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2 Introduction

PHYSICAL REVIEW D 89, 012003 (2014)

Search for the standard model Higgs boson produced in association
with a W or a Z boson and decaying to bottom quarks

Higgs boson a well established raviat
(Received 14 October 2013; published 21 January 2014)
pl ayer at the LHC... A search for the standard model Higgs boson () decaying io b5 when produced in association with a
EHEP

All' 5 major channels now published
using full Run-1 dataset,
19.7(5.1)fb71 at 8(7)TeV. Evidence for the 125 GeV Higgs boson decaying to a

pair of T leptons

This talk covers their combination: . PHYSICAL REVIEW D 89, 092007 (016)
M L% Measurement of the properties of a Higgs boson in the four-lepton final state
> ass ™ S. Chatrchyan er al."
(CMS Collaboration)
> R ates (Received 18 December 2013; published 14 May 2014)

The propertis of a Higgs b) E/AIEE®

= e, u,using data from pp o

» Couplings ey o s 7 TV

Measurement of Higgs boson production and

» BSM considerations e Wit T S e

final states

Sge detailed talks this week for e T THE EuRopEAN
J Ty (Direct constraints), e

H — ln vV an d BS M H |ggs sea rCheS. Observation of the diphoton decay of the Higgs boson

and measurement of its properties

The CMS Collaboration*
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> Muon Calorln)eter 4
. 1400.chamers
DT(Barrel), CSC(Epd'caps) RPC

o \
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/{p0%e fici L ERREY, S GeVr i 61,200 (7,324)
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Calor ) .
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@ Higgs Signatures

Wide coverage of Higgs production/decay channels at CMS

PhysRevD.89.092007
EPJ C 74(2014) 3076
JHEP01(2014)096
JHEP05(2014)104
PhysRevD.89.012003
PLB 726(2013)587
arXiv:1406.7663 (Sub PLB)

v/ Included in couplings combination

Rare production searches: tHq(v+, bb)

| CMS-PAS-HIG-14-009 | [HIG-14-001,HIG-14-015]
See dedicated talks covering the many
> >200 sub-channels BSM scenarios studied (J. Steggemann,
» >2500 nuisance parameters A. de Oliveira, C. Vernieri, S. Padhi, D.

Wood, C. Jessop)

*[JHEP 09(2014)087]
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@ Mass Measurement %

Higgs properties extracted at the

best fit mass: L 10 AT 2 S TeV)
£ —— Combined
125.03792% (stat) 912 (syst) GeV ‘ £ o CMS — H - yy tagged
e ol R e AN <t Preliminary M ZZtagged
N 8 H_oyy+H-ZZ
» Combine high resolution channels, "gE By R (GgHEH),
H— vy and H — ZZ* — 4. o M (VBFVH) A
> Reduce model dependence in fit by 5; E
independently floating 3 signal F ]
modifiers. . . 4; E
HagH,eer (H — 7). 3F =
pver,vi (H = 7). 2k E
w(H—ZZ* — 4) 15 ]
H — vy and H — ZZ measurements TR ‘:
compatible within 1.60. P35 12a T 126127
m, (GeV)
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CMS /|
@ Signal Strengths by Topology Z

_ 19.7 fb (8 TeV) + 5.1 fb* (7 TeV)
! C‘;Eti;”\ll.e?_?'nto.lg cMS m,, = 125 GeV Sub-combinations of production
- ag > : ; .
H - bb (ttH tag) | Prefiminar tagging and decay modes:
H - yy (untagged) » x?/ndf = 10.5/16
H- BF ta
H qyzyo(/VH tag; » p-value = 0.84 (wrt SM)
H - yy (ttH tag) H "t
H - WW (071 Jot) Combined best fit:
H - WW (VBF tag) A
H - WW (VH tag) 1.00 £ 0.09(stat) %% (theo)£0.07(syst)
H — WW (ttH tag) —_—
H - Tt (0/1 jet N
H L TTT(TV(B,: t{:g; » Theory uncertainty includes
H - Tt (VH tag) QCD scales, as+PDF, BR,
H - 11 (ttH tag) ] UE-PS.
H - ZZ (0/1jet) ) .
H-zz@jets)| . . ., . .| i'\— L » “Syst” includes all experimental
4 2 0 2 4 6 uncertainties.
Best fit /o,

