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Dataset and reconstruction ~
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* Excellent performance of LHC and CMS in c ' _CMS preliminary ]
- Vs =7 TeV Run2011B
2011 0.1 ]
. . L ~IMC Z—p
— More than 5 fb! of pp collisions collected at 7 o.08- b
L e Data Zuu
TeV CM energy [
0.06|- s
— Peak luminosity 3.5 x 1033 cm™2s! I Number of vertices
. o 0.04 in the second part
— Data taking efficiency 90% ' of 2011 data
— 90% of collected data good for all analyses 0.02) ~
— Mean pileup 10 events of soedowoneniiiliii]
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A Particle Flow algorithm (PF) has
been developed

— Provides a global event
description in form of a list of
particles and avoids double-
counting

Large improvements in T, jet and
missing transverse energy (MET)
measurement
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The SM Scalar boson at LHC

UCSD
* Indirect constraints from precision EW measurements Gfitter group
— M, < 169 GeV at 95% CL (standard fit) M. Baak et al.
— M, <143 GeV at 95% CL (including direct searches, before LHC) arXiv:1107.0975

* Direct searches
— LEP: M,<114.4 GeV excluded at 95% CL

— Tevatron: latest results in previous talks

* SM scalar boson favored at low mass, above the LEP limit
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. Cross sections and BR
q q 7 i from the LHC cross section working group:
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SM scalar boson channels at CMS

Channel mpy range  Luminosity Sub- my
(GeV) (fb—1) channels resolution 11
Low mass new H— 9y 110-150 4.8 2 1-2% .
H — 7T — et/ pt/ep + X 110-145 4.6 9 20% independent
new H— 17— uu+X 110-140 45 3 20%
new WH — euty/ upty, +v's 100-140 47 2 2%  Channels
(W/Z)H — (ev/uv/ee/uu/vv)(bb) 110-135 4.7 5 10%
H — WW* — 202y 110-600 4.6 5 20%  Search
new WH — W(WW*) — 3(3v 110-200 4.6 1 20%
H— 7Z®) — 40 110-600 47 3 1-2% Massrange
(%) 130-164 3% 110-600 GeV
V H— ZZ™ — 202g { 200600 4.6 6 39
. H — ZZ — 2027 190-600 4.7 8 10-15%
High mass 250-600 46 2 7%
G [ ous Peimnay e 17Ty [TmTmE
5 [ L=46-4.8"fb" — e {46
B —_— H—MT—)I.lp (46f7) ]
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3 ) —
95% exclusion 2 -
114.5-543 GeV Y I
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LEP lower limit I i
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Low mass: H2>vyy

UCSD
E.= 86 GeV * Small BR: ~2x103
s W * Two isolated high E, photons
. — * VBF channel has two additional
; ,‘.?'5‘-'," jets from outgoing quarks

* Narrow mass peak
— very good mass resolution 1-2%

E.= 56 GeV BG MC only used for optimization

_lllllIIII|IIIIIIIII|IIII||III|IIII||II||IIII_

1600 CMS preliminary * Data
= - -1 | ] 2 prompt y
1400 & Vs=7TeVL=4.8fb [ 1 prompt y 1 fake ¥
[ 2fakey
[ preli-Yan
I H-vy (120 GeV) x5
MC k-factor uncertainty

e Signature: small mass peak over
large smoothly decreasing

background 1204

Events / Ge .

_ _ 10001
— lIrreducible: 2y QCD production

— Reducible:

800
M,=120 GeV

600 signal x 5

‘II|III|III|III|III|III|III|III|I

400

. 200 e
e Studied mass range: 110-150 GeV e e
(| Il Lo | J_h‘-l_l T T T TR T |
%O 100 110 120 130 ‘I40 150 160 1(70 \})80

March 7, 2012 Marco Pieri UC San Diego



=
LCSD

arXiv:1202.1487

* Cut based analysis in categories Accepted by PLB
— VBF channel

— 4 event classes based on photons
pseudorapidity/shower shape for the remaining
events

H->vyy analysis strategy

* Multivariate (MVA) analysis (shown here)

— Event-by event mass resolution, photon id S document
discriminant, di-photon kinematic variables and Hic-12-001
vertex probability combined using with boosted
decision tree (BDT)

