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Multi Jet Event at 7 TeV

including updates
» Studies of Higgs properties
e SuUMmary

ear after!! 3
e 4t of July -




The CMS Detector

CMS Integrated Luminosity, pp
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CMS Ready for the Higg
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Detector Performance:

CMS Preliminary 2012 Vs =8TeV, L=19.61b"

CMS preliminary Run2012

ys=8 TeV

e w 1.2pr TR B
I T 11 :
e E s aesseeeee | Object performance
0.6 (Eé?—](é}:(r:g:sI)D-i_ isolation eff. : 0_92 Muon ID as a functlon Of the
I S ] 08 1 pile-up: ie the number
- Probe in endcap: 1478 <y 1<25 | 0.7;_.... 5520 Gay 4 Data i _; Of reconstructed
02— ¢ Data 0.6:* i)l < 2.4 “+mc E .
: Simulation i g _+_ Data/MC E Ve rtl Ces
e TR TR R I - O3 b b
# vertices Number of vertices
CMS preliminary 2012
S e ] .
@, 2 - waPFE; simuaion i . CMS Simulation 2012, /s = 8 TeV Vertex reco efﬁCIency (for YY)
~_ | —— NoPUPFE, dam iiﬁ.— 5 T A e —
3 [ — NoPUPF simuiation - ] § 14 — MVAlsolation Loose 0 :Z—w : 5 CMSpreIlmmary £
© 20- + prg g +4 & — MvAlsolation Medium ARG RS 196fb‘—:
[ —— PFE, smulation ] MVA Isolation Tight Lf i : ' f
; i ]: 1 ¥ 15_ Wmmm@@ 4+ %
i MET resolution ;14 | Tau reco efficiency - t:
i: 08 ‘&i *é-*-o- mﬂ"*“*"’*’"’% D.E-E f
] e R a 0.702"";""1ig'"'1i5""2‘u""2i5'"'3i0"‘ +
4 s number of reconstructed vertices
L a T Z— . .
et o Data/MC ratio using Z—pup
% 1/-3200995999584985s 0000200059909 _ with muon tracks removed
% 08 at # vertices

5 10 15 20 25 30

number of vertices



Standard Model Meas

Electroweak Measurements Top Quark Cross Sections

t-channel single top quark production =
CMS o e e e — Single top
=3 | B CMS preliminary, 5.0 .
— prm— T =
Qo Sl ! 3 ° 102 -
Q - W 1 ©  7TeVCMS measurement (stat®syst) E
5 [ ° i 8 TeV CMS measurement (stat®syst) ] |
b.Q = | = 7 TeV Theory prediction 3 10F
[ Isqi O —— ] F
| :21] | | = 8 TeV Theory prediction . -
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More later during LP2013
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Good understanding of the detector + accurate theory predictions
—Precise measurements of the SM processes in a large range
—Good knowledge of the backgrounds to the Higgs analyses




Higgs Production

)
—_—
Q,

009 ' t

g g fusion

\s= 8 TeV

—
o
LHC HIGGS XS WG 2012

Processes
*Gluon fusion
*\/ector Boson Fusion
*W/Z associated prod.
*Top associated prod.

.........

pp — H+X) [pb]

Ho 101
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WW, 72 fusion ™9

5 '
Numbers taken from the g
. . = 9
LHC Higgs Cross Section WG +100 i
m
See yellow reports: £

YR1: Inclusive cross sections 10°
YR2: Differential cross sections

YR3: Properties (to appear)
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-3 i 1 1 Il L 1 1 1 1
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HIggS RAunting I

Processes/decays studied: B Results released In progress

H-> gamgam
H-> ZZ
H->WW
H-> bb

H-> tau tau

H-> Zgamma

ttH

H-> mumu

H-> invisible

Main decay channel characteristics:

Channel M« range Data used
(GeVic?) 7+8 TeV (fb™")
H->yy 110-150 51+19.6
H -> tautau 110-145 4.9+19.6
H->bb 110-135 5.0+19.0

+ more exotic channe

M
resolution
1-2%
15%
10%




Higgs Decay into Bosons




The Decay H—yy

Analysis
*Two high momentum photons
eLow mass Higgs is narrow

*Two photon resolution is
excellent

L ooking for a narrow peak

L arge irreducible background
from direct two photons

*Smaller fake photon
background

Key analysis features
*Energy resolution (calibration)
*Fake photon rejection
*Optimize use of kinematics

CMS-PAS-HIG-13-001




The Decay H

e Two inclusive analyses:

 MVA: photons selected with an MVA. Variable in the MVA: photon
pPRIMARY | Kinematics, photon ID MVA score (shower shape, isolation), di-photon mass
resolution. 4 MVA categories with different S/B

e Cut-based: photons selected with cuts. 4 categories based on: y in
Barrel/Endcap, (un)converted y. Each category has different mass
resolution and S/B

e 3 VH channels (e, u and MET tag) + VBF (2 dijet categories)

Output of the MVA validated using Z—ee
M 53 Hog 125 GeV (5 =8 ToV L= 192" (where e are reconstructed asy)

N
(&)

[ B Gluon Fusion .
[ — eF I |
- BB vaH | 2

T e

| EZZ3 1D Shape Systematics I 2

Data (19.6fb ')

- DYJotsToLL MC

| MC with idmva+0.01

# of events/0.04
o S

I
I
I
I

—_
o
T T T

(6)]
T T L]

‘hoton BDT - -0.8 06 <04 -0.2 0 2 0.4 .6 0.8 1

di-photon BDT output

MVA Event cateqgories



The Decay H

MVA mass-factorized

Cut-based
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—~ - [ +20 - - B [ =:20 i
7 - 1 . —~
= 1 £A4000¢ :
(O] | - (O] B 7
i i 10 [ y
~ i i _03000 — .

e i 1 18 B §
N 1 £ - .

