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The LHC

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)

0 — Delivered 5.73 fb™! | ! ' 5
Low B (pp) 2
High Luminosi .
h Luminosity - |l I
— Overall data
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14103 29104 14106 20107 14109 2010
Date
LHC 7 TeV pp run for 2011 reached
successful conclusion on 30 October 2011
Low B (pp)
High Lumingsily

Delivering over 5 fb™! integrated lumi
Max instantaneous lumi 3.54 x 10~33cm—2s!

Machine performance better than expected

Somnath Choudhury ( CEA Saclay ) 3



The CMS detector

3.8 T superconducting solenoid
envelop:

SUPERCONDUCTING CVOIL CALORIMETERS

ECAL HCAL

Scintillating Plastic scintillator/brass
PbWO, crystals sandwich

® Inner Tracker (silicon pixel
and strip detectors) |n| < 2.5

e ECAL (PbWO, crystals) IRON YOKE

Barrel |n| < 1.48
Endcap 1.48 < |n| <3.0

e HCAL (brass/scintillator
samplers) TRACKER

Silicon Microstrips
Pixels

Total weight : 12,500 t MUON
¢ MllOtl Chambers - gas Overall diameter : 15 m ENDCAPS
1 1 1 Overall length : 21.6 m MUON BARREL .
ionization detectors embedded Magnetio field - 4 Tesla Drift Tube Resistive Plate  Cathode Strip Chambers (CSC)

Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)

in steel return yoke outside the
solenoid, [n| < 2.4

Drift Tubes, Cathode Strips and
Resistive Plate Chambers
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Physics Objects

2m im 4m 5m &m /m
Key:

Muon

Electron

Charged Hadron (e.g. Pion)

= = = = Neutral Hadron (e.g. Neutron)
----- Photon

Particle - Flow (
technique at CMS

Silicon
Tracker

) Electromagnetic
};i ] ' Calarimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed

Transverse slice with Muon chambers

through CMS

Basic physics objects :

Jet: Cluster in EM and hadronic calorimeters
Muon: Matching tracks in inner tracker and (and inner tracker)

muon chambers . . )
Tau lepton : Narrow jet with matching
Electron: EM cluster with an associated track track(s)

Photon: EM cluster without a matching track MET: p; required to balance all of these
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Part 1: SM Higgs Boson




SM Higgs: Production and Decay

gluon-fusion VBF
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CMS search channels

e 11 independent channels cover the mass range
between 110 - 600 GeV

e gluon fusion, vector boson fusion and associated
production mechanisms exploited

channel mass range (GeV)

Low H - vy 110 - 150
Mass 4 5 11> eri/umh/en + X 110 - 145
Ho 1T uy + X 110 - 140
WH = epth/JuTh + Vv 110 - 140
(W/Z)H - bb 110 - 135
H > WW - fvév 110 - 600
WH = W(WW*) > 303y 110 - 200
H > 2Z- 4¢ 110 - 600

, H = ZZ- 212q (130 - 164) + (200 - 600)
High H > ZZ- 2027 190 - 600
mass H > ZZ-> 202v 250 - 600

Somnath Choudhury ( CEA Saclay ) 8



E,= 86 GeV
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E,= 56 GeV

Signature: Narrow yy mass peak
very good mass resolution 1 - 2%
Two isolated high E; photons
over large smoothly decreasing
background

Small Branching Ratio: ~ 2 x 103
Irreducible: 2 photon QCD
production

Reducible: y + jet with one fake y
DY with electrons faking photons
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Event sample classified into: Inclusive and

VBE: yy with 2 forward jets

Cut-based analysis and Multivariate (MVA)
analysis (recent!)