— Sensitivity improvement corresponds to about
50% increase in integrated luminosity
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H->yy non-VBF MVA analysis

UCSD
e 4 non-VBF event classes Events passing VBF selection removed
. . ggECMS preliminary igitaMOde‘ 160 CMS preliminary :SstaModel
split based on the diphoton P2~ 7oV L=47015 T TevL=aTow
I 206 B

F BDT>=080 —e— 1xSM m,=120 Ge 0.72<=BDT <089 —e— 1xSMm, =120 Ge

BDT classifier output
 BG is estimated by fitting
to a polynomial in the full

mass range (3" to 5%
order)

Events / (1 GeV/c?)
®

“o 250 [ CMS preliminary —4- Data 700 cMs preliminary —#- Data
F\Ns=7TeVL=476f0" — Bkg Model Ns=7TeVL=4761" —— Bkg Model

— Possible BG bias is always
w600 =

)
>
[0 L
IeSS than 20% Of the (‘E 200}0.55<=BDT<072 —e— 1x3M m,~120Ge 0.05 <= BDT <055 —e— 1xSMm, 120 Ge
z
&
0

500 :
statistical error

— Different BG estimation in
cross check analysis gives

3001

200}

consistent results J
foo T2 a0 160 180 fo0 1@ Tao 160 180
m,, (GeV/c?) m,, (GeV/c?)
my=120 GeV class0 | class1 | class 2 | class 3 | Dijet class
Total signal expected events | 3.4 19.3 18.7 33.0 2.8
Data (events/GeV) 4.5 55.1 81.3 229.1 2.1
resolution FWHM /2.35 (%) 0.9 0.9 1.2 1.7 1.1
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H->vyy VBF analysis LCSD

* Exclusive dijet tag improves sensitivity by ~10%

e Photon identification is the same
— tighter lead photon E, cut (E lead/M,, > 55/120)

* Dijet tag selection on dijet variables
— exploits two additional VBF high p; jets at large rapidity

‘C\M‘S\ Dijet tag selection has high s/b, ~1/3
> \ — -
» — \‘u.‘ %y 18- CMS preliminary —$— Data
e S [\s=7TeVL=476 15" — Bko Vodel
. M,,=121.9GeV o 161 —
,/ M. = 1460 GeV O 14 - BDT>=0.05 VBF Tag —e— 1xSM m, =120 Ge
| 1 — -
u' = 3
i P
S 10
> - ®
L 8F
or
i i 49 ®
i
CMS Experiment at LHC, CERN N 2
Data recorded: Mon Sep 26 20:18:07 2011 CEST -
Run/Event: 177201 / 625786854
fuisecton: 45 Qoo %0 140 160 180
m,, (GeV/c?)
March 7, 2012 Marco Pieri UC San Diego 9



e

H->vyy results: exclusion CeSD

- ‘ e ' : : : CMS document
H Observed CLs Limit j imi :
C ammemeas Median Expected CLs Limit ECMS pre;llmmaryé HIG-12-001
3.5f— [ +1c Expected CLs \f_ =7-TeV-L.-= 4.76,
- [ + 20 Expected CLs :
3 F mmma- Median Expected (HIG-11-033) : {

2¢

: . : : s Expected from

Expected from i Seal : *? -~ P
L 1-. g.. oog foocd ...Ea..............-.:. ..........a. .............. :. .- ...g......... -.-.‘.;.'.. : Cut based

MVA analysis sl AEEE\ VRt I ST I W S 0% SLE W : _

analysis
Improvement 1

oo

~20%

‘:1: 11 1 1 i 11 1 1 i | I | 11 i L1 1 1 i 11 1 1 i 1 1 1 i 11 | I | i 11 1 1
q10 115 120 125 130 135 140 145 150
m,, (GeV/c?)