Nicholas Wardle
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@ Signal Strengths by Decay %5

Combined
H=1.00+0.13

H - bb tagged
1=0.93+0.49

H - 1T tagged
u=0.91+0.27

H - yy tagged
pu=1.13%0.24

H - WW tagged
H=0.83%0.21

H - ZZ tagged
u=1.00+0.29

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

CMS m,= 125 GeV |
Preliminary Obs (Exp)
L
R <33, (3.90)
——

Nicholas Wardle
6

Sub-combinations
by decay tags:
» x?/ndf = 0.9/5
» p-value = 0.97

Signal well established
in main boson decay
modes. Evidence for
Higgs decays to
fermions.

*H — WW included as
signal for H — 77 result.

MS Higgs Coupling Measurements



@ Production Modes %‘

19.7 fb? (8 TeV) + 5.1 fb™ (7 TeV)

Fits of production XS:

Preim
» Assume SM values for Preliminary = 95% CL
all BRs (uncertainties ;
included). | e 6.50 |
» Simultaneous fit for four
production cross-section " 3-60‘
normalized to SM. Ver
» Deviation from SM in : 2.70‘
WeeH at 2.10, driven by Hun =
excesses in ttH tagged 5 3.50‘
H — WW and By : —
H%y’yanaly§e_s(see o
talk by P. Onyisi). 0 1 2 3 4 5 6

parameter value

Nicholas Wardle
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@ Production Modes %‘

10 197fb (BTev) + 5.1 b (7 Tev)
Ratio of V-boson to = E‘ ‘ I T=—="Combined |
H . = 9} —— H - Tt tagged H
fermion modes: a ok re“mmary T wwragaed |
» Group vector boson and o 8 — E - ZZttagge:
fermion related 7L e
production processes. 6F 4
» BR uncertainties cancel 50 E
in ratio of figgH ¢rH tO 4§r E
HeggH ttH- 3; E
Observed (expected) g 1
Combined Ratio: 2= E
15
1.25+063 (1 0049y A\ A——
- | 0 1 2 3 4 5 6
HVBF,VH “ggH,ttH

Nicholas Wardle
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@ Couplings %5

Unfold the signal rates per-production/per-decay back to
underlying coupling modifiers

Framework appropriate for testing Yukawa \ . GaUge sector
deviations from SM. sector

Assumptions: -
» Single resonance at 0 Mixed

mx = 125.03 GeV. sector

» Zero width (factorize prod
x-sec and decay BR)

Down type /

. W ‘ ) Loops (. g)are

» Tensor structure J" =0 | 8 sensitive to BSM
contributions.

Quark loop

Based on recommendations from the LHC HXSWG (input from theorists
and experimentalists) [arXiv:1307.1347]

Nicholas Wardle
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@ Couplings %;

Total of eight independent parameters (7 partial and 1 total
width) used to describe relevant production and decay
mechanisms:

N(ii — H — ff) =~ o(ii — H) - BR(H — ff) ~ rli'irff

tot

» Define scaling factors x; for couplings which map to partial
widths:

/{Wa "{Za ’Liba "{ta K’Ta ‘

Loop couplings - and r, treated as effective couplings in
some models.

NB: I'; = k2 x 7™ only for non-loop induced processes

Nicholas Wardle
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2l

Test compatibility of tree-level couplings
with SM
» One parameter per tree-level coupling.
» Assume SM structure for loops.
> Resolve VBF into W/Z, ggH into
top/bottom contributions etc...

Parameterize couple modifiers in terms
of vev parameter (M) and power relation
of coupling with mass (¢)*

2e

> Ky, z : vev X MTKZE
. mg

> Kt bt - vev X W

SM recovered for M = vev = 246.22 GeV,
e=0 = KW,Z,t,b,r = 1.

*(J. Ellis and T. You, [arXiv:1207.1693])

Nicholas Wardle
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Coupling vs Mass

19.7 b (8 TeV) + 5.1 fb™ (7 TeV)
CMS W 68% CL
Preliminary = 95% CL

W -

K, ———
———

L B —
o

I L L
0 0.5 1

1. 25
parameter value

X or (g/2v)*?