MVA Inclusive Category => sub-divided on
BDT output values

M,, = 121.9 GeV
M; = 1460 GeV

LOMSExperimant at
Data recor
RunlEvent
Lumi section: 450




Multivariate analysis techniques improve
H — vy search sensitivity
provides more optimal event classification

subdivided according to output value of
a di-photon BDT

=P signal-like kinematic characteristics
with a high score

=P good Yy mass resolution events with
a high score

=P high score from 7y identification
BDT with a high score

=p> it should be yy mass independent

* Di-photon MVA trained to distinguish H — vy
events from background and to identify good

resolution signal events

* Uses BDT method on MC background and

Higgs boson signal events

e Training variables include photon ID,
kinematics, right vertex probability and estimate
mass resolution

e good resolution as desired feature weighting
signal events by 1/estimate mass resolution

e MVA output used to make 5 categories with
different S/B

Inclusive & Separate dijet tagged category to
select VBF Higgs production

¢ MVA combines event level information into a
classification variable categorizing in S/B and
mass resolution
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e Higgs mass modeled using MC
with energy scale and resolution

correction from Z — ee

e Background mass spectrum
modeled by polynomial fit

e Polynomial order between 3
and 5 depend on event category

statistics
b::; 18 = CMS preliminary —4-Data
S F\s=7TeVL=476" e
o 16 o
9 14I_BDT>:0.05VBFT39 —e— 1xSM m =120 Ge}/
o 120 .
5 100 di-jet tag
W gf
A
4
> - I
i@ez: o g1 2l
900 120 140 160 180
m,, (GeV/c?)

‘i: 24 E_CMS preliminary —$ Data
S 22 FNe=7TeVL=4761f" —— Bkg Model
> E g
o 20 fo
9 18 E—BDT >=089 —e— 1xSM m, =120 Ge}/
= 16¢
w |-
£ class 0
g 12
w 1o
8
6
4F
2 |
C ) l I
Q00 120 140 160 180
m,, (GeV/c?)
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S F\NS=7TeVL=476" —— Bikg Model
Q i o
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SM

lo(H—>v7Y)

95%CL

o(H—v7)

4r ; ' ' ; : : ) CMS prelimina
[ s Observed CLs Limit - it o 3 | Interpretation Requires LEE p ry
[ mmemnen Median Expected CLs Limit ?CMS preéllmmaryé 4 3 P o \[§ 7TeV |_ - 4.76 fb‘
3.5/ [ +1o Expected CLs ~ N8 = 7TeV-L-= 4,76 fiFt- g A -
t- [ * 2c Expected CLs i i i — \/ \
gt mm=== Median Expected (HIG-11-033) - /[ / \ l/ \
- ; ; a - ; 1o
I 10 \
4 o 2c
2 .-!... - :
i 102
1.5 - : : :
14 - —— Observed Asymptotic | 3¢
i DO 107 " —4— Observed Ensemble
0.5 - cat0-3 (Non-VBFTag)
i i i . . . i : B cat4 (VBFTag)
q‘r coa b Lo Lo T Lo Lo L 40 14y I L1 l A l TS N T T N T T N T T O T A A A
10 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, (GeV/c?) m,, (GeV/c?)

Expected 95% CL exclusion limit:
1.2 - 2 x SM cross section

High resolution channel sensitive to

fluctuations of the background, accounted
for by the “look elsewhere effect” (LEE)

Probability for same excess everywhere in
the considered mass range
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p — value : probability that a background only
fluctuation is at least as large as the observation

=P Largest excess observed at 125 GeV with
2.9 O local significance

Excess at 125 GeV for both Inclusive and VBF
=P Global significance 1.6 ¢ [110 - 150] GeV
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3 different channels with 3 states et, ut and epn

 gluon-gluon fusion with at most 1 jet

e VBF: two additional forward jets
2 jets with large rapidity gap - better sensitivity due to
the greatly reduced background from Z — 7t

* Boosted Higgs: one jet with p> 150 GeV
reduces background Z — Tt and improves resolution
of tau-pair invariant mass

e TT mass reconstructed using kinematic fit of
visible products and MET with likelihood
constraints on decay kinematics

e Z — 11 background from Z — pp in data with
n replaced by simulated 1

e W + jets and multi-jet background from large
transverse mass and same-sign control regions,
respectively

Mass resolution ~ 20%

SM

—_—_—— — —

CMS,\Vs=7TeV,H—1tt,L=4.6fb"