* Expected 95% CL exclusion: 1.2-2 x SM

e Excluded at 95% CL:
110.0-111.0, 117.5-120.5, 128.5-132.0, 139.0-140.0, 146.0-147.0 GeV

* Cut based analysis gives consistent results
— arXiv:1202.1487

e Cross check MVA analysis also gives consistent results
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H-> vy results: p-values

e P-value: probability that a BG only fluctuation is more signal-like than

observation
S [ Interpretatlon Requwes LEE CMS preliminary
g o — reeeee ey eereeens \E ...... Z..IQ.V...L ...... 4 ..Z.6..Ib..1. ..............
-3 = :
/T // / A\ AREIN
=i - A . LY
107 e .................. .............. // ...................... \//\
2
10-25_ .......................................................................................................................................
B 5 5 1 ——— Observed Aéymptoiic _18¢
10-3 E_ .............. .................. .................. I Observed Ensemble .....
- : 5 5 cat0-3 (Non-VBFTag)
- | | | cat4 (VBFTag)
TR TN T N T TN N T NN N TN TN N NN N TN N NN TN Y N N NN TN N TN TN NN N NN NN TN (NN TN TN NN
10“1‘10 115 120 125 130 135 140 145 150

m,, (GeV/c?)

* Largest excess around 125 GeV

— Local significance 2.9 o

— Global significance 1.6 o

Similar
results
as cut based

* Look elsewhere effect (LEE) estimated in the mass range 110-150 GeV
with toy experiments

March 7, 2012
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Low mass: H=> 1T

CMS,\s=7TeV,H— 1, L=4.6fb"

-
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W
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M
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N

: —— obser:/ed

—— expected

[~ [ = 1o expected
- [ ] = 20 expected

* No narrow mass peak (c,, ~20%)
e Also important for MSSM

e Three different sub-channels for SM:

— VBF production, two additional
forward jets

— Boosted: one jet with P,>150 GeV k
— gg-fusion 0 or 1 additional jets arXiv:1202.3697 ¢

Submitted to PLB
e Two new channels added

iy
O

95% CL limit on o/og
]
1

?1-0. — .120l - I130l - .140. I
e H->TT->up e  WH->ltt->epr,, put, ™Y

— Also sensitive to WH->WWW
— Use same sign ey, YU

— Large BG from Z->pp

CMS preliminary, ys =7 TeV, L = 4.5 fb'1, H-ott—up

b% 50 '_._'Ob'sen:edl L L < 40 ‘(':M{IS' prlell|n'||lr|aryl291|1 IIIIII — \[._. .7.Te‘.l. —
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T 3 s O %*;" HIG-12-006
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1 30 = 25 —]
©)] o C ]
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8 20 3 15:_ ------------------ =
[®) =l
15 2 E
10 CMS document Y .
5E HIG-12-007 =
o . ) ) g 9 1
T 00 105 110 115 120 125 130 135 140
910 120 130 140 MH (GeV)
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Low mass: H->bb channel UCSD
* BG too large, needs additional tag ZH->vvbb candidate
* Exploit VH associated production ZEE:;SZ gz\\;
with W and Z decaying leptonically

— W->e,u

— /->ee,uM, W

« Require boosted bb system MET=19268

e Mass resolution ~10%

-
(2]

= N
Ew - CMS
% 14 Vs=7TeV,L=4.7fb"
5 L VH(bb), combined
'E 12 :— —e— CL Observed
S [ e ClsExpected Excluded at 95% CL
1 10 CL  Expected = 1o
(2 B CL Expected = 20 3 _9XS M
2 B
g °F

T arXiv:1202.4083
| Submitted to JHEP
of

o W5 920 m 130 135
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Full mass range: H>WW-=>Iviv

* Most sensitive channel around 2xM,,

(125 <~ M, <~ 200 GeV)
* No narrow mass peak (mass resolution ~20%)
* Two high p;isolated leptons + MET

H->WW->epvv candidate

 Main backgrounds

— WW (irreducible)
— Z+jets, WZ, ZZ, tt, W + jets

* BG estimation crucial
— Main BG estimated from data
Scalar BEH boson +
V-A structure of W decay
favors small opening angle
between the 2 charged

leptons
(tend to have small Ad)

March 7, 2012 Marco Pieri UC San Diego 14
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LCSD

