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@ Standard Model Higgs searches at CMS
Low mass: H — vy, H — 77, (H — bb)
Intermediate and high mass: H - WW — 2[2v, H — ZZ — 4,
(H— ZZ — 2121, H— ZZ — 2129, H — ZZ — 2/2u)

@® Combination of Higgs searches (CMS and ATLAS+CMS)
Statistical combination procedure
Combination with ATLAS
Overview of theory uncertainties

© Non Standard Model Higgses
MSSM A h — 77
Charged Higgses
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LHC has been running steadily in 2011: pp collisions at /7 TeV

o Delivered 5.7 fb~! of data, CMS recorded 5.2 fh~*
85 — 90 % of this data is good for physics

e Report here on public Higgs results with 1.0 — 1.7 fb™! (Summer 2011)

6 CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC) 6 COI I Isions p er crossin g (o n avera ge)

— Delivered 5.72 fb™'

—— Recorded 5.20 fb™'

~  * 50ns bunch spacing,
] . -
peak luminosity: 2 x 1033 cm =251

e ~ 15 collisions in the later data
(Lpeak = 3.5 x 103 ecm=2s71)

e tough high-pileup conditions

_ _ — improved trigger, reconstruction

W s g w,ﬂ; w°"; ey and developed dedicated methods
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e Cross-sections, branching-ratios, pseudo-observables and related errors
studied /compiled by Higgs Cross Section WG (Atlas-CMS-Theory)

\s=7TeV
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e Cross-sections, branching-ratios, pseudo-observables and related errors
studied/compiled by Higgs Cross Section WG (Atlas-CMS-Theory)
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e Higgs o0 x BR tiny compared to QCD and EWK processes:
o(W +j) ~ 28000, o(Z +j) ~ 2800, o(tt) ~ 165, o(WW) ~ 43
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Searched for SM Higgs in 8 decays modes:
e signatures with isolated leptons or photons in the final states;
e also MET, jets, b-tagging and 7-1D

mass range | [Ldt

channel (Gev/c?) | (1) reference

H— vy 110 — 150 1.7 | CMS-PAS-HIG-11-021
H— 7t~ 110 — 140 1.6 | CMS-PAS-HIG-11-020

H — bb 110 — 135 11 CMS-PAS-HIG-11-012

H— WW® — Julv | 110 — 600 15 CMS-PAS-HIG-11-014
H— zZ&) — i 110 — 600 1.7 CMS-PAS-HIG-11-015
H— ZZ® — jilr | 180 — 600 1.1 | CMS-PAS-HIG-11-013
H— ZZ®) — Jlyv | 250 — 600 1.6 | CMS-PAS-HIG-11-016
H— 27" — llgg | 225 — 600 1.6 | CMS-PAS-HIG-11-017

— On-going analyses with ~ 5fb~! (not presented here)
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2 isolated, high-pt photons forming a narrow peak v

e very small branching fraction O(107%) S
but sensitive thanks to excellent performance of ECAL a (W)

Backgrounds: prompt QCD photons, fakes from jets,

irreducible backgrounds reducible backgrounds
v q g v 7
K T e T
O(asa O(asa ) O(asa) O(asa) O(a%a)
theory uncertainty ~ 25% theory uncertainty ~ 30%

Unbinned analysis based on m,.:

e narrow signal peak; width is resolution-dominated (3-8 GeV/c?)

e correction to photon efficiency, energy scale, energy resolution from
7 — e"e  data events and MC smeared to match data resolution
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e Analysis with 8 categories of varying mass resolution:
e p}' >40GeV/c (or not)
e 1,: both photons in barrel (or not)
e conversion probability: both photons likely non-converted (or not)

All categories merged

ECAL barrel, ECAL endcap,
—400F —
L [CMspeimnay 4 pae unconverted pr > 40 1-converted pr > 40
%350 :,\/§=7TeVL=1.66fb ——
E +2 — F,
8 300 ?AII Categories Combined == staM m,=120 GeV N§ 30 ?MS_’p;Z\\v/mlln:rly.% - = gf;aModel N§ 30f-cms prehmmary + Daa
- 3 25F EY 3
; 250 8 e, ot poss  —e— S m =120 Gev 9
< E < 20 g
9200 2 2
w S 15 e
150F & \ &
F 10
100F } MHL
C 5 qm
sop N ‘ ‘
C e T
£ . i A X X | X X X EUO 120 140 160 ?00 120 140 160
oo 120 140 160 m, (GeVic?) m,, (GeV/c)

m,, (GeV/c?)
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e Compute 95% C.L. upper limits on UH/Uf,M versus mpy

s 20
< " - CMS preliminaty Observed CLs Limit

> Ns=7TeVLi=1661b"
:E A R B T Observed Bayesian Limit
L 16
24 S R TR Median Expected CLs Limit

Q 14

Ai = - + 1o Expected CLs

> 12

> +20E ted CL.

