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Outline

BSM searches )
What to expect.

- a selection only, with focus on most recent results

- will focus on pp physics only
- see all the specialized talks at this conference for much more details

by Yuriy Pakhotin, Norbert Neumeister, Rocio Vilar Cortabitarte

EWK physics

Suvadeep Bose
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Total weight CMS: the detECtor

14000 t ECAL 76k scintillating
Diameter 15 m PbWO, crystals MUON
- ENDCAPS
Length 28.7 m HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

’\7/’ Si Strips ~16 m?
) / ~137k ch
~ 4
4 . 4 Steel + quartz
Bi-7 / Fibers~2k ch

-

Pixel

Tracker Pixels & Tracker
« Pixels (100x150 pm2)

ECAL ~ 1 m2~66M ch

HCAL «Si Strips (80-180 um)

MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC)
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CMS: The Physics Objects
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Muon - ! I
Electron :

Charged Hadron [e.q. Pion)
= = = = Neutral Hadron (e.g.Neutron)
----- Photon

o(p/p;~15% at 1:-TeV

Tracker

Electromagnetic
]IX)' Calorimeter

Hadron

Superconducting

Calorimeter Solenoid

Transverse slice G(E),E ~ 3M ElGeV] +0.3%

through CMS

kon return yoke interspersad
with Muon chambers

o(p,)/p<1% @ 100GeV
o(p)/p:<10% @1 TeV

— — %
0 Barnay, CERN, Februpry 200¢

Particle-Flow (PF) algorithms use:
e, I, v, charged & neutral hadrons
as building blocks for
jets, b-jets, t's, v (miss Ey), isolation
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Thanks LHC for Fantastic 3 years!

CMS Integrated Luminosity, pp

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

Total Integrated Luminosity (b ')
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Pixels

Strips
Preshower
ECAL Endcap
ECAL Barrel
HCAL Outer
HCAL Forward
HCAL Endcap
HCAL Barrel
muon RPC
muon DT
muon CSC
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Prolific 3 years

« Public physics results are available at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Showall Total QCD Exolica Searches Supersymmetry B Physics Electroweak

Top Physics Heavy lon Higgs Standard Model
225 papers published
N 233 publications
R + 28 detector papers
50 -
40
a0 J
25
20: p\) O 0 Q © <
"] - Q( o588 :%g)
10: 1§\ _{f% Oé@ Q:EQ O@
] g) o Q ,,-@‘ 5 ° o (&j
0| @ 0D S

Beyond the SM: B2G
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Probing QCD
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EWK Physics

Brookhaven Forum Suvadeep Bose




Inclusive W/Z Production at 8 TeV N

CMS Preliminary 18.7 pb™ at \s = 8 TeV CMS Preliminary 18.7 pb" at s = 8 TeV
I I I | 1 1 T I T T I I I I I | 1 1 T I I T I I I I 1 | T I T T | I 1 1 I | I T T I I
NNLO, FEWZ+MSTW2008 prediction NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty] [with MSTW2008 68% CL uncertainty]
1.13+0.04 nb 12.50+0.32 nb
Z—ee W-oev
1.10+0.02,, +0.05_, +0.05,, nb HE 12.04+0.05,,+0.38 , +0.53,  nb i
Z-up Wopuv "
1.13+0.01,,, +0.03_ +0.05,, nb "al 11.79+0.04,,+ 027, + 052, nb
Z—ll (combined) et W-lv (combined) "
1.12+0.01,,, £0.02  +0.05,,  nb 11.88+0.03,, 022 + 052, nb
1 1 1 | 1 1 1 I 1 1 | | 1 1 1 | 1 1 1 I | | 1 1 1 | 1 1 1 1 | | 1 1 | | 1 1 1 1 I
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 0 5 10 15
o(pp—Z)xBR(Z—ll) [nb] o(pp—>W)xBR(W—lIv) [nb]
CMS Preliminary \s =8 TeV

l]llllllllllllllIIIIIIIIIlIIIIlIIII
1.20 ILdt=18.7pb‘1

Inclusive cross sections:

GEXBR(Z-I)[nb]

115, W Vs Z xsec % = | -At7 TeV: experimental precision had
11 E reached the 1% level, especially for
1.05¢ E ratio-observables

: - Data(stat @ sys) FEWZ NNLO Prediction . .

B emoseonmy WMo - New 8 TeV results from dedicated
095:  ocLunc D E low-pile up run early in 2012

X S - Total uncertainty: 2-5 % (4.4 % lumi,

9.5 10 105 11 115 12 125 13
GOXBR(Wslv)[nb] 2-3% acceptance, 1.1-1.7% exp)
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Improving The PDF Knowledge

T [ o amwmiew W - CcMS __ 840pb at V5=7TeV
= O CMS, 36 pb”, 7 TeV W 0.25— ]
m 10= = COFRuni W = - i
X — O DORunl - > = pT(e) > 35 GeV 4
— 4 UA2 - = L i
© Y - — MSTWO0S8 g ool " W ev 1
L N £ 021 ]
e pp | | too low for s I ]
B _ 4 | thelepton | & [ ]
- PP i P 80151 .
s 4 | asymmetry | 5 | - ]
10" — i : i
— Theopfl NNLO, FEWZ and MSTW08 PDFs at 7 TeV 5 o A PDF 5 |
. s L] . ] o Fae T MSTW2008NLO T
05 1 / 5 7 10 20 ul i === NNPDF2.2 (NLO) ]
Collider Enerav [TeV] i ieory bands: 66% CL ]
/. 0050 | | | | ‘ll | | | | é L
Good agreement with NNLO QCD, both @ 7, 8 TeV Electron Pseudorapidity  In|