Analysis strategy for H>WW-lviv

* Analysis is performed in exclusive jet multiplicities
(0, 1, 2-jet bins) and flavour (ee, uy, ep)
— WW BG contributes more to the 0-jet bin
— tt BG contributes more to the 1 and 2-jet bins
— Z+jet and ZZ contribute more to same flavour (ee and pp)
— 2 jet bin corresponds to VBF dijet tag

 Two different analyses carried out:

— Cut and countin 0, 1 and 2-jet bins
— Multivariate in 0 and 1-jet bin

March 7, 2012 Marco Pieri UC San Diego 15



H->WW-=lvlv selection

 MET affected by pileup, special treatment

— Use projected MET: transverse to nearest lepton if angle <90°, full MET
otherwise

-

— Use minimum between MET with all particles and charged MET only from
charged particles identified primary vertex to reduce effect of pileup

* Tighter cuts + Z mass veto for ee and pu due to Z background

N
| CMSNs=7TeV,L. =46 1fb"
N 10° « data
0-jet bin H(130) - WW
= m WHjets
M,;=130 GeV 5 B di-boson
M Z+jets
Data-BG — D W\IN
comparison 10° WW selection
after i . ‘I, Mass dependent
sequential cuts 10°L ——e—=_  Cuts for cut based
10°
; I I I I I I I I I I I
March 7’ 2012 plf1/'2>205/;;" cllfs Veto Jet Vetoa"ti b ":5” Cuyg p;ICUt pl?cut '"l/ Cuyg m, c‘l!sd ‘1’” Cyg 16
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BDT trained at different

masses, input variables:

I:)tleptons' |\/III' Ad)” Y ARII'
M, (for dilepton
system and each
lepton)

Overall uncertainties:
— signal efficiency ~20%
— background ~15%

Use BDT output

classifier distribution
for CL estimation

Many cross checks
made, using Matrix
Element method, using
shape method with
only M, variable

March 7, 2012

entries / 0.1

0-jet
ep
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1-jet
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MVA analysis: 0 and 1-jet bins

M 130 GeV
[ L L ] r L L B A B
< data DY cwMmS, \F 7 TeV < data MDY CMSNs=7TeV
| — mg=130 top L=46f" | | — m=130 top L=46f" |
ww B Wwzzz Odet e'uipte ww B wzzz O-et efe/ptn A
40+ Wijets + { - 40} Wijets —
g b #ﬁ
Hatal, ol ﬁ
0 ] | 0
-1 0.5 0 0.5 1 -1 0 5 1
C I I ] F " "‘ rrr T
e data B DY CMS,\s =7 TeV | data . DY CMSNs =7 TeV |
[ —m=130  top L=46f" | — m#=130  top L =460’
ww B wzzz et e'wlue ww o Ewzzz et e'ehyt
40} W Wajets 1 40 H W+jets
o0t 420t +_ .
i_ +_ L 4
0 i __¥ + 1o n 0 m_. h M L
-1 o 5 0 0.5 1 -1 5 0 0.5 1
BDT Classifier BDT Classifier

Most sensitive channel is eu in O-jet bin
higher s/b and smaller systematic errors
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95% CL limit on o/og,,
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Cut based
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------- median expected CMS, s =7TeV e}

H — WW (cut based) O

expected + 1o L6 (C)

expected + 20 +—

| —e— observed g
-

@)
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100 200 300 400 500 600
Higgs mass [GeV]

H->WW results

* No significant excess in the full mass range

—_
o

%))

=
LCSD

arXiv:1202.1489
Accepted by PLB

MVA based

median expected CMS, (s=7TeV
H— WW (BDT based)
L=461b"

expected + 1o
expected + 20

—se— observed

300 400 500 600
Higgs mass [GeV]

* Multivariate analysis more sensitive, especially at low mass
— 95% C.L. expected exclusion for M, in [127-270] GeV
— 95% C.L. observed exclusion for M, in [129-270] GeV

e Slight excess at low mass in BDT analysis

March 7, 2012
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WH->WWW-3I13v

UCSD
e Similar to WW analysis
e Cut and count analysis with mass independent selection
* Main backgrounds estimated from data
stage WH (120) | WH (120) | data all bkg. Wz ZZ top+Z/v*