512 T T T T T T I T T T I T T
o’ [ —— observed 5 ’
B . —— expected 4
S 10~ I = 1o expected N
= L [ ] =20 expected ]
= - : 4
= 8 —
- - y
O B
£ of -'
o [ 4
0- L 1 L L I L 1 L L I 1 1 L L I L I-
110 120 130 140
my, [GeV]

Somnath Choudhury ( CEA Saclay )

13




 high branching ratios but huge QCD
backgrounds

e select W /Z + H, V — (Lv) (££) (vv)
events with significant W/Z boost

* Require two central b-tagged jets (pp
threshold dependent on final state)

- CMS * Data
70~ —— VH(125 GeV)

" Vs=7TeV,L=4.7fb" w

PP — VH; H— bb B VH(125 GeV)
C 1w

[ 1z+bb

[ Z + udscg
CIw+bb

I W + udscg

[ Single top

I i

=== MC uncert. (stat.)

60

Events / 15 GeV

LI L |II II| UL \‘I TTT |II

.

20

10

100 150 200

250
M, [GeV]

Mass resolution for bb channel ~ 10%

H—bb

SSD

saclay

e Cut and Count analysis on BDT output (dijet
and W/Z kinematics)
e Background yields scaled to data in control
regions from inverted b-tagging (W/Z + light
flavour), tighter b-tagging plus extra jets (tt), low

pV/Z (W/Z + bb)
s 16
_Em - CMS
B 14| Vs=7TeV,L=4.7b"
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115

120

125 130 135
Higgs boson mass [GeV]

exclusion at 95% CL for 3-9 Oy,




) H—4u candidate
Excellent mass resolution

and small background, S/B>1 — My, = 90 GeV

M,, = 25 GeV
Select 2 lepton pairs with opposite My =119 el
charge and same flavour,
50< my, <120 GeV,

12< m,, <120 GeV

Electron acceptance :
Muon acceptance :

| n |<2.1, pp >5 GeV

Irreducible Z + bb and tt backgrounds
estimated from Z + same-sign dilepton
sample, with fakes rate from Z + loose
lepton sample

Irreducible ZZ—4l continuum background
estimated from MC normalized to Z + jets on
data
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Events/10 GeV/c?2

CMS Ns=7TeVL=47f"'  _CM \s=7TeVL=47fb!
181 T T T T T T T T T T T T I T T T T | T T T T J- 0 5 _I T T T T I T T T T | T T T T I T T T T I T T T T I T T T T I_
N : - = ~e— Data [*4e, ® 4,220 .
16 ~+— Data a) ~ % i ~ M zx b) 1
- . | M zz _
14 B z:x 41 O 4° O mu= 120 GeV/c? -
- B zz 1 &N ‘&9 — mu=140 GeVic? -
12p my = 140 GeV/c? B *g 3 & .
10E —— my= 200 GeV/c? 4 @ | g .
- — mu=350 GeV/c? 1 w f 3 ]

8 - ] 2 _— g . . —_
B ] S @ A

- . B o ]

6 - 7] 1 — L - - . & . 1-—|:» - —
4l ] = 1
2F - Oﬂ-‘-‘--*’:é R —————

—
—
o

Q00 200 300 400 500 600 100 120 130 140 150 160
ma¢ [GeV/c?] mae [GeV/c?]

Expected background 67+6 events, observed 72 events over the full mass
range, 9.5+1.3 expected and 13 observed in [100 - 160] GeV
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SM

—

Io(H— ZZ - 4))

95% CL

CMS Vs=7TeV L=4.7 fb! CMS \Ns=7TeV L=4.7 fb!
! o 1 : : :
e+ b) 3 - H 2.4
1o
é_ R W h SN ) G O SRR, ” AT (RPN ST RN e | ° i
,,,,, = = 10711
S |
| - o Il s N A R R S AR R S R e S A S D K A S A 20,
120 140 [Gevic? ‘. 1 102k
: e e 103}k ? BLEEE EEEN -
_______ = Observed i == W/0 ma uncertainties 150 140
T S :::Eig:gzg :;g_‘ == With ma¢ uncertainties MH [G‘eV/CZ]
L IlIlIl1l:Allllllll“llllllllllJlll]llll 10_4 1 |1|1|1|11|1||11:|l||||1|1:|[|||1i1|1|
110 200 300 400 500 600 110 200 300 400 500 600
mH [GeV/c?] mu [GeV/c?]