CMSPre"minary 18.7pb’1at\1'§=8TeV -_— TT T T T T T T T T[T T T[T T T TT T T T T[T T T[T T T TT T TTT[TTT
e INr\;LCI) Il:E|W|Z+l|V|S|TVlv2|00|8 ;Lreldicltioln % 0_07_ CMS Preliminary, 4.5 fb™ at\s = 7 TeV, 20 < M < 30 GeV =

H [with MSTW2008 68% CL uncertainty] B C —e— Data (. 4.5 b7 in 2011) ]

WI/Z ratio S posk E

11.04 £ 0.04 Q : OWHEG+CT10 NLO 7

Woev, Z—ee — 005 .

’ i : EWZ+MSTW2008 NNLO ]

10.99+ 0.16,,, + 0.39, LOW-mass ood E

Wy, Z—pp - i : .
10.44+0.14,, +0.29 et Pre” Ya_n gives /0‘03‘ - =

Wosiv, Zol (combined) Interesting : e .

—lv, Z—ll (combine vgr 02— . 7

10.65+ 0.1, +0.23_ - PDF senS|t|V|ty - “@“ .
T 001 Diff DY xsec 5= —
0 2 4 6 8 10 12 14 E | | | | | | | | | | | mi‘
Ryz = [6xBR (W) /[ 6xBR ](2) 2002 04 06 08 1 12 14 16 18 2 22 54

< W/Z ratio at 8 TeV: 1.5 o difference with MSTWO08
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The Big Picture
Nov 2012 CMS

§ 7 TeV CMS measurement (stat@syst)E
i 8 TeV CMS measurement (stat@syst)_
— 7 TeV Theory prediction

. [pb]
=

— 8 TeV Theory prediction

W

‘—O—IWW+WZ§ W

IIIII[L|| IIIII[L|| IIIII[L|| IIIII[L|| LI

|||||I11| |||||l|1|m|||||m| TTTIT

Production Cross Section, o,

: : - WZ
ot . : —o— 27
10 E; > 30 GeV v Er>15GeV
™| <24 ' AR(Y)) > 0.7
1 s a
36, 19 pb’’ ' :

O Overall, the SM works at 7 and 8 TeV centre-of-mass energy...
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~_Top physics

p;=61.7 GeV/c

n=138
Muon: |
pr=64.4 GeV/c:
n= 0.29 Jet:
p;=135.9 GeV/c
n=0.79
Missing E;:
65.9 GeV

Jet:
Jet: pr=51.5 GeV/c
p;=61.7 GeV/c n=-0.12
n=0.81
CMS
Run: 163480

Event: 81224410
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Top-quark Mass

CMS, 5.0 fb™, S = 7 TeV, f+jets

3 Ideogram Method: 7 TeV i |

= Reconstruct m, .4 Via @ kinematic fit R s
= Event by event likelihood for fit results to be ‘B
consistent with a given m, 0.995

= Based on the p(m,|m.q) given signal 0.99

(different m,) and background, accounts all different
combinations weighted by the likelihood of the fit

098 IS S 0
172 173 174 175
7 TeV m, [GeV]
CMS Preliminary
CMS 2010 dilepton g 7551 464 4.6 O Good consistency among all
JHEP 07 (2011) (L=36 pb") (val. £ stat. + syst.)
CMS 2010 lepton+jets e 173.1+21+27 measu rements
PAS-TOP-10-009 (L=36 pb™) (val. £ stat. + syst.)
CMS 2011 dilepton — 1725+04+15
arXiv:1209.2393 (L=5.0/fb) (val. + stat. + syst.)

CMS 2011 lepton+jets 173.5+04+1.0

Top mass (GeV):
arXiv:1209.2319 (L=5.0/fb) (val. + stat. + syst.)

CMS 2011 all-jets S 1735+07+1.3 CMS (Combination):
PAS-TOP-11-017 (L=3.54/fb) . (val. + stat. + syst.) 1 73.36 i 0-38(Stat) i 0-91 (SySt)

Tevatron 2012 combination 1732+06+0.8 TevatI’O n (CO m b | n atl 0 n )

arXiv:1207.1069v2 up to 5.8/tb (val. + stat. + syst.)

173.18 + 0.56(stat) + 0.75(syst)

I | I I | |
160 165 170 175 180 185
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173.4+04+0.9

(val. + stat. + syst.)

CMS combination
up to L=5.0/tb




CMS Preliminary] 12.2 fo,\s = 8 TeV
LI B I LI B l LI : | - — = | - — : """"

CMS Preliminary,
TOP-12-038 1.76+ 0.15 (stat) + 0.22 (syst)

CTEQ6M
CT10
. MRST06
. MSTWO08 NLO 90CL N.=4

. HERAPDF 1.5 NLO
. NNPDF 2.1 N.=4

B e e T TSI SR

W t

q b b W=

Cross section ratio t/t-bar in t-channel
R,=1.76 £ 0.14(stat ) + 0.21(syst )

04 06 08 1 12 14 16 18 2

Ratio = o(t)/o(%)

Top decay:

- I: 1023738 CMS-PAS-TOP-12-035 (2013)

A\
——

14j: 0.947 CDF Note 10887 (2012)

1: 0981wt CMS-PAS-TOP-11-029 (2012)