H—o1t | H—>WW — 3y — 44

3-lepton preselection | 2.1+0.0 | 3.5+0.1 950 | 968.3 =119 | 482918 | 784 =09 | 348.0 =9.7
min-MET > 40 GeV | 1.0+£0.0 | 1.8+0.1 244 | 2705+44 | 2082+11 | 7903 | 545+43

Z removal 04 +0.0 1.0+ 0.1 40 479 + 3.1 159+04 | 0.7=x0.1 313 +3.1
top veto 0.1 +0.0 0.6 = 0.1 12 14.2 + 1.3 8.8+ 0.4 04 +0.1 49+1.3
ARy« 4 & myy 01+00 | 0.5+£0.1 | 7 8.4+ 0.9 57+02 | 03+01 | 26+09
E 25 l LI | L l LI l L | L | L | L I L -l
------ median expected CMS preliminary
| expected = 1o WH — 3I3v
2014 expected + 20 L=46fb"

—e— observed

—
o

IIIIIIII||

CMS document
HIG-11-034

95% CL limit on o/og
o

lIllllI]IlII]IlII|Il|[|Illlllllllllllllllll

120 130 140 150 160 170 180 190 200
Higgs mass [GeV]
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Full mass range: H > ZZ > 4l (4, 4e, 2e2p) 1?5{3

* Clean channel: 2 high mass pairs * Background

of isolated electrons or muons — irreducible: ZZ, Reducible: Z+jets, Zbb,
tt, WZ

* Narrow mass peak
— Very good mass resolution 1-2% ® Most important aspect:

 Small BR ~1E-3 at high mass — highest possible lepton id efficiency
down to very low P,

H->4u can idate — .

M,, =90 GeV
M,, = 25 GeV -

M,, = 119 GeV




H—>ZZ->4l: invariant mass spectrum X

UCSD
o gCMs FUllmassranges ;i _g7pp1 o 5MS Lowmass  \s=7TevL=471"
S - S —l N B L L f S : - Data[ d4e,®4,92e21] b) :
> 16K a) % -~ B z:x ]
O . ~e— Data . 4 — M zz _
O 14f W z.x T nmeve
9 12:_ - 2 _" E’ :_ é _:
B 1ef my = 140 GeV/c? . c 30 3 )
..OC-.; 10:_ — mu= 200 GeV/c? - g E % ]
> — mu= 350 GeV/c2 . L ol % .
w g - s . R
: BG exp.: 6716 : }
6 . = - | ! I JE it ! 4
: Data: 72 . 1w 1 -
41 B i if i i
2t e oF - e e e e
900 200 300 400 500 600 100 110 120 130 140 150 160
mae [GeV/c?] M4 [GeV/c?]
Channel 4e 4y 2e2 BG exp.: 9.5¢1.3
ZZ continuum 12.27 + 1.16 | 19.11 + 1.75 | 30.25 +2.78 Data: 13
Z+X 1.67 055 | 1.13+0.55 | 2.71 +0.96 In 100-160 GeV
All background | 13.94 £1.28 | 20.24 +1.83 | 32.96 +-2.94
my = 120 GeV/c? 0.25 0.62 0.68
my = 140 GeV/c? 1.32 2.48 3.37
my = 350 GeV/c? 1.95 2.61 4.64
Observed 12 23 37
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H>ZZ->4l results LCSD

arXiv:1202.1997
Accepted by PRL

P-values

| SMS Ns=7TeV L=4.7fb" CMS EXCIus?on Ns=7TeV L=47 fbo
g : : i : a) 3% ! : b)
g YRAY Y MY 8yl 4l t10fsmmmns B PURMOMSION e
i 1 2 -
___________________________________________________________________________ 20. % |
F|==w/0 mg4 uncertainties : : 1 | =——oObserved ]
= with m4; uncertainties 120 140 my [GeV/c?] % "'E"pe"‘ed x 10| |
: : : : : = = =Expected £ 20
) A S ST S S T S S SR RS S RPIT IS P TIPN o o e o e
%10 200 300 400 500 600 110 200 300 400 500 600
my [GeV/c?] mH [GeV/c?]
* Largest excess observed at 119.5 GeV SM scalar boson excluded at 95% CL
— local significance 2.5 ¢ for M,,in [134-158], [180-305] and
— global significance 1.0 o in the full mass [340-465] GeV
range, 1.6 in the mass range 100-160

GeV
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High mass: H>ZZ->llvv channel

* Most sensitive channel for high mass search
— BR 6 times larger than ZZ—> 4l

* Missing neutrinos implies mass resolution 7%

* Only accessible for high mass (M, >~ 250 GeV):
— the two Z bosons are boosted

-
®)
W
)

— large MET due to invisible decay H->2Z->llvv candidate
* Main backgrounds CMS.!