D i 1 1.82000 .
(] s . O B i
= aal =N X
m - m1000(~ .
+ A 1 Lk - i

S~ 0 _I 1 | [ | [ | | I I | | I N | [ ] 0 _| c oo b b by ]

110 120 130 140 150 110 120 130 140 150

m,, (GeV)

Each event category is weighted by its S/(5+B)
only for visualization purposes

m,, (GeV)




The Decay H

MVA mass-factorized

Cut-based

"s=8TeV,L=19.6fb" CMS\s=7TeV,L=5.1fo"'\s=8TeV,L=19.6fb"
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The Decay H—

MVA mass-factorized

Vs=7TeV L=5.1fb™
MET CMS preliminary CMS Preliminary Vs=8TeV L=19.6fb"
Vs =7TeV,L=5.11fb" (MVA) > 2.5 B
Electron Vs=8TeV, L =19.6 fb" (MVA) © L u= 0.78 = Best Fit
5 _m,, =125.2 GeV
Muon —l- Event Class i —1s
] combined 2— --- 20
Di-jet loose m, = 125.0 GeV -
o/og,, = 0.78+0.28-0.26 i
Di-jet tight i
Untagged 3 5= L
Untagged 2 -
Untagged 1 1
Untagged 0 :
Di-jet — 0.5
Untagged 3 - e
Untagged2 _IIII|IIII|IIII|I1II|IIII|IIII|
Untagaged 1 ‘PZZ 123 124 125 126 127 128
99 m, (GeV)
Untagged 0

oS b M,=125.4 & 0.5(stat.) + 0.6(syst.)
Best Fit c;/oSM

7+8 TeV: o/og,, for a mass of 125.0 GeV = 0.78 *0-28



The Decay H

CMS Preliminarv H == z Y 2 1 T L 1 I L L I T L 1 1 | Ll 1 1 1 | 1 1 1 1 I 1 1 1 1
F s=7TeV,L=501b" % b CMSPreliminary . __
. ls=8TeV,L=19.6 fb' a4 33 :-—’E-ﬂ"/TeVL:SOfb]l e - Modian Exoectod
e Electron + muon channels o  =8TeVL=196M" el Sapecte
- o X 30 e i I Expected £ 10
C Data ) i Electron + muon channels Expected £ 2.0
S 1200 —— Background Model ~_ xpe :
1000 — 1 0 ;
8 ¢t B0 E? 20
2w 20 5
o 6 C X 150
g %0 3 S
3 : |
?_ I} 1 1 1 L - 11 1 1 I 11 1 1 I L1 1 1 l 11 1 1 l L1 1 1 l L1 1 1 ]
00 110 120 130 140 150 160 170 180 0 125 130 135 140 145 150
m,, (GeV) my; (GeV
CMS-PAS-HIG-13-006 1 (V)

«Z decays into 2 charged leptons. The BR (H — Z y) is comparable to
BR(H — yy), but BR (Z — Il) reduces sensitivity (factor 15)

«Search for a narrow lly peak on top of a falling background, as for H — yy

*No significant excess seen over the entire search region

In certain models this channel could be largely enhanced




The Decay H — Z.

Analysis

*4 isolated high p; leptons

consistent with Z decays
from same vertex

*Use a di-jet tagged and
untagged category, and

kinematics
*Clear mass peak

oLittle background, main
comes from non-resonant

g ZZ production, also Zbb and

CMS-PAS-HIG-13-002 top (212v2b), fakes

Analysis procedure rather stable since ICHEP2012




The Decay H —

CMS preliminary

> 1 1 | T T I I
o I 1

O 30 * Data (s=7TeV:L= 51f" o

™ E anH*=Z1226 GeV  (s=8Tev:L=196M" |

@ ] zZi 1 Very good

c 1 control of the
' dominant ZZ

5
A
]

background

M(4l)>160 GeV
Data 380 evts
MC 364.5 evts

.”' il Ll ||

400 800
m, [GeV]

o(pp —ZZ, 8TeV) = 8.4+1.0 (stat.) £ 0.7 (syst.) + 0.4(lum.) pb

Geu(th) = 7.8 + 0.6 pb

Clean signal peak at
~126 GeV




The Decay H — ZZ

CMS Preliminary Ys=7TeV,L=5.1fb";ys=8TeV,L=19.6fb"

2 35:I e et T CMS preliminary N5 =7 (8) TeV, L= 5.1 (19.6) b
(D : : ;‘\120_|||||||||||||||||||||||||||||||||||||||
® 30 Hzx 4 © | my versus m,,
~— | . i o B
42 - DZY ZZ ] ““;100— o/ W 4e8TeV/7TeV
o F |:| - . N | 4yi: 8TeV / 7 TeV
> f m=126 Gev] ¢ o /W 4uBTeV/TTe
W 20: 3 80 o /B 2e2u:8TeV/7TeV
15 = 5o
: : i -2 15
10F . 0 ;':3" ]
- 401~ i -1 10
5 i n
1 20 P, 1P
0 NEREEE! TR NEERE L e, i b 0

80 100 120 140 160 180
my, [GeV]

40 50 60 70 80 90 100 110 120
m,, (GeV)

121.5 < M(4l) < 130.5 GeV




The Birth of a F

“History” of the data
accumulation during
the last two years

ZZ with Z—ee or pu

u+
.
Z/.
H
P e

o
W

o

o F
~ 29[

2 30F

CMS Preliminary

— | T I

- t Data

[ Im=126 GeV
[zy*2Z

B Z+X

\s=7TeV:L=0.01b"

200

300 400 600 800
m, [GeV]




The Decay H — ZZ

Matrix Element Likelihood Analysis:
uses kinematic inputs to build a kinematic
discriminant (K;) for signal to background
discrimination using {m,,m,,0,,6,,0*,®,®,}

,Pbkg(mlj ma, 919 62; (1)9 9*? (I)l |m4£) -

MELA = |1 +
psig(mla ™Mo, 01,02, P, 0%, q)llmzlf)

CMS Prellmlnary fs= 7Tev L 51 fb '.f_ 8TeV, L= 19 6 fb1

20 TTTT TT
E E R | « bata | :
18— —
SIGNAL | BACKGROUND o 1 Kp>0.5 W2+ ]
o CMS preliminary is=7TeV, L=5.1 6" {5 =8TeV, L= 196 "0'; 5 CMS preliminary V5= 7TeV,L=5.1 6" 5= 8TV, L = 19.6 1" E 16;— I:I 2y 22 —;
c - B
0s ¢ 4 []m,=126 Gev:
08 Wo2F =
o 10F =
0.6 .