Largest excess observed 119.5 GeV : Global significance 1.6 &

(2.5 o local)

320 GeV : Global significance 1.0 0 (2.0 o local)
Exclusion limit at 95% CL for My; [134 - 158], [180 - 305] and
[340 - 465] GeV
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Z — 41 decays as a standard

candle in the H — ZZ — 41

search mode

fs=7TeV,L=5.021fb"

£
VA
¥ p
E_r
¢

|:|z.rzr—> 41

Bz+x

® Data

=
w

q

q

fs=7 TeV,L=5.02 fb”

Z
,T*
f" E"

—_
M

Crystal Ball Function

N Events / 2 GeV

III|III|III|III|III[III|III|I

-
(=]

mean = 0.43+0.44
sigma = 1.10£ 0.54

N Events / 2 GeV
oo

I|IJI|\II|II[|III|III|IO

—

)]
o

160
M, (GeV)
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140 160
M,, (GeV)

‘

Z — 41 decay
clean resonant
peak in 4 lepton
invariant mass
distribution
statistical
significance 9.7 O

obs. 28 events

exp. 29.4 events
in 80 - 100 GeV

mass window
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H—> WW — 2I2v

e Two opposite charge isolated leptons
with 20/10 (15) GeV py threshold for
opposite-flavour (same flavour) events +
MET (not compatible with a Z decay)

e Exclusive jet multiplicities (0, 1, VBF
bins) and flavour (ee, pp, ep)

e Main backgrounds: WW (irreducible),
tt, Z+jets, W+jets, WZ, ZZ

e BDT-based shape analysis in 0,1 jet bins,
cut and count in VBF

e BDT Input variables: p of leptons, My,
AQy, ARy, M (for di-lepton system and
each lepton)

entries / 5 GeV

[ T T T T | T T T T l T T T T N T T T T ]

| e daa [l Zvets  CMS preliminary -

| — my=130 top L=46f" |

60  ww [l wzzz —

W+jets

ok :

20| ™ SH -

oLt Th | sttt gtegetieene s |
0 50 100 150 200

m, [GeV]
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di-lepton invariant mass in the
O-jet bin at Higgs selection level
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H—> WW - 2I2v =

L saclay
8 L Q@ R T e « ) e
5 | +daa MDY CMSNs=7Tev | S edaa MDY COMS\s=7TeV | S | edata MDY CMS\NS=7TeV |
o — m=130 top L=46"fb" g 80 —mz=130 top L=46m" 7| & 80 —mz=130 top L=46M" —
o 100F ww mwzzz n o L ww Ewzizz = L ww @ wzizz i
© W-ets © W-ets © | WHets
» 1 « 60 - @ 60 —
Q + + | e Tr + e L =
ol iy, f o 4 it
50 - Al - N H’ p + H " +
iiﬁ_ : - fﬂ ' + H‘ # . %
| 20 ﬂ# ]
+ - i _++
O L % 0 i n n M L
o ] 9 F T 3 8
e 1 = g ] E
T = 1.5_— 1 0=
L] W] ] ]
B R P u 44 +++ |+ . &
© © 3o * ?' ¥ H*T# + ©
05F * + ++
0 50 100 150 d""sb""160""150 o 50 100 150
A¢  [degree] A¢, [degree] A¢, [degree]

A in the O-jet / 1-jet / 2-jet bin at
the Higgs selection level - dominance

of different background contributions
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H— WW — 212v

No significant excess in the full mass range

Cut based MVA based
= 10 . = 10 /
e - c----- median expected OMS, Vs =7 TeV e S T median expected CMS, \8=7 TeV
B 5 H — WW (cut based) B . H— WW (BDT based)
e expected + o Lz 4.6t - expected + 1o L= 48 b’
_..3 expected + 2o .g expected + 2o
g 5__ —+— phbserved 5 5 ) —+— phserved
-l -l
O s O
L | 2
[T [Ty)
(o7 | 3 o .
“‘W e,
0 — 0 o —
100 200 300 400 500 600 100 200 300 400 500 600
Higgs mass [GeV] Higgs mass [GeV]