— ZZ (irreducible) j\\ X

— Z+jets, tt, WZ e

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 28 23:14:53 2011 CEST
Run/Event: 163659 / 21497971

Lumi section: 28

Muon, pt: 205.6 GeV

Muon, pt: 89.6 GeV

Higgs Candidate:

pt: 20.7 GeV

Z, pt: 282.2 GeV transverse mass: 599.6 GeV
mass: 88.7 GeV

March 7, 2012 Marco Pieri UC San Diego 23
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H>ZZ->llvv results LCSD

MET after prese|ecﬁon * Two analyses: cut and count and mass shape

-------------------- 3 * Discriminating variable for shape analysis
CMS N5 =7 TeV, L= 4.6 fb transverse mass:

>

(O]

(C-')) 105 —— Higgs (mH-300 GeV) )

- — Z+Jets M% — (\/pT(ee)Z +M(£€)2 + \/E'rrnissz + M(££)2> i (ﬁT(N) + E}%’liSS)Z

>~ 10*E —— Top/WW

2 i 101 e -

2 10°F " CMS\@ .7TeV,L=4.6fb ]

T E —e— Data ]
I - e Expected (median s

10°F - Exgected 568%3 ) .

g Expected (95%

— Observed

1 IIIIILLI 1 IIIIIIII 1 IlIIIlIl 1 lIIIILlI 1 IlIllLl] 1 IIIIL|JJ L 11l

—

T T 1TT7

95% CL Limit on o/og,,

IIIlIIIIIIIIlIIIIII L
0O 50 100 150 200 250 300 350

EmISS (Gev)

10

| N

arXiv:1202.3478 i .
Accepted by JHEP

I | I I | 1 Il L I | 1 L L I

* BG estimation L1
. ) ) ) 250 300 350 400 450 500 550 600
— Z+jets estimated using y+jet Higgs mass, m, (GeV)

to model the MET distribution No excess observed in data
— Non resonant BG

normalization from ey events Expected 95% exclusion for M, in [290-480] GeV

— 77 and WZ from MC * Observed 95% CL exclusion for M, [270-440]
GeV
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Other SM channels
e H—>7Z - llgq (high mass)

— Sensitivity similar to other ZZ decays

e H > ZZ > lltt (high mass)

— All T decay channels searched for
— Lower sensitivity (~4xSM)

March 7, 2012

CMS,L=4.6fb"at \s=7TeV

3 ST T T T
o) - ;FCLSObse&ed ‘ E
\\ 7 - fa=aa CLg Expected = 1o .
(] - ------ CLg Expected = 20 7]
° 6: ——SM ‘ ]
5F
. 4:_ "'.:'/r
arXiv:1202.1416 : -
. » j 5
Submitted to JHEP 3 "
2: """" g
1;_ ........
T T T T T T
200 250 300 350 400 450 500 550 600
my [GeV]
CMS \s=7TeV,L=4.7fb"
s 207 | | I
n
Lé H— 2Z - lht
g 151 — Observed _
= | . Expected + 1o
£ | e Expected = 20
. d 10
arXiv:1202.3617 2
32
Accepted by JHEP i
5
1
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Combination of all channels LCSD

 SM cross sections and branching ratios are assumed
with their theoretical uncertainties and an overall
signal strength multiplier is fit

 Method for CL calculation is LHC-type CLs

— Frequentist CLs with profiled likelihood test statistics and
log-normal treatment of nuisance parameters

— ATL-PHYS-PUB/CMS NOTE 2011-11, 2011/005, (2011)

e Here we show the latest results that include the new
analyses presented here

* Results based on 2011 data have been recently
submitted for publication
— arXiv:1202.1488, accepted by PLB
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Exclusion C.L. LCSD