N C] G Expecte: s
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e Analysis also excludes fermiophobic Higgs in range 110 — 112 GeV
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Studied channels with 7 decaying into p, e and hadrons:

e Separate cleaner vector boson fusion topologies with:
e 2 jets, pr > 30GeV, M > 350 GeV

Te Th '

TuThy TeTu

o |An; > 3.5, m xn2 <0

107

Events

10°

10°

: . : » 25 : . :
CMS Preliminary e CMS Preliminary
1.6 b7 \Vs=7 TeV g 1.6 b7 \Vs=7 TeV
w20 «Th —
({0 H>tmet20] o Li (10x) Ho>tt m=120
—e— Observed —e— Observed
Ozt 15[ Cd 2zt 2
[y [y
[ Electroweak [ Electroweak
1ob Jacp 3
sp VBF |
0 I —t+—]
100 200 300 0 100 200 300
m, [Gev] m, [GeV]

e Boosted visible 7-decay products and v tend to be collinear:
o apply topological cut based on p’t and Efiss
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Backgrounds:

e dominant irreducible background Z — 77: shape from MC,
normalization from Z — [T/~ measurement and fit of my;s

o W /Z+jets, QCD, tt, WW /ZZ: estimated from control samples

=45 —— T ,
PN CMS Preliminary  } i i vis .
© aof CMS Dreliminary. 3 Binned analysis based on m’”:
° f 95% CL Limit
5 3 e e ] e computed from measured momenta
a sof = Eopecets 1] f
n expecteat-ig 3
0 %0 i P of e, u, Thag (no v recovery)
S 25F
Ie)} F
20f
15F . .
°F Working on adding 7,7, channel:
10
s ; e errors mostly statistically dominated
DT~  — presentation of A. Bethani (yesterday)
m, [GeV]
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W,
o Scalar Higgs: small opening angle Ag(IT,17) G G .
w
e Large MET (missing v's from W) “
e signal extracted from event counts (no mass peak) G/I'
~

Classification in categories with 0, 1 or 2 jets
« exploit differences in production mechanisms (such as VBF)
e 5 categories: 0 and 1 jet splitted in same/different lepton-flavour groups

Controled reduction of background crucial to the analysis:

QCD and W + J: require lepton p1 > 10 GeV, tight ID and isolation
Drell-Yann: strongly reduced with MET cut; veto Z — upu/ee

top backgrounds: apply jet-veto (in particular on b-jets)

pp — WW continuum: irreducible; use kinematic discrimination

estimated with data-driven techniques;
o except WW at high my and WZ/ZZ: taken from MC

Optimizations, dependant on my: My, Agy, p't, p'2, M+ (Il, MET)
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Main

entries / 5 GeV/c?

entries / 5 degrees

kinematic observables: M; and A¢(/", /) for 0, 1, 2-jets events

T T T o T T T N, 30F g
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95% CL Limit ono/ag,

i
1)

Event counts at 140 GeV

process | 0-j ee, ppt | 0-j ep | 1-j ee, pp | 1-j ep | 2-j
backgrounds 44.0+6.2 40.6 £7.0 17.8 £3.5 12.6 £3.7 53+ 1.7
Higgs 19.1 £4.3 16.1 £ 3.6 7.7+£26 53+1.8 2.5+ 0.3
data 46 41 23 23 7
H — WW — 212y + 0/1/2 jets (CLSs)
o= 95% CL exclusion: median
[ 95% CL exclusion: 68% band
8 95% CL exclusion: 95% band
—=— observed
7
6

Higgs excluded at 95% CL
in range 147 — 194 GeV

w N o
RN AR LN LA LN LRRR N LR AR R

BN

h . L
160 180 200 220 240 260 280 3020
Higgs mass, mH [GeV/c?]