0.5
0.4
0.3
0.2
0.1

o M S oy 0
I LI B I IR

- | J'I L0
.Y 110 120 130 140 150 160 170 180
900 110 120 130 140 150 160 170 180

m,, (GeV) m(4l) (GeV)

900 110 120 130 140 150 160 170 180
m,, (GeV)




The Decay H — Z

Vs=7TeV,L=5.1fb"' \s=8TeV,L=19.6fb'
CMS Preliminary my, =125.8 GeV

Untagged
9E i g B
10 T ‘(‘"\ CMS Preliminary 'L ’
10" HoZZ-4l .
10714 "1 fE=7TeV,L=51" Dijet tag

1071 1Y fs=8TeV,L=196M"

e e e ———

110 120 130 140 150 160 170 180
my, [GeV]

p-value: Expected: 7.10
Observed: 6.70

o0 1 2
Best fit G/GSM

o/ogy at 125.7 GeV = 0.92 + 0.28

Significance is well over 6 standard deviations in this channel




The Decay H — Z

Coupling scale factors to
Mass Measurements vector bosons and fermions

T L i R P A LR Y
c - —— Combined ' = : ]
= 9 ——H-> 22 4e 10F eswcL
< s —H>ZZ >4 - -
o8 —  H>7Z 221 | 8F |_|95% CL -
£ E 6 e best fit B
6 . e oM .
5/ —; o/ £
4ic A O E
3F E 2 -
2 : -4 -
1F : -6 : =
:Jllllltlllllll %IIIII IIIII\IIIZ _8_ |||||||||||| ||||;||||||\||||||||| |||||||||||| ]
922 124 126 128 130 132 -1 05 0 05115 2 25 3 35 4

my, (GeV)

iy (qqH, ZH, WH) = 1.0*24
pe (gg — H, ttH) = 0.97%%

125.8 £+ 0.5(stat.) £ 0.2(syst.) GeV.

M=



The Decay H - WW -

CMS-PAS-HIG-13-004 Analysis
*Two opposite charged leptons
Y, (leptons only e, )

*TWO neutrinos == missing
transverse energy (MET)

*No Higgs mass peak
*Counting & 2D shape analyses

eEnhance sensitivity by subdividing
into + (0,1,2) jets categories
Analysis challenges
eUnderstand backgrounds WW,
W+jets, top, Drell-Yan

Scalar decay and V-A structure *Determined from control regions

of W decay lead to a small

opening angle between leptons



The Decay H - WW

*Analysis on the full data set for WW+0 jets and +1 jets categories
The W+2jets (VBF) channel is in progress

*Use a cut based analysis for same flavour lepton events and 2-dimensional
M-M, analysis for different flavour events M, = \/ZpifErTniss cos(Ag,, —ET™)

M, = 125 GeV 2D analysis
CMS preliminary L = 19.5 fb! (8TeV)

Background
CMS preliminary L= 19.5 fo” (8TeV)

final state | cut-based approach | shape-based approach

DF 0-jet counting 2D mygg-m
SF 0-jet counting counting
DF 1-jet counting 2D mygp-mt

SF 1-jet counting counting




The Decay H - WW

Events with 0 jets and different flavour leptons (748 TeV Data)

IIII|IIII]IIIIII[IIlIIIIlIIII_

— my=125 GeV CMS Preliminary—:
[ W+jets fs=8TeV,L=19.5f" ]
f5=7TeV,L=491" _]

-*- data — m,=125 GeV CMS Preliminary |
M H125 [ WHjets fs=8TeV,L=19.5fb"]
. v Top 5=7TeV,L=49f"
m Zy ww ' ]

0-jet ey W stat.®syst. O-jet e _|

events / 10 GeV/c?
events / 10 GeV/c?

IIIIIllIIIIlllIIIII]IIIIIllI

L

&Illllllllllllllllll

data/ MC
data/ MC

é__wm\\ \\\}:{g\k\\\@$ \

m, [GeV/c?] mi® [Gevic?)

A significant excess is observed...




The Decay H - WW

Standard Analysis Using my, = 125 GeV as a “background”

e
o
n

CMS Preliminary — Obiaived
\s=7 TeV, L=4.9 fb” - - - Median Expected

\'s=8 TeV, L=19.5 fb™
H—>WW—>2I2v 0/1-jet e

1 I

- = observed CMS preliminary

; --- median expected H— WW — 2[2v (shape-based)é

I expected+ 16 L =4.91b' (7 TeV) + 195 fb" (8 TeV) |
expected + 2¢

% T

|:] Expected + 20
Injection rn"=1 25 GeV = 1o

-
o

1 lllllll

—

95% CL limit on o/cy,,
o

=

o
=2
O
=
o
=
E
-l
i
@
X
o)
(o))

—
TTTIT
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o
—_i
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e il o o s Mon ol o il ool ool onali
200 300 400 500 600 110 200 300 400 500 600

m,, [GeV] Higgs mass [GeV]

*Exclusion at 95% in the mass range 128-600 GeV

eLarge excess in the low mass region

*When including M;=125 GeV as part of the background, no significant
excess is seen over the entire mass range




The Decay H —

w
o

signal strength, CMS preliminary, L = 24.4 fb"

8 _ CMS Preliminary ... Expected ]
% - \s=7TeV,L=4.91fb" e Observed . SFHeTTeV
L -1 -
O o501 s=8 TeV,L=19.5 _fb Injection m =125 GeV |
y— L H>WW—2I2v 0/1-jet o . SF 0jet 7 TeV
E | - Injection = 1o _ ¢
[@)) : |:| Injection = 26 :
.CTJ 20 B — DF 1-jet 7 TeV Py
B ] DF 0-jet 7 TeV
151 .
i i SF 1-jet 8 TeV ®
101~ .
i ] SF 0-jot 8 TeV
5 __ _______________ __ DF 1-jet 8 TeV
0 i bF O.IEt e | 1 | 1 | 1 | I | 1 | | | | | | | | | | |
100 200 300 400 500 600 -1 0 1 2 3