10?

Preliminary
e

1L |---SM Higgs

=
o

19.7 b (8 TeV) + 5.1 s (7 TeV)
T T T

CMs

== 68% CL
—95% CL

Moft |
== 68% CL
—95% CL

Il L
100 200
mass (GeV)

I
1 2345 10 20




cMS, |
Custodial Symmetry Z

<

. 107 BB TeV) + 5. (7 ToV. Flt. for \yz = mw/nz'. In .the SM, the
_, T e e oy ratloothchoupllngs|snearly
£ of CMS — Observed .
> ggp,e"minary b forsMH |1 unaffected by loop corrections
N N j = . . .
. H = YV iy CaE » Full combination (profile xr)
7 Tz fwz "
6F i +0.22 S 3
f | ‘ 94757 ‘ ] Q?
5 B ; E 19.7 b (8 TeV) + 5.1 b (7 Te
E | E 1 10— e e
4? . = £ 9 CMS — Observed El
3F | g 3 I E Preliminary - Exp. for SMH Bl
£ \ 3 o~ 8 Ki Kz, )‘wz ; E
2= 5 / E ' 1 E
15 k! L B s ' —
GE\M\ “““““ 6 0.9 .' p E
0 05 1 15 sE .,. E
4 Az (K =1) = | E
- : ;
3F l'. ',' -
» Direct contribution from WW 2F E
and ZZ 0/1-jet channels (Fix 1
_ _ _ =1 0 L ‘M'ﬂ | [
Kf = kit = Kb = fir = 1) 0 05 1 15 2
)\WZ

Nicholas Wardle
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@ Couplings to fermions %3

19.7 b (8 TeV) + 5.1 fo (7 TeV) 19.7 fo™ (8 TeV) + 5.1 f5* (7 TeV)
1 A0prrrrrrr e e e e 1 10prrrrrrr e e e e
£ o CMS — Observed Ei £ o CMS — Observed 3
g E Preliminary ----Exp. for SM H g g E Preliminary ----Exp.for SM H ;
N 8F Ay, Ky Ky H N BE A KKy H
7t ‘ : 7t ‘ 5
6 0.20 3 6 02 E
F 3 ‘1~01t019 E F 1.0255% E
5F | (—— E S5F s E
- 1« .
s s
2 2
1F / . 1F 7 1
Qb il MMHM\HHHHF 0%""‘H‘\HMM‘HH\HHHHF
0 0.5 1 1.5 2 0 0.5 1 1.5 2
)\du )‘Iq
Mgy = ratio between up to down type Alg = ratio between lepton to quark
couplings. couplings (lepton universality).

Nicholas Wardle

S Higgs Coupling Measurements



CMS §
@ Vector bosons vs fermions %

Collapse vector boson and

CMS Preliminary 19.7 o (8 TeV) + 5.1 fb™ (7 TeV) . N A
r : fermion couplings into two
Lo+ Observed [ SM HIggS modifiers:

2 H- WW & ..
j—— G » SM Corresponds to positive
quadrant.
—
1

ATt » H — ~v decay loop sensitive to
— relative sign of top and W
amplitudes.

> Interference impacts observed
H — ~7 rate.

Combined 95% ClI:
Ky € [0.88,1.15]

|
20 05 1 15 k¢ € [0.64, 1.16]‘

Nicholas Wardle
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@ New physics in loops %5

New physics can show up

19.7 o (8 TeV) + 5.1 fb* (7 TeV)

in loop-mediated processes: | 18—
L CMS
1.6¢ Preliminary B
» Consider coupling to 140 B
photons and gluons as S —
effective couplings with 12r =S E
modifiers k-, and kg. 1.0 ( \\\ =
» Fix all tree level couplings 08k N \ v
to SM values. 06" "'~~....:\\___/)
» Best fit parameters: B
kg = 0.89+0.10

Ky = 0.15+0.13

Nicholas Wardle
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@ New physics in loops %5