P T
120 140

2
8[

e Currently working on an improved analysis using MVA discrimination
e See also presentation of Ch. Hackstein on theory uncertainties

Grégory Schott (KIT) Overview of Higgs Boson Searches in CMS 8 Dec. 2011 14 / 54



Golden channel: fully reconstructed event, my resolution 2 — 4 GeV

e Selections:

Zi: pPin > 10, pTa > 20, 60 < My < 120 GeV
Z>: 20 < My < 120GeV/c?

My > 120 GeV/c?

impact parameter significance > 4

e mainly pp — ZZ™) irreducible background after
selection (shape taken from MC; rate from Z yield
in data and theory predictions for 0z77/07)

Cut | o 1 Zjels Zbb/ee Zy WZ 727y = 200GeV/ | Total |  Data
Trigger 153x10°  218x10°  482x10°  224x10°  264x10° 221 498 10.2 (8.7220.04) % 10° 872 10°
7, 107108 151103 443%105  205x10°  235%10% 184 433 9.29 (6.65+0.01)x 10° 68210
Zy+f 346 748 1.05x10% 804 123 512 139 3.20 (2.1620.04) x 10° 252x%10%
Zy+ it 0 0.96 029 0.89 029 0063 521 148 77405 12
Isolation 0 0 0 015 029 0027 485 131 5314026 5
jid 0 0 0 0 0.29 0009 448 121 4774021 5
Kinematics 0 0 0 0 0.14 0009 404 120 4.1920.16 5
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Results of the shape-based analysis

21 observed events (as expected)

CMS Preliminary 2011 \Vs=7TeV L=1.661b"
[ T R A T A O Y B R A B

DATA
W zviets
Bz

[ m,=350 Gevic?
[ =200 Gevie?
. m,=140 GeV/c*]

Events/10 GeV/c?
a1

=

L B L N L B i

?.00 200 300 400 500 600
M, [GeV/c?]

6 events below the on-shell ZZ kinematic
threshold (2.8 = 0.2 events expected)

s CMS preliminary 2011 1.66 fb” at\'s =7 TeV.
T T

\Dw 15~ CL, Observed Limit
=2 | N CL Expected Limit b
S [ CLyExpected= 1o ]
= [ Gl Expected = 20 ]
E oo ]
- o
o |
2 ]
Yol
(=2

5

I i I L
(1\'00 200 300 400 500 600
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Also interpretation in framework of
fourth-fermion family (SM4):
excluded in 110 — 112 GeV range
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H — bb H— zZ®) — 2/2v
e important for Higgs couplings e 2 sub-channels: 2e2v and 2u2v
e associated production with W /Z e mpy-dependant cuts on E7’1’i55, mr
o 5 final states: W(uv)H(bb), and AG(EF™, jet)
W (ev)H(bb), Z(up)H(bb), e Z+jets background estimated
Z(ee)H(bb), Z(vv)H(bb) from ~y+jets in data
H— zZ®) = 2027 H— zZ%) — 2iqg
e 8 final states: Z(/l) + ThadThad, e categories based on lepton flavour
Z(I) + eThad, Z(II) + 1Thad, and number of b-tagged jets
Z(II) + ep (Il = ee or pp) o search for a peak in mypq
e broad signal peak e use Higgs angular distribution
¢ data-driven QCD estimation e quark-jet/gluon-jet discriminator
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Simplified overview of typical values:

Systematic Uncertainties

Higgs boson decay channels (mass in GeV/c?)

ww zZZ
source type ” b TT vty | et tert llvv llgq
(120) (120) | (120) | (150) | (200) (400) (400) (400)
luminosity Tumi 4.5%
trigger I 2% 2% 1% 2% 1%
efficiencies e 2% 2% 1% 1% 1%
v 1%
Eypiss 2%
reconstruction I 4% 1% 3% 3% 2% 2% 1%
efficiencies e 4% 2% 4% 3% 6% 2% 2%
5 1-3%
Thad 6% 10%
b-tag 20% 20%
pr scale m 2% 1% 1% 2% 1%
(event yield) e 2% 2% 2% 5% 2%
jets/ Episs 2% 4% | 2-10% 2%  0.2%
pr scale m 0.3%
(shape) e 0.3%
5 0.1-0.3%
Thad 3%
pr resolution | jets/Ep's 10%
(event yield)
jets/ Expiss 2% 4% | 2-10% 2%  0.2%
pr resolution m 10%
(shape) e 10%
v 20%