Best Fit c/og),

my, [GeV]

A 4.00 (5.10) observed (expected)
significance at my ~ 125 GeV

o/ogy Signal strength: 0.76 + 0.21




Associated Production

. WH — WWW — 3| 3v VH — VWW—2l 2v + V—ij
CMS-PAS-HIG-13-009 | | CMS-PAS- HIG 12 017

% LN L LI L L LB L L L L L L L LA LU LN BN BLELBL % .medlanexpected CMSprellmInary
O, ,| = obsewved CMS preliminary | E d
© 10 - --- median expected VH — 3I3v (shape-based) ] o sxpasten:E e
S W expected+ 16 L=4.9fb" (7 TeV) + 19.51b" (8 TeV) c 10 Wk
- expected + 26 (@)
£ S
= [ -
O 10 :
32
‘:g O
(o]
o~
51
1F o R R
o b b by by by by e by by d AR, . AS— funourssneed I TR I R froreennns
110 120 130 140 150 160 170 180 190 200

v b b by b b b b b
| 120 140 160 180 200 220 240 260 280 300
Higgs mass [GeV] Higgs mass (GeV)

o WW analysis cuts plus two central
jets

*Three high p; leptons with moderate
missing transverse momentum

Limited Standard Model Higgs sensitivity (~ 3.5-4¢SM at 125 GeV)




Higgs Decay into Fermion:




The Decay H —

Topologies studied

CMS-PAS-HIG-13-004

Analysis
-»-- *Tau decaysto e, Y, T,
used to reconstruct a tau
> eReconstruct corrected tt

invariant mass
Inclusive Boosted VBF *Use many categories

0-jets 1-jet 2-Jets to increase the sensitivity

jets with p; > 30 GeV

CMS Experiment at LHC, CERN
Data recorded: Sun Nov 25 00:15:46 2012 CEST
Run/Event: 207898 / 97057018

VBF candidate event for
H-)tr-dur,

0-jets, low p; | 1-jets, low p;

0-jets, high p;| 1-jets, high p;




The Decay H

/—TT Embedding; CMS Preliminary, Vs =8 TeV,L=19.4fb W+jets

Z—uu data, > o | | O e ened Shape from
replace p with g 2500 " Ei_@&foweak 1 simulation
simulated tdecay & ] E’k?umnaimy 1 Normalization
Normalization 3 : T from control
fromZ—uudata o L region
Syst: 5% : Syst: 10-20%
\"\ 1~ QCD
coo E SS lepton data,
I corrected for
0l SS/OS lepton ratio

0 50 100 150 200 250 300 350

Select isolated, well-identified leptons, T,
*Topological cuts (e.g. myin It;) to suppress backgrounds
«Categorize events based on number of jets, t-p;

«Template fit to m_. shape




The Decay H —1t

CMS Preliminary, /s = 7-8 TeV, L = 24.3 fb’'
v 5I><H(125 GeV)—nl -

O EN T nigh o S5 ; CMS Preliminary, s=7-8TeV, L=24.3fb"

>
R,
E, 140 @ clectroweak - — T T I T T T
EF . ) hop : > B —— Data - Background
E 120 :— B3 bkg. uncertainty E w L e-M,e-Th,M-Th,‘Ch_rh 40F @ Bkg. Uncertainty
> 100F A 1000 SM Higgs (125 GeV)
'O : \ B
80 —
- Rl 20
C L
sof . i =
u: £ 800 .
2o T i
F N B
0o 100 200 300 % 600 B
m,. [GeV] S i
50 CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb’' d) = = _
% ’ Eplrcl S SH(25GeV)em wjd L —&— (Observed A
45F""h —e— observed 3 = .
2 LoF2let(vBR) Bz E 'g’ 400 |~ I:I gl\_/l> Higgs (125 GeV)_
= Tk o B E — B T .
é: 3.5 3 g @ Sk%l.:)uncenainty m B - tt =
g 30F E ; - B clcctroweak 4
© o m 200 —elels
2.0 — — a

200

300
m,. [GeV]

Combine the sensitive categories of
all channels with a S/B weight

...plus all other tau
decay modes: et,,

CL, UL, ThTh




Assoclated Production

«Study topologies of 3 and 4 lepton final states
*Use tau decay channels into electrons muons and hadronic final states

C\E Ichmil IplrlelllfrlllIrlmrly T [ T TT 7T [ T TT CMS Preliminaw CMS-PAS-HIG-12-053
- - E T | T T T T | T T T T | T T
% i - ZZ i 6" 14~ —— observed VS=7TeV [L=501b" —
0] 25 | Reducible bkg. — © [ —— expected Vs=8TeV [L=1951b" -
= | lwz ] 8 12_ [ t1oexpected o _'
o | - = [ %20 expected
N2 || my =125 GeVic £ 4o  VHoVI B
2 ¢ . e Observed ] - i |
& - e : O | |
G>J 15_ B J§-7TeVIL-50fb'1 | o\o 8__ .............. ................................. s —
- - DT To) N | |
LI - T V5=8TeV [L=195" | o 6 | |
10~ . f
- i 4
5_ ..... ‘# :
- # y 2f
0 uuuuuuuuuuuuuuuuu - 0 B | 1 | 1 1 1 1 I 1 1 1 1 | 1 1 ]
0 20 40 60 80 100 120140 160 180 200 120 130 140
vis 2
My [GeV/C ] My [GeV/C ]

Upper limits of 2.9 to 4.6 times the predicted Standard Model value
for o*BR at 95% CL.