New physics can show up
in-loop mediated processes: | _| 1o:mmHwwlﬁ-?‘ff?]lé?‘T?YR‘T‘ ‘§11“f‘l’[1“(‘7“T‘eY)‘:
£ o CMS — Observed E
» Consider coupling to N Sgrfvr,el:lgigiw o B for SWH
photons and gluons as bo7E E
effective couplings with 60 E
modifiers ., and kg. 50 E
» Fix all tree level couplings ab E
to SM values. e E
> Additionally allow for N3 R R
undetected decay width 1F 1 — BRgsm
to new particles BRgsuy. 57 T T T
0 0.2 0.4 0.6 0.8 1

Nicholas Wardle
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@ New physics in loops %5

New phySiCS can ShOW up 19.7 " (8 TeV) + 5.1 107 (7 TeV)
. . CMS - 68% CL
in loop-mediated processes: o | Py e | BTeV) + 5.1 (7 Tev)
TP PP iy
Ko — Observed E
» Consider coupling to o T ----Exp.for SMH |]
photons and gluons as . . ] E
effective couplings with “ —— g
modifiers ., and kg. BR s - E
. 0 05 1 15 2 25 —
» Float tree level COU[I)'II’]gSv ) parameter value E
restrict ky <1 4E =
> Additionally allow for 3 ) SM E
: 2 A = —— ]
undetected 'chayB\%Idth ) 1= BRasp -
to new particles BRgsp- i 1
O?H‘Mummmwmummummi
I ANy 0 0.2 0.4 0.6 0.8 1
BRgsp < 0.58 ©@95% CL BRgsu

Nicholas Wardle

17 CMS Higgs Coupling Measurements



s,
@ Generic modifier ratio model Z

19.7 fo (8 TeV) + 5.1 fb* (7 TeV) Most general
CMS (me68% CL | parameterization we have to
Preliminary =95% CL test deviations from the SM:
Kgz —egm— . .
: » Take ratios of coupling
Az —-— modifiers, \ap = Ka/FKp.
Az _.._.__ > Kgz = Kg X Kz/KH.
A, 5 » Allows for additional
5 (invisible) widths from BSM
Az el physics with no additional
A, : assumptions.
: Most significant deviation observed
Mg o x “ ——'—_ “““““““““ driven by excess in ttH channels
0O 05 1 1. 5 2 2. 5 3 35 since ggH coupling is effective in

parameter value this model.

Nicholas Wardle
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4

Higgs combination at CMS:

» Observation in decays to bosons

» Evidence for decays to fermions

[Nat.Phys:10, 557-560 (2014)]
my =125.03 747 T

1= 1.00 % 0.09(stat) 598 (theo) £0.07(sys)

(stat) (sys) GeV
Excess over SM seen in ttH largely
from one channel.

Several tests of compatibility show
no significant deviations from the
SM in Run-1.

Still a long way from desired O(1%)
uncertainties.

Many more talks on this Higgs boson
and others which we haven’t seen
(yet?) this week...

Nicholas Wardle
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Summary

0
<
&

10 19.7 b (8 TeV) + 5.1 1" (7 TeV)
T T
~—— Combined
of CMS —H "
Preliminary v tagae
8 — H - ZZtag . )
Hoyy+H- 2z — 19.7fb” (8 TeV) + 5.1 b (7 TeV)
W, (QgHH), o =125 GeV
7 W (VBFVH) H - bb (Vi tag) | CMS - e
6 ' H . bb (uH tag) | Preliminary_gl™
H - yy (untagged) -+
S H — yy (VBF tag) S
aE H — yy (VH tag) ———
H— yy (ttH tag) .-
3| H ~ WW (0/1 jet) -
H - WW (VBF tag) m|
2| H ~ WW (VH tag) ——
H — WW (ttH tag) —
10.7 7 (8 TeV) + 516 (7 H ~ Tt (0/1 jet) -
H - Tt (VBF tag) -+
g’gﬂﬁinar H - Tt (VH tag) ——
Ky Y H - 1t (ttH tag)
H - ZZ (071 jet) -
K —— H - 22 2jets) U S
4 2 2 2
Az —— Best fit o/og,,
N S,
a —
VIS
Mg — sliminary ¢
Kg - - —_—
~68% CL
KY —
-95% CL
BRusull=— ) ) -SM Higgs 4
[ 05 1 15 2 25
parameter value
T
102 meft |5
= 68% CL
—95% CL
Il I L
1 2345 10 20 100 200
mass (GeV)
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Thanks for your attention!