correlated

uncorrelated

e A table of theory-related systematics will follow in a few slides
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@ Standard Model Higgs searches at CMS
Low mass: H — vy, H — 77, (H — bb)
Intermediate and high mass: H - WW — 2[2v, H — ZZ — 4,
(H— ZZ — 2121, H— ZZ — 2129, H — ZZ — 2/2u)

@® Combination of Higgs searches (CMS and ATLAS+CMS)
Statistical combination procedure
Combination with ATLAS
Overview of theory uncertainties

© Non Standard Model Higgses
MSSM A h — 77
Charged Higgses
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Convergence on statistical procedure and on correlated systematics with
ATLAS (LHC Higgs Combination Group)

e Upper limits on u = o/osy in a modified-frequentist approach:
e MC sampling of the test statistic g, for B-only and S + B hypotheses

gy = —2In L(data; /AL-, (2;1) 0<p<p) e different from LEP and Tevatron
L(data; 1,0,,) e has good asymptotic behaviour

e nuisance parameters profiled in g, (toys generated around éu)

e uncertainties modeled with log-normal pdfs (probability density functions)
e compare the p-values to the value of g, in data and compute ratio:

L :
Cls = CLsg _ Pu

= ® protects against downward fluctuations
Clg 1—po of background

e vary hypothesis (value of 1 tested) until reach exclusion with CLs < 0.05
e Correlations seriously taken into account in the combination

— Combination and statistical analysis with the RooStats software package
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p-value: probability of an excess from
the B-only hypothesis at least as large

i
o

95% CL limit on o/ag,,

[N

R Tty ou
Higgs boson mass (GeV/c?)

Expectation: SM exclusion range
130 — 440 GeV (median o/osm < 1)

Data: 95% CL exclusions in ranges:
145 — 216,226 — 288,310 — 400 GeV

Grégory Schott (KIT)

Local p-value

Overview of Higgs Boson Searches in CMS

[ CM5 Preliminary, s = 7 Tev e Observed ] b.
Combined, L, = 1117 fo* £ Copenens 10 as the one observed. Z = /qg>®
——————— Expected + 20 = . . .
e the combination is not the

product of individual p-values!

1g T 5
10" E
E Jeo
10? 5
s CMS Preliminary, \'s = 7 Tev -|30
10° Compied "
10* Interpretation requires look- i =4 fo)
Isewhere effect correction H- 2z - 2129 %1-6"1:
. N H 1.6 fby 40
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

e taking into account the look-

elsewhere effect: pglc’ba/ ~ 0.4
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Combination of:
o CMS: CMS-PAS-HIG-11-022 + update of H — 777~ analysis
e ATLAS: ATL-CONF-2011-135 + update of H — ZZ — 2/2v analysis

e 67 signal sub-channels (varies with my)
e nuisance parameters: 268 (my < 135) or 191 (my > 250)

95% CL limit on o/cg,,

—
o

-1 n n PR Pt PR
0400 200

ATLAS + CMS Preliminary,\'s = 7 TeV | —— Observed
L, = 1.0-2.3 fb /experiment B Expectedt 1o

-

Grégory Schott (KIT)

400 500 600
Higgs boson mass (GeV/c?)
Overview of Higgs Boson Searches in CMS 8 Dec. 2011 22 / 54

SM Higgs exclusion ranges:
95% CL upper limits below r = 1:

o expected: 124 — 520 GeV/c?
o observed: 141 — 476 GeV/c?