CMS document
Full mass range Low mass region HIG-12-008

R, = - ! ' ' : T (2] L L. L . .~
8 - CMS Pre“mlnary, \'sS = 7 TeV —=— QObserved 1 -a CMS PrellmlnarY, \S - Tev —=— Observed ]
< L L=46-48fb" % Expected (68%) ] = L=46-48 fb! B Expected (68%) ]
e Expected (95%) - R pr Expected (95%)| |
2 1 | o 1 =
- 2 :
& @ .
2 ok D _{90%
; - T H95%
n - % ’
O 102 S 102 99%
I P =
O i O ]
10° 10° 3
L L 1 11 1 | 1 111 I 11 1 =
100 200 300 400 500 600 110 115 120 125 130 135 140 145
Higgs boson mass (GeV) Higgs boson mass (GeV)

* Expected: 95% exclusion M, in [114.5-543] GeV

* Observed: 95% exclusion M, in [127.5-600] GeV
99% exclusion M, in [129-525] GeV

* 95% allowed mass range: 114.4-127.5 GeV

* Observed lower limit higher than expected because of excess in data
at low mass
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P-values
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Black solid line:

—
Q
N
T 1T HTII[

asymptotic 3G
LOVY mass 1073 = .. combined =
region - o ™. local p-value .
- Global significance \‘ == Combined obs.
104 | 08¢ in range 110-600 GeV - = == Exp. for SM Higgs |4
-~ 2.1c inrange 110-145 GeV e Comb. ensemble |{4¢
- H—bb (47" |]
10° |=hmw e |
= imi s = ——H-yy (4 ]
- CMS Preliminary, \'s = 7 TeV  HOWW (4610 |
o| L=46-48 fb — Hs7Z (47167 ]
=1 o0 o oo b b e b e s

110 115 120 125 130 135 140 145
Higgs boson mass (GeV)
*  Minimum p-value observed at 125 GeV with local significance: 2.8 ¢
— Similar significance expected from signal
* Estimated global significance:
— 0.80in[110-600] GeV, 2.1 0in [110-145] GeV,
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Fitted signal strength o/o, E

Comparison of channels
for M,;=125 GeV

m,, = 125 GeV CMS Preliminary

I Combined (68%) \s=7TeV
L=4.6-481b"

2.5 |||||||||||||| T T T T T T T T
- CMS Preliminary, \'s = 7 TeV I- 6

Ey _ -1
2.0k L=4.6-481b

l T T T T I T T T
8% CL band

~ili— Single channel

1.5

H— bb

Best fit 6/c,,

1.0

H—- 1t

IS T I

0.5

H—yy
0.0

IIIIIIIIIIIIIIIIIIIII

I R |

19 15 120 125 130 135 140 145 N2
Higgs boson mass (GeV) 41050 05 1 15 2 25 3 35 4
Best fit o/o,,

e The fitted o of the excess near 125 GeV is consistent with the SM
scalar boson expectation

* At low mass several channels show some excess

— At 125 GeV all sensitive channels show an excess consistent with signal
expectations

 More data are needed to investigate this excess
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Summary and outlook UCSD

SM scalar boson search in 11 independent channels
Expected 95% CL exclusion: M, in [114.5-543] GeV
Observed 95% CL exclusion: M, in [127.5-600] GeV

SM scalar boson if it exists, is limited at 95% CL in the range
[114.4-127.5] GeV

Observe an excess around 125 GeV in the unexcluded region

— Local significance 2.8 o, global significance 0.8 o (in the full search
range) and 2.1 o (in 110-145 GeV)

— The excess is consistent both with background fluctuation and
also with a BEH scalar boson with mass about 125 GeV

— More data are needed to investigate the origin of the excess
In 2012 LHC will run at 8 TeV CM energy
— should be able to discover or exclude the SM scalar boson
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H>ZZ-llqgq channel E

* Search optimized in two mass ranges: ar)gvi_120§-1416
— 125-170 GeV Submitted to JHEP