Nicholas Wardle
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BACKUP SLIDES

Nicholas Wardle
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@ The CMS Detector %

Nicholas Wardle
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EM Calorimeter
Lead tungstate (PbWO4 ) crystals
61 200 (EB) / 7 324 (EE)

Tracker
Pixel + Silicon strip
~50% of Photons convert

Ego =21.45 GeV Hadron Calorimeter

Scintillating Brass A
Exploit jets from VBF
production

Egc=11.92 GeV

CMS Higgs Coupling Measurements
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CMS Data Taking

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

- 25 25
=} = 2010, 7 TeV, 44.2 ph ' === 2011, 7 TeV, 6.1 M ' === 2012, 8TeV,23.3M '
.‘? 20 20
v
o
£
£ 15 15
3
-
°
2 10 10
©
=
o
]
£
z 5 x 100 5
©
o
o
L J
0 [}

Wt W

W 34 o 0 o< o 0 e
43 4% 49 4 4 5% 4 ©f N N 45° 49

Higgs Coupling Measure



@ SM Production %5

Feb 2014 CMS Preliminary
—
-8_ § 7 TeV CMS measurement (L < 5.0 fb™)
‘g‘ 105 - $ 8 TeV CMS measurement (L < 19.6 fb™)
- — 7 TeV Theory prediction
= njet@ — 8 TeV Theory prediction
O 10%E*° Z -
= >n jet(s) CMS 95%CL limit
3] 5
(] 2
9 10° s
%) [ -
S . — o
o 10°F . » T
B
c
g e
2 1 =3
o “Z f
-t L
3
1 i
10 -
Twlz IWVIZy Tow Tz T2z Imlsx}"lwvvl tt Igmlwv I‘mluv [ IggHIXqBSIVHInHI

Th. Ac,,in exp. A




CMS

Channels in the Combination

Tuminosity (/5]

Decay tag and production tag Expected signal composition 0, /g

H = 77 [20], Section 2.1

Untagged 76-93% gt 0s21% 4 5
2jet VBE 50-60% VBE wim 2 3
P Leptonic VH  ~95% VH (WH/ZH ~ 5) e 2 2
Epe Vi 70-80% VH (WH/ZH = 1) %1 1
2jet Vi 6% VE (WH/ 25~ 5) 1w 1 1
Leptonic i1 " e, 1
Multjet i1 S0 i 1% :
H—ZZ"*) — 4£[18], Section 2.2 51 197
ap, 2620, 4e (Z)l;'., iz%w; N VH 13,18,22% ; :
H— WW( = fvév [17], Section 2.3 49 194
Ojet w2 2
et w2 2
et p e 24jet VBF 2 2
2jet VL P
3BvWH SF-S5, 505 ~I00% WL, up o 20% o FR
it i zat e, cep, o, e <100 ZE C—
H — 7719, Section 24 49 197
Ojet wae & 4
en et s s s
2et VBE B 2 4
- Tt o1z B
W 2-jet VBF % 1
et <98 g, 23-30% WW a7 2
o et 75-60% ggH, 31-38% WW sawn 2 2
2et VBE 75-94% VBE, 37-45% WW w1 2
0 5% gl Fa—
e 4-78% ggH, ~17% WW * PR
Y% VBF, ~45% ggH, 17-24%WW* 2 2
@+LUzH ~15% (70%) WW for LL' = 5, (ch) s 5
L4 1, WH ~96% VH, ZH/WH ~ 0.1 : 2
£ b Wi 75/ WH ~ 5%, 9-11% WW >
'VH with H — bb [16], Section 2.5 51 189
W(e)bb pa(V) bins ~100% VH,96-98% Wi PR
W(nw)bb 93% WH i 1
2(ttyon paV) bins ~100% 218 PR
Z(vv)ob (V) bins ~100% VH, 62-76% ZH 2 3
i with H — hadrons 14, 28], Section 26 50 193
o fleptonsjets  ~90% bb but =24% WW in 261+ 2 77
i ilepton 45-85% bb, 8-35% WW, é-14% 2 s
Ho Wieptonsjets  65-80% T, 13-22% WW, 5-13% bb B
i with H - leptons [29] Section 2.6 196
2085 WW/rra3 i
WW/rr =3 E 2
i WWirriZZa3:2i1 !
’ ervable