Combination of:

o CMS: CMS-PAS-HIG-11-022 + update of H — 777~ analysis
e ATLAS: ATL-CONF-2011-135 + update of H — ZZ — 2/2v analysis

e 67 signal sub-channels (varies with my)
e nuisance parameters: 268 (my < 135) or 191 (my > 250)

3 ATLAS + CMS Preliminary, \s = 7 TeV | —— Observed
% L, = 1.0-2.3 fo /experiment [ Expected+ 1o
c 10 A s Expected + 26
S ‘%‘\\s\ LEP excluded
c N ~:| [T Tevatron excluded . .
= S 1 LHC excluded SM Higgs exclusion ranges:
S ‘ 95% CL upper limits below r = 1:
ro N
o N [
B ¥ IR WA .|
X o expected: 124 — 520 GeV/c?
I N
2
N\ ° . —
o AERIIMIMNTIININ observed: 141 — 476 GeV /c
100 200 300 400 500 600

Higgs boson mass (GeV/c?)
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Theory-related uncertainties:
e for Higgs: provided by LHC Higgs Cross Section and PDF4LHC groups

e for SM backgrounds: calculated separately by ATLAS and CMS (taking
into account analysis-specific acceptances)

e associated with partonic luminosities, or PDFs, and ag
e associated with missing higher-order theory corrections

e assessed by varying QCD renormalisation and hadronisation scales
e assumed uncorrelated among processes; except for those with W /Z
(eg. pp — WH and pp — ZH)

e on branching ratios: assumed mostly negligible
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e on acceptance of analysis cuts (QCD scales and PDFs) assumed
negligible (in comparision to oota/)
e except for exclusive production modes with 0, 1 and 2 jets
o H — WW acceptance uncertainty small but included
e further possible W/ modeling uncertainties (Drell-Yan, W+~ with
asymmetric «y conversion, etc.): not considered at present

e jets-splitting in H — WW analysis makes it sensitive to underlying event
and parton showering modelling

e signal simulated with POWHEG/PYTHIA in both experiments
—correlated

e probability of a loosely defined lepton faking a lepton passing the final
high quality selection assessed with same methods

o difference between W-associated jets and generic di-jet and ~-jet
—correlated
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Source Affected Processes Typical uncertainty
PDFs+a;, 99— H,ttH, g9 — VV +8%

(cross sections) | VBF H, VH, VVGNLO +4%
Higher-order | total inclusive gg — H t%r‘;k”
uncertainties | inclusive “gg” — H + > 1 jets +20%

on cross inclusive “gg” — H + > 2 jets +20% (NLO), £70% (LO)
sections VBF H +1%
associated VH +1%
ttH i
uncertainties specific to high mass Higgs boson, see Section 2.1 +30%
14 +1%
VV up to NLO +5%
99— VV +30%
tt, incl. single top productions for simplicity +6%
acceptance acceptance for H — WW — (vlv events +2%
phenomenology | modelling of underlying event and parton showering +10%
fake lepton probability (W + jets — £6/7%¢) +40%

luminosities ATLAS and CMS uncertainties on their luminosity measurements +3.7% , £4.5%

Each uncertainty source is usually correlated among affected channels:

e but the size of an uncertainty may still vary from one channel to another

e some effects, even if mostly uncorrelated, are assumed 100% correlated

(simplification) — limits are then slightly more conservative

Grégory Schott (KIT) Overview of Higgs Boson Searches in CMS
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Combined limits with and without theoretical systematic uncertainties:

e at this stage: differences of 3 — 6% except for the very high mass range:
~ 20% at 600 GeV/c? (from oy and my shape)

102 - - -
& [ ATLAS+CMS Preliminary, \s = 7 TeV
B [ Ly =1023bexper : :
g [ bw=1023 fbjexperiment Choice of data-driven
o L ——gbserve )
£ - Expecte methods to constrain
£ 1o B=loc _
o VF Ox2¢ uncertainties: how much
(@) £ — Observed w/o TH sys . . .
® [ - Expected w/o TH sys data-driven” are they?
83 L
1E Theory uncertainties will
B relatively play a bigger role
i as statistics will increase!
107 - - S
100 200 300 400 500 600

Higgs boson mass (GeV/c?)
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@ Standard Model Higgs searches at CMS
Low mass: H — vy, H — 77, (H — bb)
Intermediate and high mass: H - WW — 2[2v, H — ZZ — 4,
(H— ZZ — 2121, H— ZZ — 2129, H — ZZ — 2/2u)

@® Combination of Higgs searches (CMS and ATLAS+CMS)
Statistical combination procedure
Combination with ATLAS
Overview of theory uncertainties