007 D@ PRL 107, 121802 (2011)

-
o Ij: 0.95°"
re 11: 0.86 3

lj: 0.97:]:: D@ PRL 100, 192003 (2008)

R = BR(t > Wb) /BR(t > Waq)
= 1.023709% ; 3

Good agreement with SM
World most precise measurement

7

-0.17

lj: .02
MM opE PRL 95, 102002 (2005)

® : 141,

——
— lj: .03 D@ PLB 639, 616 (2006)
*
*

1j+110.947> CDF PRL 86, 3233 (2001)

N
=

06 08 1 12 14 16 1.8 2 22
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Beyond Standard Model (BSM) Physics




O What, if anything, makes the Higgs mass light?
o QFT: M =my"* + Amiy" " + Amiy 7 4 Amy Y ~ 0(125)GeV

. . . 2 _ P\f‘2 2
« Corrections diverge quadratically Amp = — Q2 Aty +--]

Either we live in a fine-tuned Universe

H H A 2
or QFT is wrong, or there must be some ------ O— ------ Ampy = — ‘87];‘2 AGy + -]
new physics to take care of divergences -
a neral theoreti jons: { ¥ As
3 general theoretical solutions ___,,____4_\._‘/_) _______ Am2, = o A2y +..]

(1) Supersymmetry - SUSY:

« Extra “svirtual” contributions stabilize Higgs potential.
(2) Higgs not elementary (Goldstone boson of new gauge group):
« Technicolor, composite-Higgs, ..., (little-Higgs), ...

(3) Quantum gravity sets in at ~TeV:

Effects from hidden dims (0.1 mm to 10-19 m). = KK-towers, radion,
mini-BH, ...
> All solutions imply new particles at TeV scale !
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Searching for SUSY

Light stops, sbottoms: final states include multiple jets + leptons + MET

v

0
Q

/

(b)jets + MET | M Use 176 mutual exclusive categories

gluino mediated
bottom and top-

Event sample legend ]
. A _ squark production:
ZL = Zero Lepton; SL = Single Lepton; LDP = low A, Zee=7->c¢e'e; | Zmm=17-> I';
signal sample top & W+jets control QCD control Z to vv control Z to vv control
sample sample sample sample
ZL SL LDP Zee Zmm
' } g Loose 3
Npjer=1- | S b-jet S
: | T tagging T
E,miss axis E;™sS axis E,miss axis E;miss axis E,miss axis
ZL SL LDP .
‘ Bin Hr (GeV)  E;™=(GeV)
2
ijet =2 gi 1 400-500 125-150
R o (HT1) (MET1)
(HT2) (MET2) A
5 EmlS
L st LDF 3 800-1000 250-350 A¢ -l Slw
0 (HT3) (MET3) i
x .
Npjet> 3 S 4 > 1000 > 350 Admin = min(A¢; /oas.i)
T (HT4) (MET4) oags = arcsin(or, /MET)
E;™sS axis E;™s axis E;™ss axis
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Use global fit to extract contributions from different backgrounds
and compare predictions to data in bins most sensitive to signal

CMS Preliminary, le =194 fb", Vs=8TeV

Events / bin

80r

60r

AQ e

20 E—

Ny = 2, MET4

100 -

++

HT1-
HT2 -
HT3 -
HT4 -

No evidence for signal

Ny = 3, MET2
! ! I I

1N
o
o

Events / bin
w
an
o

w

o

(=]
T

DBQf ]
200} o
100+
DO
Gt
rTEEE

Prediction and observation

Events / bin

— Full fit -*-Data
N, = 3, MET3 N, > 3, MET4
T T 1 c T T 1
Ko}
L s T [ | Sm—
€
40 N || — q>) 1 6 ..........................
i
35 [----- I -- ---- - 14 R ——
30 RN | —— . ‘] 2 T —
1] S — 10f- | ]
D0F ] IS
15+ 6F- | 1]
10F-meee ] A }_
5 I -+- d 2 - ...+
0 1 1 | _IL 0 | | | |
- N ™ < - N M
FEET  EREE

;1000 Wlm
8 L CMs F‘rehmmary 1
§ 900 - \s=8TeV —— Observed .
- i sy |
E 00| Moriond 2013 Observed -1 305", -
9 700: . \;— Expected
600"- e - .
500 AR
400 N HE -
SIHE
300 I =
[~ SUS-12-024 O-lep (E,+H,) 19.4 1b" 1!
200 E d s -
E — SUS-12-028 0-lep () 11.7 b” b ' .
100 :
—llllllllllllllllllllllllllllllglll%ll ! l
gOO 600 700 800 900 1000 1100 1200 1300 1400 1500

g g production, g—> bb¥y x

gluino mass [GeV]

Excluded Gluino masses of 1.2 TeV for LSP masses upto 600 GeV
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Gluino Mediated Stop Production N

Two LSPs (X0,) : Large MET - T
g-g production, g— tt )

; TI!T] TYIIII l‘[TaIl[l IIIII‘IIATTI 'I’TJTI] IIAY!
() - .. N
G 800~ CMS Preliminary — SUs-12-024 0-lep (¥;+H,) 194 o™
) - — SUS-13-007 1-lep (n  >6) 19.4fb" -
8 700k \s =8 TeV — SUS-12-017 2-lep (S::b) 105"
£ 7991 Moriond 2013 =B
& - —— SUS-12-026 (MultiLepton) 9.2 fb™" -
- - —— Observed
600 us o
Observed -1 “fm;y L

ool

B0 lepton 5 : _
“1lepton I\ 1-lep+bi26jets
il P i .
12 lepton . Bk - o .
200} H! I I =
M 3 lepton ;. i - .
B4 lepton 100i- O-lepton+b T IR -
'151. éll 15111[111:211; - 11'11;
Searches performed in the final 00 600 700 800 900 1000 1100 1200 1300 1400 1500
. . lui G
states categorized into O, 1, gluino mass [GeV]
SS/0S 2-leptons, multileptons m_LSP>0.6 TeV

m_gluino>1.2 TeV
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Searching for Dark-Matter

O Dark matter can be searched for LHC < J Féng 0801.1334v2

0.01 y—r

* Probably produced in pairs ’ aoon
 WIMP “miracle” e

» My ~ 10 — 1000 GeV to get Qp, right

Oa vV ~ 4t02/Mp? !