Multivariate analysis more sensitive ==P> our baseline result
Slight excess seen at low mass

* 95% CL expected exclusion for My 127 — 270 GeV

* 95% CL observed exclusion for My; 129 — 270 GeV
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H—- ZZ — 212v

H->ZZ->llvv candidate

Mion przosecey] _—
y
{Muon, pt: 89.6 GaV
Higgs Candidate
pt: 20.7 GaV
Z. pt: 282 2 GeV transverse mass: 589.6 GaV
mass. 88.7 GeV
5 10
B
. c
Two analysis : Cut & count and mass shape S
Discriminating variable for shape analysis : transverse mass £
Background estimate : S
o 7 + jets estimated using y-jet to model MET distribution x
(o)}

* Non-resonant background normalization from ep events

e 77 and WZ from MC

Exclusion limits : Expected 95% CL for My, in [290-480] GeV
observed 95% CL for My in [270-440] GeV

Somnath Choudhury ( CEA Saclay )

Events / 20 GeV
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L - wz ]
i —s— Data ]
205 + .
1o ]
= 1 1 1 1 '_+_| 1 1 I_+_ =
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----- Expected
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CMS,Ns=7TeV,L=461b"

median)
68 %;
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| U I S N R TR B
250 300 350 400 450 500 550

L
600

Higgs mass, m, (GeV)
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Combination Results

Combination of all channels

T I 111111 rrrrrrJ T 1T 11 P N N N N N N N N N S | m E 1 r r J 1 1 1 1 ] T LI | [ LA B N | 1 T 1 | 1 1T 71 T T T T TE
z 10f cms Prefiminary | —=— Observed : = = -
g - o NE=7TRV (= Expected (68%)|] g o
c | L=4ea8m’ | Expected (95%)| o 10 ¢ =
o i ] — ERRRLLR 4206
B | m S T =
= 8 107k -
= i -~ E -
d . 30
> 1 107 ¢ . 5
&~ - =
o B Global significance —— Combined obs. |1
o)) 10* | 0.8cinrange 110-600 GeV - ==« Exp. for SM Higgs
= 2.1 inrange 110-145 GeV Comb. ensemble |{4¢
B . H—bb (4.7
105 Yo H— (4.6 1)
L 3 _ _ — H—yy (4817
- CMS Preliminary, \s =7 TeV —HoWW (46 n;rJ')
; | L=46-48"0" —H—2Z 471"
‘IU_ — | | | | | | — 1 D- L 11 PR T S T S NI N
11{']"1'15"1'2{')'"i2'5"1'3b' '1'3'5"1'4{')"1'45 110 115 120 125 130 135 140 145

Higgs boson mass (GeV) Higgs boson mass (GeV)

Minimum p-value observed at 125 GeV
Global significance 2.1 0 [110-145] GeV (0.8 0 [110-600] GeV)
95% CL allowed mass range : [114.5 - 127.5] GeV
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Combination Results

Limits shown for two groups of channels

CMS Preliminary —=— Observed
Ns=7TeV | Expected (68%)
ZZ +yy,L=481" | Expected (95%)

CMS Preliminary —=— Observed
Ns=7TeV |5 Expected (68%)|
| bb+tt+ WW,L=461f" |- Expected (95%)

-

o
—,
o

-

95% CL limit on G/GSM
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: 110 115 120 125 130 135 140 145
Higgs boson mass (GeV) Higgs boson mass (GeV)
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Constraints

Higgs search and the electroweak fits

6 March 2012 m, . = 152 GeV

S“ -
) 3 - [ ] cms excl. ; M, = 122.5
A‘“En.;d = 580.42- | |Atlasexcl.
57 — 0.02750+0.00033 @ " [l Tevatron exal.
E - :
9.02749102.00010 c 804
4 - *» incl. low Q° data o -
o -
N =80.38
%-e 3 E LEP excl.
80.36
2" -
80.34
'I -
|LEP LHC 80.92 -
o lexcluded N\ % excluded oo e 173200 w07 259
40 100 200 A
80.3 165 170 175 180 185
my, [GeV] Top quark mass (GeV)
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Part 2: BSM Higgs Boson