The Decay H

Results include also the VH channels

CMS Preliminary, ys=7-8 TeV, L=24.3 fb", Ho1t

0.5

CMS Preliminary, {s=7-8 TeV,L=243fb" H—> 11 CMS Prellmlnary H—>‘c‘c L-24 3 fb 1 4.0
= 4.0 [T T T T l T T T T T T T T T T] g 1 T : - ! ! ! ! | ' ! ' ! 1 ! ' ! ' | ' u
Ew E —— observed = E 10 = —e— observed
6 35F — f"%ec‘edct ) ;10‘E = 35 — H(125 GeV) expected
c - + 1o expecte -
S 3 N T and ___,,7“ 20 < [ = 1o expected
,E- 3.0 : [ 1+ 20 expected S LU G —— == % 3.0 * 20 expected
= C —
1 25F 103 30
(@] - 0
(=] -
au; 20F 10*
= r
15 2 10° —e— p-value observed
1.0 11— —— p-value expected

0
m, [GeV]

o.o | I — S R T S b 10—8 1 1 1 1 1 1 1 1 1 1 1
110 120 130 140 110 120 130 140

m,, [GeV] m,, [GeV]

Signal strength
n=11+04
Excess building up in the region 120-130 GeV

Significance:
2.930 for my = 120 GeV
2.850 for my = 125 GeV

Mass: all Tt channels combined
my = 120%°, (stat+syst) GeV




The Decay H

Ana IYS|S CMS-PAS-HIG-13-012

*By far largest number of Higgs decays
*But lots of QCD background (jets)
*Trigger based on leptons and missing E;
*b-jets identified through displaced tracks
*Go to high p; where Higgs is enhanced
*Main background W/Z+jets and top

CMS Exsperment ot LHC. CERN ‘
Data recorded: Mon Jun 27 02 .50.42 2011 CESY
RunEvent: 167807 7 149404730 \
Luam section: 134

o ”

e |
CSV(b,) ~0.92 f |
T 1 CSV(b,) ~0.99

H1 |




The Decay H

M,, for all categories and 7+8 TeV

Lo = ' ' ' I ' ' ' k I ' ' ' ' I ! ‘ ' ' I T T T ! H Lr) T T T T | T T T T I T T T T | T T T T T T T T
= - CMS Prelimina ® Data . — - .. i
¢ 5001 (5= 77ev,L=5.0 o E gﬂ (1;5 e ~ 801 CMSTTP:"eII_' m;r;&:;y ® Data ]
5= - Vs= 8TeV,L=19.0 ft’ = 24udeq 1 o - \s= 7TeV, L =5. i
5 " pp—VH;H—bb T 1 5 - s= 8TeV,L=19.0ft" [ VH (125 GeV) -
8 400 L = gingle top ] % - pp— VH; H— bb - vV N
+ B —— VH(125 GeV) . o 60— ]
D N ss55¢ MC uncert. (stat) o i Sub. MC stat. uncert. |
= 300 — < - | -
. 1 13 - 252 Visible MC stat. uncert.|
N 1 |z 40C n
B ] 20—
100— S —
O 0
o 2F %7 0.217 K, =0.991 FZMC uncert. (stat.) ‘ : 1 '
% 1 5 z— T S S AU T S NN T NN TN SO ST NN T SN SRR NN N SN R N
5 1F % 0 50 100 150 200 250
0 50 100 150 200
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The Decay

95% Asymptotic CL Limit on o/og,,
w

LI LI LI 1

CMS Plleliminary
(s=7TeV,L=5.0fb"
ls=8TeV,L=19.0fb" . cL_expectea
VH(bb), BDT combined [ CL Expected 10 _

:I L Ll | L Ll 1 | Ll Ll | L | ‘ | I | l_

LI LI | 1 LI [ L !

—e— CL Observed ]
--e- CLg H125 injected |

CL Expected + 20

110 115

*Significance =

120 126 130 135

Signal strength p = 1.0+ 0.5

Mild excess observed in data.

m, [GeV]

For 125 GeV:

2.1c (2.1c expected)

CMS-PAS-HIG-13-011

CMS Preliminary

Vs =7 TeV, L =5.0 fb"
Vs=8TeV, L=19.0 fb"
VH(bb), combined

—®— Observed

...... Expected from SM Higgs

7|||\||\||\||\||\|\||||
10 115 120 125 130 135

m,, [GeV]

(s=7TeV,L=5.0f" {s=8TeV,L=19.01b"

CMS Preliminary my =125 GeV

0 2 4
Best fit GIGSM



Events / 2.5 GeV

200

Data-Fit

At 125 GeV the upper limit

on o*BR = 3.6°SM (3.0 exp.)

VBF Process w\

CMS Preliminary Vs=8TeV L =19.0 b’
LA A B L B B R A B

150F

100}

t

T I T T T I T
CAT4

e Data -]
Background-only Fit
[OFits 1o
[ JFitz20
[ Signal (125 GeV) x 10 1

1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
100 120 140 160 180 200 220 240
M, (GeV)

95% Asymptotic CL Limit ono / og

bb event + > 2 non-b jets at large An

14

12

10

I[lllllllll|I|III|II]|III

—
CMS Preliminary

I L L L T ‘ T L T L I T T T L I L
—=— CL Observed

I\s=8 TeV — - CL Expected
L =19.0 fb! CLg H125 Injected

VBF H— bb [0 CLgExpected=+ 1o
CL, Expected+ 20

R BT R SR
130 135
Higgs Mass (GeV)

1 | I 1 1
125

1 L | I 1 1 1
120



H—obb Channel Co

Combine the results of the VBF and VH processes for H—bb

M

wn
Y
©
C
(o]
=
E
—
—
®)
9
—p—
O
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Q
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>
()}
<
X
O
(@)

[(*)]

T CMS Pretiminary

- Vs=7TeV,L=5.0fb"
Vs =8 TeV, L =19.0 fb™'

| VH(bb) + VBFH(bb) combined gy ci” expected: 10

—@— CL Observed
..... CLg H125 injected
==»= CLg Expected

N w £ (&)

—
|- T

«-. CL_Expected (VH only) _

:I 1 | | | | 1 1 | | | 1 | L | | I 1 | | | 1 1 1 | l:
110 115 120 125 130 13

my [GeV]

