVRBF Z.Z(%) gg
OWH I - [z 2
S = KW b2 M T
9WH SM b e
bb
O7ZH I'ss 2
<M K% | - 9 SM = K
o.t'EH 2 t—tt , Fu_u+ - ,
—— = X Ly Ky (Kb, X, Ko, KW, M) ™M~ &
o TSM  — 2 ppt
ttH Ly 5y
FZy . K%Zy)(xbaxt:Kt:MVamH)
SM
FZy K%ZY)
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Scale factors for loops

e |n the case of coupling via loops scale tactors are
functions of the other scale factors

e Example: the gluon fusion cross section scaling:

2. 0"

K2(K,.K, M) =——=5
Oby+ Oy + 00

o Where 0, % is the square ofggc}he tSp and bottom
contrlbutlons and O, L, is the square of the
interference terms

e Interference term is negative for M ;<200 GeV

e Similar expressions implemented for other loops (yy,
Zy)
e VBFis also expressed as combination of k,, and K,

e Alternatively the dependency on other scale factors

can be discarded and treat the loop scale factor as
additional free parameter

+ K, Oy + KK, O

ggH
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Custodial symmetry

CMS Prehmmary (s=7TeV, L<51fb Vs=8TeV,L<12.2fb"

Custodial symmetry: in SM,
the ratio of couplings to W and

) 5O e e
< 45| ﬂ:;"z"" (011 jet e Z bosons is almost not
o 4.0f ~——  affected by loop corrections
22_ : Compatibility test No.x:
o 5E E e useun-taggedWW and ZZ
2 ok E channels
150 : e theratio of signal yields: ~g?,,/
1.0F ; 9%7=Nwz
031 E e assume SM coupling to
0.0 0.5 R > fermions (k.=1); dependence
Mz (K = 1) on this assumption is weak
e Fitfor:x,, Ay
| 3/6/13 Mingshui Chen (UF) 43



CMS

Custodial symmetry

e (ustodial symmetry: in SM,

e A A the ratio of couplings toW
< 45} g —Obseved and Z bosons is almost not
- ' ----Exp. for SMH |1

o 4.0F ., - 1 affected by loop

35 '-., corrections

3.0f ‘-. = T

ool g 1 o Compatibility test :

2.0 4 e assume common scale

1.5 '-‘. £ factor for couplings to

1.0f : fermions (k)

0.5/ | | E e Fitfor:x,, Ay, ,Kr

0.0L o R T, 3 A8 FH A, ]

0 0.5 1 1.5 2 R .
Myz Data consistent with the
custodial symmetry

Further we assume: x, = K, = K,
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HCP
Two parameters: k,, and KF-

TSRS e Map vectorial and fermionic couplings
into two scale factors, x,, and K,

e H->(Wandtloops)=2yy

160
1.4f
1.2f

100 S
g P Vi3 A A
0.8} - }g E W, t
6F Pl i H H
065 P\ Ji4 wo e t

0.4 N\ _~
- el W’ t
oz | : :
o es e s e sensitive to relative sign of couplings to
W and top
o 2.0;9"?F."’I"T'i?afy.'?T?T?‘f’L.=,5;‘.“’]1 .“Sf.s.Te.V',LT?2.'2.*"{'5 ° relative Sign of W and top |Oop
1.5 p— amplitudes is negative
o (&) e Slight excess in H>yy makes the fit
iy T orefer (+:-) quadrant
0] SRS e to make positive interference between
1.0 L\ @/ W and top loops
150 i E

gt - Data consistent with (x,; K;)=(1; 1)
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% Look for new physics in Ioop

CMS Preliminary ys=7TeV,L<5.1fb" Vs=8TeV,L<12.2fb"
:zc-, 2.0 .
1.8f

1.8
1.4f
1.2f

e New particles can

e hidein the loop-mediated
couplings

o L LN
osf @ PR e contribute to the total width
o | e Parameterize the photon and

0.2f
00_ 111111111 Lo v v v 010 Lo v v w01 ]
0

L the gluon loops with effective

CMS Preliminary {s=7TeV,L<5.1fb' ys=8TeV,L<12.2fb"
50— RARRREEERNRARRN (AARNRERERREAN

e “omenes | scale factors (k,K,)
ag | e Inaddition, allow total width
to scale as 1/(1-Br. )
No sign of new physics
i 00 ="%02" 04 o6 0 lsBRBSM1
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Couplings compatibility: summary

Model parameters Assessed scaling factors Comments
(95% CL intervals)

Awzr Kz Awz [0.57,1.65] Ratio of couplings to W and Z; ZZ and WW(0/1jet) channels only
Awz, Kz, Kf Awz [0.67,1.55] Ratio of couplings to W and Z
Ky Ky [0.78,1.19] Couplings to W/Z-bosons (V); ks = 1
K¢ K¢ [0.40,1.12] Couplings to fermions (f); x, = 1
Ky, Kg Koy [0.98,1.92] Couplings to photons (y) and gluons (g)

Kg [0.55,1.07] (loop-induced couplings)
B(H — BSM), k4, k¢ | B(H — BSM) [0.00,0.62] Branching ratio for decays to BSM particles
Adus Ky, Ku Adu [0.45,1.66] Ratio of couplings to down and up-type fermions
Abgr Ky, Kq Agq [0.00,2.11] Ratio of couplings to leptons and quarks

Ky [0.58,1.41] Couplings to W/Z-bosons (V)

Kp not constrained | Couplings to down-type quarks (b)
Ky, Kb, Kz, Kt, Kg, Ky Kt [0.00,1.80] Couplings to charged leptons (1)

Kt not constrained | Couplings to top-type quarks (t)

Kg [0.43,1.92] Effective couplings to gluons (g)

Koy [0.81,2.27] Effective couplings to photons (7y)

No significant deviation
from the SM couplings

3/6/13 Mingshui Chen (UF) 47



CMS

Test statistics

Signal model parameters a (signal strength modifier y can be one of them) are evaluated from
a scan of the profile likelihood ratio g(a):

L(obs|s(a) +b, 8,)

Ve - ~ (6)
(obs|s(a) + b, 6)

g(a) = =2 1In

Parameters @ and 6 that maximize the likelihood, £(obs |s(d) + b, 8) = Lmax, are called the
best-fit set. The 68% (95%) CL on a given parameter of interest a; is evaluated from g(a;) =
1 (3.84) with all other unconstrained model parameters treated in the same way as the nuisance
parameters. The 2D 68% (95%) CL contours for pairs of parameters are derived from q(a;, a;) =
2.3 (6). One should keep in mind that boundaries of 2D confidence regions projected on either
parameter axis are not identical to the 1D confidence interval for that parameter.
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