Increasing <o,v>

Q Ifitis produced at LHC in pairs
one must find the trigger
« Initial state radiation: y+MET and jet+MET

O Same final state can be used to search for a ::3-3 T

number of interesting phenomena ‘ /T (time ) .

 ADD Larg Extra Dimensions G q

* Unparticle models

 Light Stop B B

« Anomalous TGCs (y+MET) X X
q X q X
Monophoton + MET Monojet + MET
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% 107EII(;AIAISIF;III.I.“III-Z—’VV datad ven cr'10.27_i T T T T TTIrIr T T T T TTIrIr T T T T Irrr
- reliminary s
2 L ootV = " backgraund £ 10%F CMS Preliminary —— CMS 2012 vector  —
g E det=19.5fb-‘ I:l t d l E ‘2. . - r S = 8 Tev 11— CMS 2011 VedOI ]
modeils 103 — — CDF 2012 —
10° = [ Jacp — c
= Izt = o = J =195 —— XENON100 2012
wifae, T e o BI0TE oAt S
03: _______ UNP d,=17, A, = 2TeV 3 (% - = SIMPLE 2012 B
e 05 CoGeNT 2011 g
L ! 10%L === CDMSII 2011 B
= 9 o . - CDMSII2_010 _;
=3 O jpel— '
= c i
7| 8 o
300 400 500 600 700 800 900 1000 6 =
ETSS [GeV] g 1042
a O 1 I, ] L2104 =]
L | CMS Preliminary ] _ Spln Independe -
% 7; _[Ldt=19.51b".\s=8TeV - 10-48 | Ll Lol Lol
b 6: CMS Monojet (LO) 8 TeV 1 10 102 103
EO E -------- CMS Monojet (LO) 7 TeV, 5 fo’ E “ﬂx [GeV/ C2]
5 k@ e LEP -
: 90% CL upper limits for Dark matter mass

_MP12 s MD¢5+2R5
Mp< 5 TeV excluded for ADD n=2
Mp< 2.9 TeV excluded for ADD n=6
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Excluded MJ™" (TeV)

4.5

Microscopic Black Holes

Smoking gun signature of TeV scale quantum

gravity

BH produce large number of energetic objects
Search for deviation in ST distribution in bins of
object multiplicity (N at least > 2)

S, = scalar sum of all objects with p;>50 GeV+MET

Use ST spectrum from N=2 to predict QCD
background at N=3,4,5,6,7,8,9,10 where signal

would be present

CMS ys = 8 TeV L=12.1fb"

. BlackMax

| —e— Nonrotating

~ --=- Rotating

B Rotating (mass and angular momentum loss)
—IlllIIIIlIllIIlIIIIIIIIIIlIlIlIlIIIIII
1.5 2 2.5 3 3.5 4

4.5 5
M (TeV)

Brookhaven Forum

CMS ys = 8 TeV L=12.1fb"

E . Multiplicity N > 8
8103 - + Data N Z 8
- F — Background
2 [ Uncertainty
s L L. Mp,=1.5TeV,M""=55TeV,n=6
i, B

102 - Mp=2.0TeV, MI"=5.0TeV,n = 4

— My =25TeV,MI"=4.5TeV,n =2

'I.r|__l il

H ] T,
= Bitjer
lllllllllllll1_lJLLI|!;l

10
e
CMS ys = 8 TeV L=12.1fb"
i N > 8 Multiplicity N > 8
B - = Qbserved
B Expected + 1o
------- Expected = 26
1073 =
10-4 | 1 1 1 1 | 1 Il 1 1 | 1 1 1 1 |
2000 3000 4000 ~ 5000
ST"‘"‘ (GeV)

Suvadeep Bose

2500 3000 3500 4000 4500 5000 5500
S, (GeV)

 No excess observed in
data

0 Set model independent
upper limit on the
minimum BH mass of
4.3-6.2 TeV




N

« ”"Simple” procedure:

1. Reconstruct pairs of high-pT objects: jets, leptons, bosons,

2. Look at inv. mass tails for deviations from smooth SM backgrounds.

3. Interpret (lack of) excess within (simplified) BSM models: Set limits to New physics

10 . : . : . . : . CMSPmImImry jLOl zom fa =0 Tav

> IOBI

CMS Praliminary, 19.5 f5”’ at 18 = 8 TeV

T = &
) g 3 1>107 T
— CMS Prefmicary, 8 TeV. 2060 3 5 T o © — > AL AR RS 4
9 IDf'r u “ A ¥ S - 18,00 [ n-auooav.n;. .oco 8 ooiets N >1 O SigeTor
8 o'k P - —— W o M=500 GV 10* e PRRCIARAAE
= ‘0‘!- D)‘,’Z-ql'l' F E| 8105 lﬁ —ml-hp[jw>n WM nee T ]
o E . £ g0 i JES Uncortoity ] e V 8 - t_b W na0TH ]
u>" -ILM,WW.WZZZ.n I—’ E !_ -~ /Il l, jets lﬂv -> o0 ~ IO - :-_,::::1": 1‘
D}Ols[dﬂ) S 100 - wiaTen E = .g 10° P55 Whoatality N
|o‘i 1- G>) = ]
10‘:- AIC(!.GY-V)-'_‘ -: w10 E
10 ; » s l".\‘ i 1 |
107 r%‘sup;:::"':n;usm h j 10" E
W F 54\25 Wyl<13 . B
TOTE m, > 800 Gall |, vice sas = o 2
o S  Eoet S z 0
z e
& E—‘_'.."JT_.'_ E g 2 i L L i — -
1000 B TS e 500 1000 1500 2000 2500 3000 3500 400
miu'’) [Gev] ' Dijet Mass (GeV) ' M(tb) [GeV]
’ 6t -’g |°Lr‘,_,_,_r._,,]_,,__,,_‘,_,r,_,,.,,.Y,.._.,...,.-._"_,Yjé‘ relimina 20 fb™, 2012 ls 8 TeV CMS Preliminary, 19.6 1 8l (£ = B ToV
T E| k Preliwinary atring 1 N cnrmnenes Observed » o - T
3 =107 . s * Exohied Quark j_' L AN 7~7W:2§t:$¥ > v ﬁ 10 _TheayM s<My,
- =T r VEnBTOV Le 196 m' AnguonColoron 110 ol N L Expested 955 CL limit . _Theory M, E
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BSM/Exotica: Outlook for Run2

Muon pT: 249.0 GaV
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{ /.
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= ;
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e "/

pIMET. 2386 GeV

— — " ortey CMS Exporiment at LHC, CERN - - o S /
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Slide Courtesy: S Lee
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Higgs Results
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Y Gluon-fusion: dominant

T T I T L] T
\s= 8 TeV

o(pp = H+X) [pb]

Brookhaven Forum

L1
180

| L1l

1
| Illllll

LHC HIGGS XS WG 2011

1
LHC HIGGS XS WG 2012

| lllllll

|

Higgs BR + Total Uncert

1 IIlIllI

|
200

M, [GeV]

VBF & associated prod.: harder H, more jets

«Cleanest» channels: H — v's, leptons
Large x-section channels: H - WW, tt,bb
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N

Mass |N events
125GeV signature S/B . Good For
£ g / Resol. |in 20fb
i ~10N°>
H— b b two b-.jets, ZorW, low 0% 10 c?uplir\gs to
bb inv. mass 0(0.1) ~50 (sel) ermions
low ~10% .
H —TT had tau, leptons, MET 15% couth‘gs to
0(0.1) ~40 (sel) fermions
two leptons with . 103 -
H—WW opposite charge medium ) 10 cross section, BR,
MET 0(1) ~120 (sel) couplings to V
H _}vv tW(? p.hotons low 204 300 H mass, .couplings
peak in inv. mass 0(0.1) ~400 (sel) | Kk discovery
four leptons wi.th .right high 10
H —bzz charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 ~12 (sel)

Brookhaven Forum
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CMS Preliminary fs=7TeV,L=561fb";ys=8TeV,L=19.6 b . - _ 4
> 3BT T T T T T 20 breliminary NS T (@) Tev. L2 S (000
8 - * Data 4 > -
C 1 © -
« 30F B z+x =4 Q. T
- C . ] N100_— ® /W 4e:8TeV/7TeV
..g 25: |:|Z~{ ZZ ] EN i ® /W 4u:8TeV/7TeV
g r |:|mH=126 GeV] 80_— ® /W 2e2u:8TeV /7 TeV
N} r 1 L
20 : i
- Clean signal - R
15E [ peak at i T 115
C ~ L o i
: 126 GeV ) 1,
10 i = |
C - . 1 -5
. 20_ —
SF Cooolome b ol O L 11y
118 = 1 40 50 60 70 80 90 100 110 120
Higgs Mass 0 m,, (GeV)

CMSPreIlmlnary is = 7TeV L<51fb Vs=8TeV,L<19.61" 80 100 120 140 160 180 .
TSz [ G | m, [GeV] Slgnal strength

o= FH _) ZZ = Combined
£ o ——H->ZZ->4e 1g CMS Preliminary Vs=7TeV, L=5.1b" (s =8TeV, L= 19.6 fb”
< E _H%ZZﬁq‘l E g 10_127_ N 12:|\|||\lll‘\||\‘||\\||\l||\\||‘\||\‘I||\|II\I|\\II7
8 —HoZ oz | §10'§§: 10F WeswcL
7t E 318_@: e [eswcL
6F y. §10'5§ 77777777777777777 ok o bestfit ]
2 £ =10°%F 3 - .
5: 1 107F i 4 - SM =
4P S 10°F LR T oF E
e E 109 A fo o £ £ o N T ]
i ; 10" F LT = oF =
2k B 10" - = c .
15 1 10'1§ = U oMsPreiminay ; -2r E
g ] 107 F Hozz-a | ab B
.\MJ/ ........... ] 10ME N =TTV L=san! 4 ]
922 124 128 130 132 101°E =8Tev.L=106m" : -6F H =
'16:II|IIII|III1LII\\|I\\I|IIII|IIII|IIII : H :
| my (GeV) 10" 410 120 130 140 150 160 170 180  -8lesciowdecdiniliiiii.d el
m, [GeV] 1 0 05 1 15 2 3 3 f
m = 125.8 £ 0.5(stat.) £ 0.2(syst.) GeV :
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CMS Experiment at LHC, CERN
Data recorded: Sun May 13 22:08:14 2012 CEST