MSSM Higgs Sector

Minimal Super- Symmetric Model (MSSM)

Two isospin Higgs doublets EW symmetry breaking: 5 physical Higgs bosons
HO Hy * h, H (scalar, CP-even)
Hy = (HI) and H = (Hg) * A (pseudo-scalar, CP-odd)

° x
2 Higgs doublets each with 4 degrees of freedom H* (charged)

Production rate enhanced x b e ¢
2 g o

tan“P L o tanf

coupling bbA ~ tanf at LO I b\ tanf | . tanp o

gg fusion with top/stop loops, b //. """"" 5 /// ----------- ¥

bottom/sbottom + associated = . S P B

b quark production e ’ ’ 0

Decays to b-quark (~ 90%) and T (~ 10%) pairs 2 parameters (M, , tan B - ratio of the two

enhanced at all masses doublets)

study done in maximal mixing scenario
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Neutral MSSM : @ (h/H/A) — 1t

T vV Ty Tau pairs reconstructed in decays leptons (e/p)+
T
. e - Te hadrons (1 or 3 prong) or ep
WS
=l S Two categories : nor}-b-tagged and b-tagged (to
enhance bb® coupling)
CMS,Vs=7TeV,L=46 fb" Allchannels CMS,\Vs=7TeV,L=4.6fb" All channels
%' s etr(m =120, tanp=20) 1 S e poerr(m 2120, tanp=20)
tE 3 10° —e— observed 4 18 - —e— observed
+ / - CzZ-ow 3 ' CJz-w
e o i 7 16 It
Y F B clectroweak i B electroweak
K £ ” ) multijets 1 14 [ multijets
pi (vn; g 1 Non b-Tag Category 3 12 b-Tag Category
e n& 7 ° 10
sy L 10 8
T °
- i«'n* 1 4
T ¢ o
- e 2
Al L HE 0 L 1 "
0 100 200 300 400 500 0 200 400

m.. [GeV] m;. [GeV]

Somnath Choudhury ( CEA Saclay )



Neutral MSSM : ®@ (hW/H/A) — Tt

CMS,\s =7 TeV, L = 4.6 fb”

ﬁ 50 -l L] L] L 1 I L 1 L I L] L 1 L I 1 L] L
= 45 | 95% CL Excluded:

b :, l:l Obsemed Ly TR ST EI PRI RS e .

o Expected

L +20 Expected

35;-§IIILEP_

SEER. MSSM m,, " scenario, M, =1TeV

S T R
01 00 200 300 400 500

m, [GeV]

This excludes previously unexplored region:
reaching as low as tan § = 7.1 at m, = 160 GeV
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Charged MSSM

Event with (t + MET) from H?, 2 b-jets ,
2 jets or (e/p + MET) from W

\s=7TeV L=23fb"' CMS

60 N7V /) LI I | L Ll L L L) Y VAR | L] | '1 :‘

?— " t>H'b, H‘—-)‘Ic\' S l ) : vy

© - T+jets, et,, T, and ey final states i J

= - MSSM m™ yy

=0y BH' —w) = 1 Yy

~ u=200 GeV oy

401 .

Top Branching Fractions in SM 30 =

6% 20 i I ; et ]

e iTiTREeT -&= Observed ]

e Observed+1c (th.) -

10 Excluded ]

. - {5558 Expected median+1c -

THets 15% e Expected median+2 ¢ ]

| e | l A B ] | | | AN ] [ | I L L1 l L 11 I LAl l | A AN . |
%O 100 110 120 130 140 150 160
% m,,. (GeV)
T To
2%
"'*:\3 4‘?2-0}:’0 ptjets 15%
wive “A% Significant constraint on BR (t — H'b) <2 - 3%
! e+jets 15% o . n
"dileptons" "lepton+jets” Excludes a large region in m(H*) — tan P plane
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ggH forbidden, VBF
or VH associated
production only:
exploit presence of 2
tag jets in forward
region or associate W
and Z (lepton-tag)