Nicholas Wardle
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§

CMs, /|
@ H — ~~ - H— ZZ my Compatibility 22

19.7 o (8 TeV) + 5.1 b (7 TeV) 10 19.7 b1 (8 TeV) + 5.1 ™ (7 TeV)

s RN _ i prrrrr e L
brn [ CMS + Combined £ o CMS H-vyy+ I:n;. Y4 E
B 2.0l Preliminary + H - yytagged g f Preliminary My H, (0OHLEH), E
“IHoyy+H-ZZ | + H-2Ztagged o~ 8F H,(VBEVH) E

i ] 75 .

15 b 6F E

r 1 5 E

Lor 1 4t E

: : o

051 7 2 /

N ] 1 ]

0O v L] B [T \Mm “““ 3
'?23 124 125 126 127 -%.5 -2 -1.5 -1 -0.5 0

m,, (GeV) my - m¥ (GeV)

Nicholas Wardle
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@ my Measurement %5

Systematics/Statistics

10 1971 G Tev) + 511" (7 Tev
1 10T L L 3
c 97 CMS — stat. +syst ]
I Preliminary ---stat. only
N 8 H_yy+H- 2z . ]
TE B (00HER), ; E » mH=77 = 124.7 £ 0.31 (stat)
E |.1 (VBFVH) ' 3
6F . E +0.15 (sys) GeV
50 | ; E » mH=%Z = 125.6 + 0.4 (stat)
4= \ ; = +0.2 (sys) GeV
s L E > my = 125.03 7328 (stat) 7033
2- L E (sys) GeV
1F — A
R S U TR T T
m, (GeV)

Nicholas Wardle
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@ Production Modes by Tags %‘

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

Combined CMS m, =125 GeV
u=100£013| Preliminary

Untagged _.I_

» Higgs production by Tags Ho 087018
» Tags are not 100% pure in production VBF tagged

prOCeSS u=114£0.27
» ttH here is not the same as in separate VH tagged

H H u=0.89£0.38

ttH combination [JHEP 09(2014)087]
ttH tagged
u=276+0099 &
0\ 1 ol

3 4
Best fit 0/,

Nicholas Wardle
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CMS /|
@ Vector Boson vs Gluon Fusion Z

Production
e b 19TMIETEV) 517 Tey)
Compare fermion and > L CMS + H - ttagged
vector boson based S | preliminary + H- WWwitagged |
production modes = L # H . 77 tagged

H - bb tagged
4 H - yytagged

» Tagged sub-channels L
provide separation of -
these modes 2

» Combine fermion

(NF = ,UggH,ttH) and L
vector boson 0

(tv = pvBr,vH) i

SM inside 1o contours 1 0 1 5 3

Nicholas Wardle
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CMS /|
A Production Modes by Process Z

Numerical values

The best-it results for independent signal strengths corresponding to the four main production processes,

ggH, VBF, VH, and ttH; the expected sensitivities and observed significances with respect to background-

only hypothesis (4 = 0), and the pull of the observation with respect to the SM hypothesis (4 = 1). These
results assume that the relative values of the branching fractions are those predicted by the SM.

Parameter Best fit result (68% Observed Expected Pull to SM
CL) significance (5) sensitivity (o) hypothesis (o)
for full
combination
HggH 0.85*9:13 85 75 0.8
HVBF 1154037 36 3.3 04
HVH 1.00%540 27 27 0.0
. 29310 35 1.2 21

Nicholas Wardle
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@ 5 Parameter (M,¢) fit %3

19.7 fo (8 TeV) + 5.1 f6 (7 TeV)
w 037 \\\\\\\\\ [TTrTTTTTT [TTrTTTTTT [TTITTTTTT [TTITTTTTT l
r CMS ]
O.ZEPFEHTEQ%{ .................. J
0.1},.. ///'__\\\\\ ................. {
Lo/ >~ g
00k '\ NG
. : ...... \\\ \1
: \ ___________ 4
0.1 e i
0.2 .
_0.37 \\\\\\\\\ [T [T [T [T 1
200 220 240 260 280 300
M (GeV)