= Two energetic isolated photons

= Very good mass resolution

Run/Event: 194108 £ 564224000
Lumi section: 575

MVA y ID

= Backgrounds
* Direct yy production
 Fake photons

* Two independent analyses
pubic with full data

v

Cut based(CiC) y ID

Categorization
on diphoton MVA

v

v

Categorization
onn/R9

\J

Mass factorized MVA
(main analysis)

Exclusive categories
(jets,leptons,MET)

Exclusive categories
(jets, leptons,MET)

Brookhaven Forum
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20000 Cus prefimnary | - Daa
G [ Vs=7TeV,L=5.11b" (MVA) S+B Fit ]
L - s=8TeV, L=19.61b" (MVA) DB:‘?’ Fit Component ]
:4000_ =20 4
2 :
83000/ ]
23000 .
w i —
B ]
£2000¢ .
o) r -
2 _
1000} E
m -
+ r *
12 C ]
B 0 PRI YT B TS S S TS S '
% 110 120 130 140 150
m,, (GeV)

Peak visible @ ~ 125 GeV
Expected 4.2 o ,Observed 3.2 ¢

Local p-value

4 CMSNs=7TeV, L= 5.1 fb'\s=8TeV,L=19.6 b’ 2.5¢
SRR RN RAREN AR ..,;u.,.. T gz-CMSprellmlnary Dman-u
i T | b Lé “\s=7TeVL=511b" :
= s { Amo = 3 -
101 H W ) :,_5_ \s=8TeVL=1961b
S L L, EF |
. .._': 1M 126 — e
2L i 3 F
10 o 3 -
| ‘3 o5
- ; p-Va ue *] 3
109~ v = o
-~ ) ., . s E _05:'_ N
-4 "\. ™ o _ E H '
104 " —wa 3, A .
- - — G - H
R T === Exp.forSMH | - +0 28 i
% 1 T \s=7TeV _ -15 lL 0 78 20,26
E CMS prellmlnary (MVA) —8TeV 3 ':‘ i i l i [ i l
lllllllllllllllllllllllllllllllllll - 0 115“ 1m 1§ 130 135 i 140 145 A

110 115 120 125 130 135 140 145 150

Difference between the analyses
> Due to fluctuations of the large

background

= Signal strength compatibility

estimated with Jackknife

resampling within 1.50
(for both 7+8 TeV
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CMS Preliminary

m,, (GeV)

\s=7TeV L=5.1fb"

Signal strength

CMS Preliminary

[}

Vs=8TeV L=19.6f"

150

Ys=7TeV L=5.1fb"
{s=8TeV L=19.61b"

| I
T r
;1‘ A m,=125.4+0.8 3 [ o Best Fit
S F g 4
e =1 r S —1c
5 — Stat + Syst C
C r - 26
Fo\ Y e Stat Only 3
4 L
C Py
3_— C
r 1
o -
C o
1F c T u =148
L F qqH+VH
C A P agHHH = 052
O_Illlllll IIII\\ll _IIIIIIIIIlIllllIIII\Ill\lll‘ll
124 125 126 127 -1 0 1 2 3 4
m. (GeV) H oghtin

Mass = 125.4 + 0.5(stat.) + 0.6(syst.) GeV (MVA)
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H->WW->2l2v

ded: Thu Apr 19 09:14:14 2012 CEST
760

= Two high-p; isolated leptons and moderate MET
= Split data into two categories
- Different-Flavor (DF), Same-Flavor (SF)
- No jet, 1-jet (VBF is not updated for Moriond)
= Two approaches: cut-based and shape-based
Use 2D (M,,— M;) to separate signal from

1 background for DF shape-based analyses, counting

method for the rest; M; \/gpﬁrﬁ MET cosA¢gr vET
30

LI L L N L L L B L B L B B B

o f @ 30r —
g 350 :— - data -_— m,‘='125 GeV CMS Preliminary—: (% F 7 8 r \2’5 TP;‘e,!T::gqu + Z::::
PN S RV e fS=8TeV L=1050" F  5Y 2L — observed CMS preliminary 8 o5 \s=8Tev.L =185 — njection m =125 GeV _|
T 3000 gz ww 27TV L=490" 5 | - medianexpected H—» WW - 2i2v (shape-based) ] E Ve [ iection:s 1o
2 - XX stat@syst. ojetep | 5 [ Mexpectedt 1o L=49'(7Tev)+195f" 8TeV)| D [ [ ] niection= 20
§ 250 - = 10k expected + 26 | ‘» 201~ —
S Clear excess visible { = ™f g
- | -)‘ L 15} -
150 o=y 1 o (I B
- o o 100 ]
100 :I. §$ 4 » -
50 f—_ L - 107 g O E
8 ¥ : g ; - .
L et gl ] o b Ill‘\llll\lmllll'l: C . -]
0 O Lo PRI LY ‘...l....l....J.....lnulnuim
, 28 110 200 300 400 50060  {oo 200 300 400 500 600
2 F .
Z 5t Higgs mass [GeV] m, [GeV]
= 15 E > N H
% . 1 —.\..»m w\\\}*\*\\\\i*\ AN &\%
S 08t Exclude 128-600 GeV |5.0 o expected , 4.1 o observed
0 300 " .
. at 95% C.L Second most sensitive final state!
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CMS Preliminary, \s=7-8TeV, L=243 fb!
T T T T v
25 1.0

L €-1L,e-T T T Ty

- .