© Non Standard Model Higgses
MSSM A h — 77
Charged Higgses
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5 Higgs bosons expected in MSSM:
e 3 neutral (h, H: CP-even; A: CP-odd) and 2 charged (H, H™)

b

h/H/A
1.6 bt \s=7 Tev

95% CL Limits

—e— Observed
—— Expected

° -;“’ Sa”g ] e B category: > 1 b-jet with
E -0 ban E .
; E pr > 20GeV/c; < 2 jets
with pr > 30GeV/c

F CMS Preliminary

b

i
T

e non-B category: 0 b-jet with
00500 300 400500 pT >20GeV/c; <2 jets
m, [GeV] with pr > 30GeV/c

95% CL Limit on o x BR(@-T11) [pb]

=
1S}
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Cross-section limits translated into (tan 5 — ma) constraints
 Production cross section increases with tan 32

e Stringent new bounds in the MSSM parameter space

CMS Preliminary 2011 1.6 fb*

95% CL excluded regions

[ cMs observed
------ +10 theory
-~ CMS expected
N Do 7.3fb*

[ LeP
MSSM m;" scenario, M
0

=1TeV
susy
150 200

250 300 350 400
m, [GeV]
Grégory Schott (KIT)
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o
w

(t= bH")
et
N

L e e

95% CL limit for BR

Search for HY — 7t in:
tt — H*W~=bb — 7v,lv;bb

\Ns=7TeV 1.1fb" CMS Prelimina

I t—H', H' v —8- Observed
[ Hadr.+it vey final states

[ BRH v} = 1 «M- Expected median
r [] Expected median £1 6

[ Expected median £2 6

Tevatron limit
0.15—-0.2

ol b b b by

Grégory Schott (KIT)

80 90 100110 120130140150 160
m,; (GeVic?)

Also search for an exotic doubly-

ava)

CMS Preliminary
BR(®"'— e'e")=100%
BR(®"' - e'u')=100%
BR(®"'— pu°u')=100%
BR(®''— €°')=100%
BR(®''— 1"1')=100%
BR(®"'— 1'1")=100%
BP1: normal hierarchy

BP2: inverse hierachy

BP3: degenerate masses

BP4: equal branchings

Overview of Higgs Boson Searches in CMS

charged Higgs (related to m, in type Il
see-saw models)

v
B Excluded by r.][mm orLep

o+ cMs v | L=36 pb"

L=098 "
+
+
*
¢
+
¢
*
+
+

200 250 300 3
Lower limit on mass of &** [GeV]
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With the first inverse femtobarns a very rich program opened up:

e CMS physics results available at:
https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResults

Detailled selection of early CMS SM Higgs results:
o wide 95% exclusion range(s) disfavouring a high-mass Higgs
e excess at low mass requires further studies and increased statistics

e recent combination of ATLAS-CMS analyses
— hardest region to reach at low mass; every channel counts

Also searched for the Higgs beyond Standard Model:
e constraints on MSSM Higgs, fermiophobic Higgs and 4" generation

Larger dataset already available:

e their analysis is on-going; will allow to improve our Higgs constraints
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One free parameter in the SM Higgs sector: can choose it as my

Indirect constraints: Higgs present in - M =101 Gk
virtual loops (of W/Z propagators, ... ): ; ' H

my < 161 GeV /c? at 95% CL * oszrsmomos: (i
http://lepewwg.web.cern.ch/LEPEWWG/ 4 el low QP ; i
Direct searches (yellow regions on plot): g 3 T

e at LEP-2: [PLB 565,61 (2003)]: 2+ :

my > 114.4 GeV /c? at 95% CL

e at Tevatron [arXiv:1107.5518]: Excluded W A
95% CL exclusions in range e 100 300
156 — 177 GeV/c? m,, [GeV]

Report here on first analysis results at CMS/LHC (Summer 2011)
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B CMS P‘rel‘im‘inz‘ir)‘/, \F d 7 TeV

=
o
N

Combined observed

--------- Combined expected
H - bb (11 fb‘i)
H- 1t (1.1 fb')
H-yy (1.7 )
H - Ww (1.5 fbd)