CMS Preliminary

{s=7TeV,L=5.0fb"’
(s =8 TeV,L=19.0 fb™

—@— Observed

Expected from SM Higgs (VH Only)

\ \ l I

VH(bb) + VBFH(bb) combined -

10950118 120 126 130 135

my [GeV]

*95% CL limit observed (expected) at 125 GeV: 1.79 (0.89)
*Significance observed (expected) at 125 GeV : 2.10 (2.20)
Signal strength at 125 GeV:

u= 0.97+ 0.48




Higgs Associated with Top
CMS-PAS-HIG-12-035

Study of the channel
Publ. JHEPO5 145 (2013)

5/fb at 8 TeV
/ *Analyses for di-lepton and

lepton+jets ttbar decays
We Wl Wl Neural net technique

- Single t v - EWK . ..
W —om — e Analysis optimized for H—bb

CMS ls=8TeV,L=5.1fb" 2500—CMS {s=8TeV,L=5.11b"
Lepton + =4 jets + =2 b-tags E r Dilepton + 2 jets + 2 b-tags
>
w

Lepton+Jets and Dilepton  CMS ys=7TeV,L=5.0fb";\s=8TeV,L=5.11b"
20— —e— Observed
. Expected £ 16

95% CL limit on o/cg,,

a 5 50 100 150 200 250 _ 300
Number of tags jet1p,

2 3

135 140

Data compatible with background expectations '~ (Gl




Higgs Associated with Top Pr

*Study of the channel CMS-HIG-13-015
H— vy >
ePerform analyses for leptonic

. and hadronic ttbar decays
ews s 2-a1, - @ SENSItIVIty 0.BR ~ 5.3.5M

/N

14000
- + ttH Hadronic Channel -
B12000{- « Datasidebands | fOr 125 GeV
510000 :_ Control Sample _: , ,
g e zs) - [imits Observed Expected Expected (No Syst.)
8000 ] Hadronic Channel 6.8 9.2 8.8
6000 - . Leptonic Channel 10.7 8.0 7.7
4000l ] Combined 5.4 5.3 5.1
2000: . % 30_C|M|S\ F|,r|e|||nﬂ|"rlla‘r)r |5\=|8 P—e\\{ I|_=|1!9'|6\ﬂ|)'1| T T 17T TT 17 T T \_
P i i P PO GRS W 3 = - : : : -
2 3 4 5 6 7 8 ?‘ B —— Observed 7
Number of Jet
Hmber e % 25 O - Expected + 16 7
CMS Preliminary Vs =8TeV L = 19.6fb " CMS Preliminary Vs = 8TeV L =19.6fb " ﬁd R Expected + 26 _
% SE— ttH(—7Y) hadronic channel —4 Data %4 5;* ttH(—yY) leptonic channel —4 pata é 20 B
o r H — odel o H —_ = —
= . leptonic gx =, hadronic g% S
8 't - 2 r ) T C
E l:|12cr S35 l:l:lu T 157
& 8 [ 1xsmm, =125 6ev I 35 [] txsmm, =125 Gev B L
5 E C
g 250 10
4 £ B
3 _ ]
: 18] 5
% 1 ]
1: 0‘52_ _\II\IIIIII\I\IIII\IIIIIIIIII\II\_
e R L-.U J-l RN Pl s e ————)
5 12'10 P T . 100 0 a0 e . ?10 115 120 125 130 135 140 145 150
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ttH Combina

Combination of the ttH->2 photons with ttH->bb result

parameter u = o/ ogy as a
function of Higgs mass for the
combination of channels

- 12 ftH, H—> bﬁv‘w: C::MS Preliminary: Vs=7TeV,L o 50fb" s =8 ':I'eV, L=5.1-196f"

‘E B —e— Observed :

E 10__...,..,.‘.Expected= .

8 L emesese 'I_'hg expected _95% CL upper
5 = = limits on the signal strength

1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
fo e e b e % Gew) Observed limit at 125 GeV: 3.3
Expected EXpECtEd Ilmlt at 125 GeV: 3.1
Higgs Mass | Observed | Median 68% C.L. Range 95% C.L. Range
11g§ GeV? 2.2 2.4 [1.7,3.5] : [1.4,5.1] . (950/0 CL)
115 GeV? 2.8 2.6 [1.9,3.9] [1.5,5.6]
120 GeV? 4.9 2.9 2.1,4.3] [1.7,6.4]
GeV* . . 2.4, .8,6. g w . .
ot | as | a6 oesd 208 Sensitivity to 1-2¢SM within reach
oG | 65 | 4 (sers oty with full data set/all channels!




High Mass Higgs Sear

High mass Higgs
searches with SM
channels WW, ZZ
updated with 2012
Statistics

Sensitivity reaches
now up to ~ 1 TeV

Interpretation of the

models; Benchmark
models proposed by
the LHC XS WG:

See CMS-PAS-13-008
CMS-PAS-13-014

data in eg EW-singlet

CMS preliminary, Vs=7 TeV[ L= 5.0fb™ /s=8 TeV L= 19.6fb"

_E I T T T I T T T ‘ T T T I T T T I
o - -
~ —— theory
P .
b —— median expected
Dm 101 expected + 1o
] ZZ_)2I2V expected + 20
=) —e— pbserved
1E 4
10-1 | 1 I | 1 I 1 | 1 1 I | 1 1 I |
200 400 600 800 1000
Higgs boson mass [GeV]
10 :
[ CMS Preliminary .|~ Observed
v H o ZZ > AL 4 212y i+ Expected
~- {s=7TeV, L=5.11b" | B34 Expected = 1o |~
L. =BTV L=1961" | .. Expected =20 |..