Nicholas Wardle
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4

CMS

Generic Search for Deviations

10 19.7 o™ (8 TeV) + 5.1 b (7 TeV) 10 19.7 o™ (8 TeV) + 5.1 b (7 TeV) 10 19.7 fb™ (8 TeV) + 5.1 b (7 TeV)
- T T - T T - T T
£ giCMS £ giCMS £ giCMS
Q Preliminary Q Preliminary Q Preliminary
o 8Ky, Ky Ky, Ky, K, Ky o 8Ky, Ky Ky, Ky, K, Ky o 8Ky, Kg, Ky, Kp, K, K,
"o \ K i E "o K b E "o N F
6 Y V a E 6 6 g
5E E 5E E 5E
4 E| 1 E| 4
3 E 3 E 3 E
2- E 28 E 2 E
o I I o I I | o I
0 0.5 15 2 0 1 15 2 25 0 15 2
Ky Ky Kg
10 19.7 b (8 TeV) + 5.1 fb’ (7 TeV) 10 19.7 b (8 TeV) + 5.1 b’ (7 TeV) 10 19.7 b (8 TeV) + 5.1 fb’ (7 TeV)
— T T — T — T T
£ o:CMS £ o:CMS £ o:CMS
Q Preliminary Q Preliminary Q Preliminary
N BEKy, Kg, Ky, Ky, Kp, Ky N BEKy, Kg Ky, Ky, Kp, Ky N BEKy, Ko Ky, Ky, Kp, Ky
"o [y FE "o E toE } E
L / ! ~
o | T E 6 E 6 R / 4 E
5¢ i / E 5c E 5¢ : / E
aF E| aF E| aF )i E|
3t E 3t E 3t E
28 E 2b E 2k E
: ‘ : S INAT
0 15 2 0 3 0 0.5 1 15 2
Ky K, Ky

Nicholas Wardle
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@ New Physics in Loops %

197fb 8 TeV)+ 51fb (7 TeV)
> 2.0 IS AL LA A0 B LIS LA

1.8- CMS E

F Preliminary ]
1.6k VK, BR 4

Nicholas Wardle
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@ Measurements %;

oevevevegt g g H VH

I > A low mass Higgs boson provides a rich
e el g environment for measuring properties.

» Uniform statistical treatment for all
higgs-channels.

» Test-statistic for measurements is ratio
of profiled likelihoods

LHE HIGGS XS W 2010

L(obs |s(a) +b, ,)
L(obs|s(a) +b, 8)’

Branching ratios

g(a)= -21In

» 68% confidence intervals interpreted

10° %00 200 300 500 1000 from {a: g(a) < 1}
My [GeV]
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2 Couplings Summary

Model Best-fit result Comment
Table in . N
Parameters Ref. [27] Parameter 68% CL  95%CL
Awz = Kkw/Kz
Kz, Awz (k¢ =1) - Awz 0947522 [0.61,1.45] Sjilx.; Z\fr ‘a;ah ,
et channels.
m +0.14 Awz = K /xz from
rzhwzs o Awz O8I [0701.22] E MY
+0.07 xy scales couplings
Ky, K (;‘;) *v 101gg [088115] 4y and Z bosons.
+0.14 x¢ scales couplings
Kt 089757, [0.641.16] to all fermions.
o 8 Ky 0.897010 [0.69,1.10]  Effective couplings to
557 (lop) Ky 1.157)7; [0.89,1.42] gluons (g) and photons (7).
Ry BRew % BRear <013 [0.00032) f;;’g;n“g:c‘:;:""
% Adu = Ku/%q, relating
v, Adu, Ku (on) Adu 101753 [0.66,1.43] ;prtyfpe and down-type
ermions.
47 +0.22 Agq = x;/%q, relating
A Ka e Asg 102353 [o61,1.49] ;mm o quark,
s 076701 [051,1.09]
N Xy 09901 [0.66,1.37]
BT Similarto Ky 09701 [0.64,1.26]
L)) Kb 0.6770% [0.00,131] Down-type quarks (viab).
br e T Ke 0.83707, [0.48,1.22] Charged leptons (via 7).
Kt 161703 [0.97,2.28] Up-type quarks (via t).
as above
plus BRygy - BRgsum <034 [0.00,0.58]
andxy <1
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