— 183-800 GeV

* Kinematical fit imposing that the jj mass is consistent with the Z

— For low mass cut M,;<80 GeV applied to select on-shell Z->qq

T A 95% exclusion from H>ZZ-2>1lqq
CMS/ U e atr, CERY CMS, L =4.6 b at Vs =7 TeV
< Run/_Even_t:1.66864/145883149 =3 8_ LI LI L LI L L L LI LB LI BN BB
; 'A‘\\\\ \\ 8;3:;/%%223@1%96364347/ 1978 Em E + C;.S Obse;v o : E E » E
o\o 7 :_ ..................... CLS Expected .10 ettt b reeesessensste b innssennse o SR .E
08 R CL, Expected = 20 ]
6 ;. ............... o SM S SRR SRR S :
5F -
af s
3F -E
Mee;=580 GeV H :
1E ]
:I L1l I Ll 1l l Ll I Ll | L Ll l L 1l L 1l I L1l :
200 250 300 350 400 450 500 550 600
Mass resolution after kinematical fit ~ 3% m,, [GeV]
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Events/25 GeV

e All Tt decays used

e Sensitivity about 4xSM
 Expect 10.2 events from BG
 Observe 10 events in data

CMS Vs=7TeV,L= 47fb
51 | e DATA -
% mH = 200 GeV
AL S my, = 400 GeV
L] zz
7|1 - [ IWZ/Z + jets
T i

400
M,.. (GeV)
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H-2>IlITT channel

M
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o

95% CL limit on 0/03
o

=
LCSD

arXiv:1202.3617
Accepted by JHEP

95% Exclusion
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| l | |
H—2Z - lht

—— Observed
------- Expected = 1o

------- Expected + 20

| I
300 400 500 600
m, (GeV)



Al

H->vyy: p-value and fitted signal strength in classes

-
®)
W
)
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H->vyy: results of cross check MVA analysis IE)

CMS document
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H>WW-lvilv: exclusion 100-300 GeV

arXiv:1202.1489
Accepted by PLB

E 1 0 I I I I I I I I I I I I I I I I 1 1 I I
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95% CL limit on o/c,

Partial combinations (ZZ+yy)
UCSD
CMS document
HIG-12-008
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Partial combinations (WW+bb+TT) E

CMS document
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95% CL exclusion on the signal strength =

UCSD
CMS document
HIG-12-008
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Fitted signal strengths o/og, at 119.5 GeV UCSD

CMS document

HIG-12-008
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LCSD

Projections for 2012 run

e 8TeVvs7TeVisexpected to increase the sensitivity by 10-20%
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H->vy: results for cut based

=
LCSD

T T T T T T
a) All classes combined
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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%) | 1434 (33.6%) | 76.7 (17.9%) | 107.4 (25.1%) | 2.3 (0.5%)
Oett (GeV) 1.39 1.84 276 3.19 1.71
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H->vyy: exclusion LCSD

arXiv:1202.1487
N N ) L L L L L L B L B B L B B Accepted by PLB
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arXiv:1202.1487
Accepted by PLB

H->vy: p-value
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H->vyy fit of the signal strength in different channels S

UCSD
arXiv:1202.1487
Fit of the signal strength Accepted by PLB
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Marco Pieri UC San Diego 46



u = v
95% excluded cross section ratio to SM UC\SD

arXiv:1202.1488
Accepted by PLB
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arXiv:1202.1488
Accepted by PLB

Partial combinations
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P-value and fitted p IE)

arXiv:1202.1488
Accepted by PLB
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and in combination

Highest excess at 124 GeV

m,, = 124 GeV CMS, \[s =7 TeV m,, = 119.5 GeV CMS,\s =7 TeV
Combined (68%) | L =4.6-4.8 fb” Combined (68%) | L=4.6-4.8 fo'
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e Allinvestigated channels show .
consistent excess but the observed .
excess is also consistent with BG only

March 7, 2012

Largest excesses observed

e Fitted signal strength in the different channels

=
LCSD

arXiv:1202.1488
Accepted by PLB

2"9 highest excess at 119.5 GeV

1050 05 1 15 2 25 3 35 4
Best fit OIOSM

Local p-value significance ~2.3 o

Excess mainly coming from the 3 Zz-
>4| events

Deficit in that region in H->yy
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