95% CL limit on o/og,,

7741

Vo

T 200 300 400

95% C.L. Limitono/og,,

pry
Q.
]

—_
o

; CMS Preliminary —— Observed

[ Vs=7TeV,L=4.91b" - - - Median Expected

| \s=8TeV,L=19.5fb"

| H-WW—212v 0/1-jet [l Expocea» 10
Expected = 20

K WW-—s212v

—_
TTTT

— Injection m =125 GeV = 1o

107 E
. RIS IR DU FUUTTTUVN ORI
100 200 300 400 500 600
my [GeV]
-1 CMS Preliminary, 19.3 fb" at {s = 8 TeV, e+
%ﬂ
E —— 95% C.L.Observed Limit
% ------ 95% C.L.Expected Limit
% [ 10 Expected Limit
o

[ ] =2 o Expected Limit
—— SM Expected

Lo by by by bav o n byw v g b

1111 L 1 1 1 1 1 1 1 1 1 1 1 1 1
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Higgs boson mass (GeV/c?)



of properties of the new particle
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Channel Combination & Higg



Summary of the Five

For a mass of my = 125.7 GeV CMS-PAS-HIG-13-005

Decay Expected Observed

77 7.1 0 6.70
YY 3.90 3.20
WW 5.30 3.90
bb =20 =10 } 3.4 ¢ combined!
TT 2.6 0 2.80

bb: includes VH and VBF
WW: includes ggF, VH, VBF



Mass of the New

H>ZZ->4l: m, = 125.8 + 0.5 (stat.) +0.2 (syst.) GeV
H -2>vyy: my = 125.4 + 0.5 (stat.) £0.6 (syst.) GeV

CMSPrellmmary \‘E 7TeVL 51fb Vs=8TeV,L<19.6fb"

CMS Preliminary {s=7TeV,L<5.1fb" ys=8TeV,L<19.6 o

Oy Hozy [—cois  § & [HowyeH—ZZ | * Commes
9§ o b (QGHIH), | T S 50l Signal strength | * "7
8w VeV : | versus mass * Az
7" : I

i

5

4

3:

)

; _ :

0" - ST YRR

= 125.7 + 0.3681 + 0,30ysH) GeV
= 125.7 + 0.4 GeV



Consistency with SM

V\s=7TeV,L<5.1fb" \s=8TeV,L=<19.6 b’ \s=7TeV,L=<5.1fb" \s=8TeV,L<19.6fb"
Combined CMS Preliminary m,,=125.7 GeV Combi CMS Preliminary m, =125.7 GeV
u=0.80=0.14 =0.65 omtﬂned =0.52
Psm 1=080=014 | Pg,

H— bb

u=1.15=0.62 Untagged

uw=078x0.16

H—1t

w=1.10= 0.41

VBF tagged
u=1.02=+0.34

H—vyy

w=0.77=0.27

VH tagged

H— WW u=1.02=0.49

w=0.68 = 0.20
H-— 77 ttH tagged

1W=092+0.28 u=-0.15=+2.86

[N TR R A R T S R | 1
0 0.5 1.5 2 2.5 -4 -2 0 2 4
Best fit O/GSM Best fit G/GSM

p-value= 0.65 w.rt. u=1 p-value= 0.52 w.r.t. u=1

Combined signal strength: n=0.80+0.14

Here and further: bb results based on 12 fb'1 at 8 TeV and 5 fbl at 7 TeV



Consistency with S

.
2-dimensional view: test production modes in the various decay modes

CMS Preliminary {s=7TeV,L<5.1fb" {s=8TeV,L<19.6 "

Vector Boson
Couplings

o Fermion
1 Couplings




Signal Strength for Diffe

Likelihood scans versus the different u values, using all decay modes

Gluon Gluon Fusion Vector Boson Fusion Associated production

CMSP |m|ary F 7TVL 51fb \f‘ 8TeV,L<19.6fb"
J T r T

I’L agH’ p“qu p“VH "“uH —Observed E
-~ —-Exp.forSMH |

CMSP Immry |'_ 7TeVL 51ﬂJ \f_ BTeVL 196ﬂJ
I |

M ggH’ “’ qaqH’ u\.rH utlH —Observed

CMS Preliminary s=7TeV,L<5.11" Vs=8TeV,L<19.6 b"
T T T T T T T T ‘ T T l' T | T \' T T ]

-
O

10¢ I
E_MQQH’ l'LCICIH’ Mume M — Observed
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Data in good agreement with the expectation
Approximately a 2osignificance for the VBF channel




+Couplings scaled by k,:
Hff: k. HVV: k,
HWW: k,, A= Ky /K;
HZZ: k, InSM,k,=1

CMS Preliminary {s=7TeV,L<5.1fb" {s=8TeV,L=<19.6 b

Couplings to Fermions

1.8 Overall result

.
.

O .

--------

Contributions from all decay channels

For my = 125.7 GeV
T(H=> vy) ~ oy + B icel?

CMS Preliminary (s=7TeV,L<5.1fb" \s=8TeV,L=19.6fb"

| ¢ SMHiggs @ Fermiophobic

o Bkg. only

—|-\I|I\IlllI‘IIIlIIIlIIIlIIIlIIIl\

Results within 1o of the Standard Model Prediction




Custodial Symme

Modify the SM Higgs boson couplings to the W and Z bosons introducing two
scaling factors x,, and k, and perform combinations to assess if

Az = Kpl/ky = 1 for m,, = 125.7 GeV
1 B S B e TS 18R N 2.0 MS ey fozTToU L8100 fozsToU L2 1900
c 4.5- Mz Kz, %4 — Observed _; * 1 8F AMyzr K25 K; E
:1] sob ----E'xp.forSMH E 1.62 E
35 | E 145 -
3.0- * E 125 &
250 '-. E 1.0- -
2.0- "-. E 0.8" :
1.5/ \ "' - 0.6 -
1.0F 0.4" .
0.5/ , - 0.2- :
005 g g T
}\'WZ

95% CL interval for Ay, : [0.62,1.19]



Summary of the Coug

Summary of the fits for deviations in the couplings

for a LHC XS WG benchmark model for a generic five parameter model

parametrisation (arXiv:1209.0040) (no eff. loop couplings)
[s=7TeV,L<5.1f" {s=8TeV,L=<19.6fb" (s=7TeV,L<5.1f" \s=8TeV,L<19.6fb"
CMS Preliminary ¥ 68% CL CMS Preliminary - 68% CL

==095% CL == 95% CL

TR I R L L L
0 05 1 15 2 25 0 05 1 15 2 25 3
parameter value parameter value

The best fit values of the most interesting parameters are shown, with the corresponding 68%
and 95% CL intervals, and the overall p-value pgy, of the SM Higgs hypothesis is given.