Branching Ratios

107

SSD

saclay

Fermiophobic Higgs

- - T o~1 T 18 = h";mlll;rlll-lﬂ;l :Ill;dl = eI
/ : —- S .y
i — oObserved _CMS Frellmlnaw y
g + 1o Expecied i WNE=7TeV, L=44810"
= 2o Expected i

g 10 = -—--— Expected Dijet-tagged class  |—=== ;
b Expected Leplon-lagged class
I --. Expected Other 4 classes(2D) [—-—

L
e

1xFP

Fermion
decays
forbidden

150 200 250
M, [GeV] 110 115 120 125 130 135 140 145 150

m, (GeV)
CMS PAS HIG-12-002

H — vy enhanced by an order of magnitude wrt SM
vy only expected exclusion M;<135 GeV
Small excess observed at 126 GeV

2.76 local significance, 1.26 global significance ( LEE )

Combination VBF and VH with H — WW, ZZ dilutes

excess to <lo
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Summary

SM Higgs boson search in 11 independent channels combined in CMS
— Expected 95% exclusion for My 114.5-543 GeV
— Observed 95% exclusion for My 127.5-600 GeV
SM Higgs boson, if it exists, is limited at 95% CL to 114.5-127.5 GeV
Excess observed around 125 GeV with local significance 2.8 6 and
global significance 0.8¢6 (full search range) and 2.1 ¢ (110-145 GeV)
The excess is both consistent with a background fluctuation, or with the

‘birth’ of a signal for a Higgs Boson around 125 GeV

Broad program of BSM Higgs searches with the CMS detector
MSSM Higgs parameters constrained with H—tt
Small excess for the yy channel in the fermiophobic model

No evidence for new BSM Physics in the Higgs sector so far
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Qutlook

No conclusive statement drawn on SM Higgs from 2011 data.

2012 data would have major impact! Analysis of 2012 data underway

CMS has recorded over 4 fb! of integrated luminosity at 8 TeV so far

2012 data will either discover the Higgs or exclude it completely in 114.5 - 127.5 GeV
New techniques to further improve the analysis and results ongoing

Expecting something sensational! Exciting time ahead of us!

2012 data @ 8 TeV with 15 fb! expected

to shed light on BSM Higgs

Further scan of MSSM Higgs parameter space
Fermiophobic, Doubly Charged Higgs,
NMSSM scenarios

Possibility of non-SUSY scenario investigation
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Efficiency x Acceptance - %

Events / GeV

43
42

41

40

1600 CMS preliminary «  Data
i = = .1 [ 2 prompt y
1400 g2 NE=TTeVL=48 1 [ 1 prompt y 1 fake y
[ ] 2fakey
1200 [ Drell-Yan
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1000 [Z7Z7] MC k-factor uncertainty

800
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Covoo bl ol ] e
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CMS Simulation

— Higgs Signal ¢ x Acc

. + 10 syst. error
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Energy resolution in different regions of the detector

= smearing energies of electrons in MC simulated
L—ee

=  comparing the resulting Z mass distribution
with data.
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Photon identification efficiencies: using a tag and probe applied to Z — ee events (for all
requirements except the electron veto).

Both statistical and systematic errors for the data measurement combined quadratically to
calculate error on ratio eff(data)/etf(MC).

Category

€data (%’)

emc (%)

€data / EMC

Barrel, Rg > 0.94
Barrel, Rg < 0.94
Endcap, Rg9 > 0.94
Endcap, Rg < 0.94

89.264-0.06+0.04
68.314-0.06+0.55
73.654+0.14+0.39
51.25+0.11£1.25

90.611+0.05
68.164-0.05
73.454+0.12
48.70+0.08

0.985+0.001
1.002+0.008
1.002+0.006
1.05240.026

Number of selected events in different event classes, for a SM Higgs boson signal (my = 120
GeV) and mass resolution, and for data at 120 GeV