H-2zzZ - 2l2t (1.1 fb’?
H- ZZ - 212q (1.6 fb)
H- ZZ - 212v (1.6 Y

—_—HoZZ -4 (L7Y

=
o

95% CL limit on o/ag,,

100‘ o 200

7300 400 500 600

Higgs boson mass (GeV/c?)
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Channel Experiment | my range | Lumi Number of Type Reference
(GeV/c?) | (fb™!) | sub-channcls of analysis
H s ey ATLAS 110-150 1.1 5 mass shape (unbinned) [82]
k& CMS 110-150 1.7 8 mass shape (unbinned) [91]
H o ATLAS 110-150 11 5 mass shape (binned) [83,84]
i CMS 110 140 | 16 6 mass shape (binned) [14]
H b ATLAS 110 130 1.0 2 mass shape (binned) [85]
CMS 110-135 1.1 5 cutting and counting [92]
ATLAS 110-300 1.7 6 cutting and counting [86]
Ho WW = tvly CMS 110-600 1.5 4 cutting and counting [93]
ATLAS 110 600 | 2.0-2.3 3 mass shape (binned) [88]
H— 22—t CMS 110-600 1.7 3 mass shape (unbinned) [94]
H 22 =200 CMS 180-600 | 1.1 8 mass shape (unbinned) [95]
ATLAS 200 600 2.0 2 my shape (binned) [15,89]
H— 272 =20 CMS 250-600 1.6 2 cut&count [96]
ATLAS 200-600 1.0 2 mass shape (binned) [90]
H— 22 =20 CMS 225-600 1.6 6 mass shape (unbinned) [97]
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Systematic uncertainties Higgs boson decay channels (mass in GeV/c?)
ww zZ
source type 7 bb TT by | €0ee  Llvv  llgq
(120) | (120) | (120) | (150) | (200) (400) (400)
luminosity Tumi 3.7%
reconstruction a 1% 11% | 0.6% | 1.2% 0.7% 0.5%
efficiencies e 1% 3.4% 2% | 1.9% 12% 1.1%
¥ 11%
Thad 8.3%
b-tag 16% 07% 4.9%
pr scale jets/ Episs 2-8% | 16% 6% 14% 13 %
(event yield) e 1% | T53% | 02% | 01%  02%  0.3%
pr resolution m 2% 15% | 0.1% 1%  1.2%
e 1% 0.1% | 0.1% 02% 0.2%
5
Jjets 1% 0.2% 2% 02% 2.2%
Emiss 2% | 04% | 0.6%
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b% ATLAS + CMS Preliminary, \'s = 7 TeV [—a— CL, Observed
® L, = 1.0-2.3 fb Vexperiment [ CL, Expectedt 1o
[ ] e ——————— —————————— CLg Expected + 26
S ---e--- Bayesian Observed
é — Asymptotic CLS Obs.|
: :
@)
X
To]
D

10-1 P R} L v b b P

100 200 300 400 500 600

Higgs boson mass (GeV/c?)

o checked self-consistency of Bayesian and CL; limits at the 10-20% level
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Impact of the Higgs channels individually:

t% 2 A'TL'A3 + CMS P‘rélir‘ni‘néry,'\“‘s‘ -7 TeV "TExpected fimits

3 10 1 E R Combined
s} L, = 1.0-2.3 fb"/experiment N
c
o
£
- 10
(@)
O\o o
o S oo e S P
L L O A S s g
o ..... Ty Y i .

8 5 $ i S
Ll>j 4 .

100 200 300 400 500 600

Higgs boson mass (GeV/c?)
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To quantify an excess use the test statistic: qo =

2| [,(data|0 00) f ~ > 0

£(datalf,0)
_ : _ obs
and qo = 0 otherwise. Z = 4/qg

o 1 ~
2 Ef
S EINRE RS e T 1
a h=bled
g 102 =
<] E
300 ; é3(5

104 |- TLAS + oS Preiminary s -7Tevd, @ |argest excess has a local

E- =1.0-2.3 fb Vexperiment 3 . . ..
10°F Combined E significance of 3.1 (limit less
o[ " R Exp. for SM Higgs boson | s .

19"E LEE corrected max._| —— cus %,  restrictive than in the B-only

107 | significance =1.66 | —=— ATLAS 4 H

- R rewvesvrivemmeemerrery: hypothesis)

e o after estimation of LEE correction
g Z ~ 1.60

ol [

2] Of

_11(;0 2(‘)0 360 4(‘)0 560 600

Higgs boson mass (GeV/c?)
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