Higgs Properties from H

Vs=7TeV L=5.1fb"

| CMS-PASHIG-13-016 o

Upper limit on the Higgs width

eDominated by experimental resolution

Breit-Wigner + Gaussian fit -

*Observed (exp) upper limit = 6.9 (5.9) GeV 95% CL 7l | | "™
Additional Higgs-like states: PP [t

*Take SM 125 GeV as part of the background oi o sz ||

*Search for additional Higgses :

eLargest excess: 136.5 GeV with 2.90(<20 after LEE) ~ oosic

PEFETENES EFEPETATSl SPETEEE BT

Search for near mass degenerate states 10 20 125 150 156 a0 145 o0

H H (s=7TeV L=5.11b" (s=7TeV L=5.1fb"
.TWO Slg na |S Wlth < s CMS Preliminary :'::BT:V L=19.6fb" < 50 CMS Preliminary :[z=8T:V L=19.600"
- 2 |4 1 -“ > 7?'
relative strength x ¢ v ‘ ‘-“
- 4.0

35

mass difference Am
*Perform a 2D scan
*No signal at 95% CL
for Am> 4 GeV

3.0

Expectation
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1
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X
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1
0
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Spin/Parity Hypothes

Spin/parity hypothesis tests: H — ZZ — 4l channel

Kinematic discriminant built to describe the kinematics of
production and decay of different JP state of a "Higgs"

CMS preliminary W5=7TeV,L=511"\s=8TeV, L= 196" CMS preliminary {5=7TeV,L=51f" {s=8TeV, L=1961h"
U‘) 7—LIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III-I— LT | | | | | I_l_
el - 4 u 1- B
% - ¢ data 1§ 0.1r
> gL — 0", m =126 GeV 1 E
w _ P .H - E L
Fooee =D,mH=126 GeV T [} — CMS data
C [ zzz y ] % 0.08+
5 v - 8 L
C Z+X ] = iy
L 3 P
m N
7
o

E ) .
00 010203 0405 06 0.7 0.8 0.9 % 20 0 0 10 20 30
D 2xIn(L_/Ly)

0 0

More JP hypotheses have been tested in a similar way =2




oM CODITIAtOl 101

Combining results from WW and ZZ channel

CMS preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"

« Expected results with n=1

7 WW Comb
6.8% 1.4% 0.2%
« Observed results at measured n
ZZ WW Comb
1.4% 14% 0.6%

The observation is very compatible _‘
with the SM Higgs expectations of 0. %GB0 0 0 102030
The data disfavours the 2+ _(gg) T
hypothesis with a CLs value of
0.6%

0Af

L_12%(g9)

— CMS data
€L =06%) |

0.08-

Probability density

0.06]-
0.04-

0.02-

CMS-PAS-HIG-12-016

P Vs=8TeV,L=19.6fb"

—a— X—=yy 0

+ 1o expected

NEW + 20 expected
—— X—yy 2
—e— Observed

“2xin (L L)

Use the yy events to distinguish 0*/2*
The present yy data does not have the
power for a significant hypothesis test




Conclusions

The discovery of the new particle last summer has
been confirmed with more added collisions. Moving on
now to measuring properties.

The spin/parity is compatible with a 0* state and not
with (simple) O or spin 2 states

The mass Is getting measured better with time, the

present value by CMS is 125.7 &= 0.4 GeV

Signs of decays into fermion decay channels. The
significance of the combined t+b channels is >30

Hunt for rare decays & processes is going on...

The couplings to bosons and fermions are consistent
with SM predictions, but these are tested so far up to
~20-30% precision only; Surprises still possible!!
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ISSUES AND EXPERTS

Higgs boson and new pope confirmed

March 14,2013
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'God particle’ is for real

Scientists are confirming that a new subatomic particle discovered at the world’s most powerful
particle accelerator is indeed an elusive Higgs boson, also referred to as ‘the God particle.’ It
was discovered during experiments at the Large Hadron Collider (LHC) at CERN, Switzerland
last July. Scientists, who say they have a “long way to go” to know what kind of Higgs boson it
is, are reporting the confirmation at the Moriond physics conference in ltaly this week. The
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The Pope and Higgs Boson: Too Much God to Digest all

at Once?
Posted on March 15,2013







Summary of the C

CMS Preliminary {s=7TeV,L<5.1f" Vs=8TeV, Ls 19 6 fb
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For the fermions, the values of the fitted yukawa couplings are shown,
while for vector bosons the square-root of the coupling for the hVV vertex
divided by twice the vacuum expectation value of the Higgs boson field. .
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CMS ATLAS
Decay Expected Observed Expected Observed

77 7.10 6.70 4.4 0 6.6 ¢
Y 3.90 3.20 4.10 7.4 O
WW 5.30 3.90 3.70 3.80
bb 2.20 2.0 O 1.0 O -0.4 0O
T 2.6 0 2.80 1.7 C 1.10

Comparisons based on pre-LP2013 data released by ATLAS and CMS

CMS: Mass = 125.7 GeV
ATLAS: Mass =125 GeV (ZZ Mass= 124.3 GeV, yy Mass = 126.8 GeV)



CLi (CMS)  CLg (ATLAS)

0.0016 0.022
0.081 -
0.015 0.168
<0.001 -
<0.001 0.060
<0.001 0.002
- 0.258

Comparisons based on pre-LP2013 data released by ATLAS and CMS




ATLAS CMS
Decay M,; stat. syst My stat syst.
77 124.3 0.5 0.3 125.8 0.5 0.2
YY 126.8 0.2 0.7 125.4 0.5 0.6

Comb. 125.5 0.2 0.5 125.7 0.3 0.3

Comparisons based on pre-LP2013 data released by ATLAS and CMS