Both photons in barrel One or both in endcap Dijet
R§™ >0.94 | R§™ <0.94 | Ry"™ >0.94 | R§"™ <0.94 tag
SM signal expected | 25.2 (33.5%) | 26.6 (35.3%) | 9.5(12.6%) | 11.4 (14.9%) | 2.8 (3.7%)
Data (events/GeV) | 97.5 (22.8%) | 143.4 (33.6%) | 76.7 (17.9%) | 107.4 (25.1%) | 2.3 (0.5%)
oeff (GeV) 1.39 1.84 2.76 3.19 1.71
FWHM/2.35 (GeV) 1.19 1.53 2.81 3.18 1.37
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effect of systematic uncertainty assigned to the
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Events/2 GeV/c2

saclay

CMS \s=7TeV L=4.7 b CMS \s=7TeV L=4.7fb"
T T N R b ] ! e Tt
35F . % 25 | -
E_ - DATA _f o] E ~DATA E
30; .Z+X . % 20 .Z+X -
25 Pz E *GC'J‘ : Nz ]
20 f— =140 GeV/c? —f u>J 15 :— — m,=140 GeV/c? —:
150 : 10[- 3
S ] 51 y
St E
NI 0 ~
50 60 70 80 90 100 110 120 20 40 60 80 100 120
MZ1 [GeV/CZ] MZZ [GeV/Cz]
Baseline 4e 4 2e2u
/77 12.27 +1.16 | 1911 +1.75 | 30.25 + 2.78
Z4+X 1.67 + 0.55 1.13 &+ 0.55 271 £0.96
All background 13944128 | 20.244+1.83 | 32964+ 294
my = 120 GeV/c?* 0.25 0.62 0.68
my = 140 GeV/c? 1.32 248 3.37
my = 350 GeV/c? 1.95 2.61 4.64
Observed 12 23 37
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H—ZZ*—4l, wrt 4] generated in the acceptance CMS \fS -7TeV L=4.7 fb
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H— WW — 212v
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H— WW — 212v
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Most sensitive channel is ep in 0-jet bin
higher s/b and smaller systematic errors
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MSSM Higgs: Neutral
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dominant

Large logs from phase space
integration — bottom PDF
resummation = DGLAP evolution
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MSSM Higgs: Neutral
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MSSM Higgs: Neutral

10 CMS Experiment at LHC, CERN
Data recorded: Mon Oct 3 03:07:23 2011 CEST

Run/Event: 177730 / 2113660794

LHG Higgs X5 WG 2011
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MSSM Higgs: Charged
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NMSSM Higgs:
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BP1: normal hierarchy
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BP3: degenerate masses
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Statistics

find the values of the nuisance parameter that best fit the experimental data for the background-only and
signal+background hypothesis

use these values to generate toy MC pseudo-data for
background-only and signal+background to construct test

statistic p.d.f. for a signal with strength p and background »_ 5|  CMSPreliminary — Combined obs. |
: L 10°; E=7TeVv | Combinedexp. |3
only hypothesis: R A =) 4648 Hobb (471 |
f(q*' |H Qobs) f((*j |0 Qobs) c [ - — Hotr (46 |]
HA 2 K15 20 E - —— H-syy (AB87Y |
E B —— H—='WW (4.6 [
from the p.d.f.s the p-values for background-only and = oL — HoZzZ @7 ||
signal+background hypothesis are found and the CLg as the (—"} Exx,,.q./’\\\ =
ratio of the two p-values I e ]

m ------- o 2z ety o n e RS
bs | ,,a(fobs jobs > T S .

P ((qu = g | us(85) +b(63)) G2
CLS(‘H) B bs Nobs
P (g > g |b(65™))

To set exclusion limits on a Higgs boson hypothesis: T T T

110 115 120 125 130 135 140 145

g, = —2In L(data | p-s(0) +b(0y) ) ' < Higgs boson mass (GeV)
' L(data|f2-5(0) +b(f))

To quantify the statistical significance of an excess g = —2In L(data | b(éo) ) 0

over the background-only expectation: L(data|7-s(8) + b(B)) r=
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Statistics

m, = 119.5 GeV CMS Preliminary m, = 125 GeV CMS Preliminary
Combined (68%) | NS5=7TeV 1 Combined (68%)| Ns5=7TeV 1
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H— 1t el H— 1t ]
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Best fit m‘GSM Best fit m‘GSM

Somnath Choudhury ( CEA Saclay )