—@— Data - Background
@888 Exo Uncontainty
Z SM Higgs (125 GeV)

[1/GeV]

) 05
E 20 N
£ i
e} [
2 15F
L 100 150
% ! m,, [GeV]
9 [ -
< 10 i —e— Observed E
% L “Z-~~ SMHiggs (125 GeV) 1
- Z—tv i
= 5[  — .
i @ oloctroweak
g [ C—aco
0 C A -
0 100 200 300
m,, [GeV]

1-jet and VBF categories
for ey, ey, y1,,, @and 1,1,

my = 120%9, (stat+syst) GeV
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= 4.0 N T T T T T T T T
bw [ —— observed ]
© 3.5 —— expected .
c - [ + o expected .
_.,2 3.0 F [+ 20 expected :
£ C 3
1 25F .
S Broad excess /
% 2'0 - N =
o " —

15F

A(-nL)

CMS Preliminary, ys=7-8 TeV,L=243fb " H> 1

1.0 .
0.5 ;
0 L L L L I L L L L l 1 1 1 1 L l:l
110 120 130 140
m [GaVl
CMS Preliminary, {s=7-8 TeV, L=24.3 fb", H—1t
4,0 T T T T l T L] T L] I L) T T T l T L)

—e— observed
— H(125 GeV) expected

[ + 1o expected
+ 26 expected

140
m, [GeV]

130
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CMS Preliminary, H—t 7, L=24.3 fb™

1 Ll Ll Ll L} Ll Ll LJ Ll Ll L] Ll Ll Ll Ll
3 T T T ! 1
2 10" “
c—c: 2 20
T 10 -g
o
~10° 30
104 p-value
4o
10 —e— p-value observed
T P E— p-value expected
50
107 E %
10‘8 A A L A l A L A A l A A A A l A A
110 120 130 140
m,, [GeV]
CMS Preliminary, H—tt, L=24.3 fb™ m, =125 Gev
v 1 ' : i 1 4 ' ' I
e Hu
__Signal strepgth
*> ToTh
._._ Ht,
> VH-tt+l
—'— Combined
L l L : L I L L L I
0 2 4
best fit for c/c
u=1.1+0.4 s
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at 125 GeV SUE NN e i
. oS -
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I‘L - 1°3 7 — 0.67 103 “
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a {s=7TeV,L=51b"
Z(v)H(bb) 10 {s=8TeV,L=12.1fb"
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lll_lllll. .l.l.l. -6IIIIIlIIIIlIIIIIIIIIIIIII
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Summary of all channels

Decay |Expected| Observed
H->ZZ 710 6.7 0
H-=> vy 3.90 3.20
H-> WW 5.30 3.90
H->bb 220 200
H -2 1t 260 280
H->rttand| 340 340
H-> bb

@ will be updated by LHCP

Brookhaven Forum
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Combined significance (local p-value):

CMSPrellmmary |s 7TeVL<51fb !s 8TeV L<122fb
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Spin parity

O So far we know the observed particle (assuming just one particle)
» Xis a boson (decays to vy, 4l etc)

= X can not be spin 1 (decays to yy + Landau-Yang theorem)

= X can not be 100% 0O- (from 4l correlations) [PRL 110, 081803 (2013)]

O Further tests in ZZ(41) and WW(lvlv) channels with full data on a few
reasonably well motivated JP hypothesis (“pure” states only) w.r.t. SM Higgs

- Using kinematic distributions to distinguish o 7
different signal models o ob 2 8 v E
— Probe different amplitude structures - - =0 m, =126 GeV ]

« Test compatibility of data with distinct mode 5_ Eﬁf’f” —

(Neyman-Pearson hypothesis testing) sF E
» Null Hypothesis always SM Higgs ]

o Discriminator D  to separate SM Higgs 2F

hypothesis from alternative hypothesis

o Discriminator D, , to separate SM Higgs frc E
o

backgrounds 0 0.10.2 03 04 05 0.6 07 0.8 09D1
.
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Spin Parity (combination)

CMS preliminary Ys=7TeV,L=51fb" ys=8TeV,L=19.61fb"
rrrr1yrrrrrryrrrrryrirnorTd L L

- N L
IP pI'OdUCtlon comment & 0.1r 2.0 R
0~ 9¢ — X pseudoscalar % o8 o osn) -
0, g¢ —+ X | higher dim operators | § |
2mee | 88— X minimal couplings =% i
20 | 99— X minimal couplings 0.0af .
1- qgq —+ X exotic vector ok }
1" g7 — X exotic pseudovector T
930 - 0 20 30
O Expected results with p=1~ 2xInL,, /o)
2z WW Comb  ops. value weaker than exp.
6.8% 1.4% 0.2% for WW due to best fit uy < 1
O Observed results at measured p
Zz WW Comb  ops. value better than exp.
1.4% 14% 0.6% forZZ due to a fluctuation

The observation is well compatible with SM Higgs expectations (07)
O Data disfavors the 2 (gg) hypothesis with a CL, value of 0.6%
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O Signal strengths are consistent with SM prediction

Combined
u=0.80+0.14

H— bb
nw=1.15+0.62

H— 1t
1w=1.10% 0.41

H— vy
w=0.77+0.27

H— WW
u=0.68+0.20

H—- ZZ
n=0.92+0.28

\s=7TeV,L<51fb' \s=8TeV,L<19.6 b’

CMS Preliminary m, = 125.7 GeV
pg,, = 0-65

11 11

Best fit 0/(5

u=0.80£0.14

Brookhaven Forum

uVBF,VH

CMS Prellmlnary |s 7Tev L<51fb \s=8TeV,L<19.6fb"

6 ' | |

|||||||||

+ Ho1
i + H-WW
i + H->2ZZ
41 4+ H-bb
i + H-ovyy
0 v -
1 1 1 1 l 1 l 1 1 1 l 1 l I 1 l 1 l
-1 0 1 2 3

The 68% CL intervals MggH,ttH

for signal strength
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The Mass of the Observed State

—_
o

CMSPrellmlnary |s 7 TeV, L<51fb \s 8TeV L<196fb

llllllllllllll

FH— vy + H —ZZ
K, (9gH.ttH),
pW(VBF,VH)

_ Comblned
— H->yy
— H->2ZZ

= N W s~ OO0 OO N @ (0
gy T T rrrrprTey rTrrrrTrrTTrTry ey TI111TTTT

o
LI

H->2ZZ ->4l:

N

Very small systematics due the very good control of
the leptons scale and resolution:
my, = 125.8 £ 0.5 (stat.) £0.2 (syst.) GeV

H -> vyy:

Systematics on the extrapolation from
the Z -> ee to H -> yy (0.25% (e to y), 0.4% (Z to H))
my = 125.4 + 0.5 (stat.) £0.6 (syst.) GeV

CMSPreIlmlnary |s 7TeVL 51fb' \s=8TeV,L<19.6fb"

0/0g),

m, = 125.7 £ 0.3(stat) £ 0.3(syst) GeV
=125.7 £ 0.4 GeV

Brookhaven Forum
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H _) YY + H RN ZIZI | + | C‘omlblr[]edl o
H

2.0_ + H-vy

- + H->ZZ
1.5/ .
1.0 -
0.5/ .
—I | I 1 1 1 1 I 1 ! 1 1 | 1 1 1 | I 1 1

0.0 124 125 126 127

my (GeV)
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Test of Fermion and Vector Boson Couplings N

20 CMS Preliminary {s=7TeV,L<5.1fb" \s 8TeV,L< 196fb CMS Preliminary \s=7TeV,L<51fb" \s=8TeV.L<19.6 fb"
o 1.85 Kys Kfl @ my = 125 7 GeV gz | 0 SMHiggs @ Fermiophobic [ Bkg. only
16F e \ - f //
1.4 ,.o"."// \\ ) g - 15 B | B
n 5 ] TE o5
1.2] i \ i . _ s
1 0:_ 'I \l _: : E / Ho1t1t
Ot L 1 1
0.8 \\ //, g i |
0.6F AN = !
0.4 :_ \“.' \./." o —: 0.5 _
A S . i H— bb
0.2f . ; l
0 Ohl L1 NI B R N I [ ; 08 : O 5 . 1 : 1 5
0.0 0.5 1.0 1.5 ' Ky :

4
<

Including individual channel

F(H->yy) ~ |a ky + B K¢ |? . . -
a/f=-0.2 O Consistent with SM prediction

lesm =0
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Conclusions and Outlook

« CMS has contributed in a significant manner to probing nature at the TeV scale

« CMS have given extensive proof of being able to deliver, at high quality and
over short time scales

» this promises well also for the coming years
« CMS discovered the first fundamental scalar field

« Spin-parity results are consistent with the SM Higgs and disfavor other
considered scenarios; signal strengths are consistent with the SM prediction as
well.

« Mass of the new boson is 125.7 £ 0.4 GeV
 More results to follow later this summer
« Alot of experience with data analyses at Run 1

« Rather complex searches, pushing capabilities of the hardware to its fullest (but
still a lot of things can be improved for Run 2!)

* No evidence for physics beyond the SM so far — searches will continue

* Is new physics that control the Higgs mass is right around the corner? Or do
we live in a very unnatural Universe?
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Backup:Comparison of latest CMS & ATLAS resultsN‘

ATEAS —" Inclusive (o) Signal Spin/
Channel Lumi Lumi Specialty . mass [GeV] | Strength .
[1/fb] [1/b] signature | Obs. (Exp.) ¥ Parity
124.3 +0.6 (stat
mass, 6.6 (4.4) 205 (s,‘s, M ss04 J
H=2>ZZ-4l |4.6+20.7|5.1+19.6 | discovery, 4 leptons
spin/parity 6.7 (7.2) |125.8+0.5(stat) | 0.91+0.30-0.24 J
+0.2 (sys)
cross 3.8 (3.7) consistent 1.01+0.31 J
H- WW - 212y |4.6+20.7| 4.9+19.5| section, | 2 'z’é‘;"s' _
coupling 4.0 (5.1) consistent 0.76 + 0.21 J
.8 +0.
mass, 7.4 (4.1) 126:43)_7 (_fygta" 1603 J
H=vyy 4.8+20.7 | 5.1+19.6 | discovery, | two photons
couplings 3.2 (4.2) [1254:0.5 (stat)| 0.78+0.28-0.26 _
+0.6 (sys)
S hh coupling to two b-jets - consistent -04+1.0 -
fermions 292 (2-1) consistent 1.3+0.7-0.6 -
Hepor ey couplings haigzosmc 1.1 (1.7) consistent 0.8+0.7 -
t0 leptons leptons, MET| 2.9 (2.6) e 1104 -
CMS ATLAS
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