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Lecture 3 : Physics Analyses

Single W and Z analysis
W charged asymmetry

Diboson WY and ZY production
Triboson WVY production
H—Zy
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Luminosity from 2010 to 2012

®CMS performance

®Overall data taking efficiency ~91%

® Average fraction of operation channel per subsystem > 98.5%

CMS Integrated Luminosity, pp

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

N
w

N
o

15

[
o

Total Integrated Luminosity (b ')
w

0
\
G090 )t 0 e ge? o et o€
Date (UTC)

25

20

15

10

Peak Delivered Luminosity (Hz nb)

-
o

CMS Peak Luminosity Per Day, pp

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

10
« 2010, 7 TeV, max, 203.8 Iz ;b
« 2011, 7 TeV, max. 4.0 liz ub
« 2012, 8 TeV, max. 7.7 Uz ub i8
z . "
oy AR
o“o . t;. Yo * 6
a" Iy .
¢ . .
T
5’ & I’
R i
- -
10 ... L 2
; 7
# e .
. » 2 . A s - . .
0
N T T S L Y T -
Date (UTC)



The challenge : Pile-Up

An event with 29 vertices within a single
(not the worst !)

CMS Experiment gl LHE CERN
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The challenge : Pile-Up

20 L Ievent with 20-reconstructed vertices

CMS Average Pileup, pp, 2012, .'s = 8 TeV

60

A ZZ event can be a fake one due to pile-up

Spoil the “isolation” and MET resolution
Additional challenge for H—YY channel,

where the hard-scattering vertex is often
not known well

Recorded Luminosity (pb '/0.04)

picking a wrong vertex would make
the mass resolution worse Q

) 40 N 20 2% 20 29 a0
Mean number of interactions per crossing
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. . . CMS,
Motivation of W and Z production measurement Lé

One of the most prominent examples of hard scattering
processes at hadron colliders

Theoretical predictions are available at next-to-next-
leading order (NNLO) in perturbative quantum

chromodynamics (QCD)

Precise measurements of inclusive cross sections provide
tests of perturbative QCD and validate the theoretical
predictions of higher-order corrections

Additionally, accurate measurements can be used to
constrain parton distribution functions (PDFs)
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PDF

A precise knowledge of the PDFs of the proton is important
in order to make predictions for the SM and beyond the SM
processes at hadron collider

The PDF f(x, Q) gives the probability of finding in the
proton a parton of flavor i (quarks or gluon) carrying a
fraction x of the proton momentum with Q being the

energy scale of the hard interaction

QCD does not predict the parton content of the proton.
Thus, the distributions of the PDFs are determined by a fit
to data from experimental observables in various processes

g
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The general plan for an analysis .

The good event signature to look for
Trigger

Physics object selection

Efficiency measurements

Background estimations

Systematic uncertainties

Theoretical predictions
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A W—eV candidate

CMS Experiment at LHC, CERN
Run 133874, Event 21466935
Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

CMS

Comgact Wuoe Soenosd

Electron p=35.6 GeV/c
ME; = 36.9 GeV
M:=71.1 GeV/c?
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A Z— U candidate

CMS Experiment at LHC, CERN

Run 135149, Event 125426133 —
Lumi section: 1345

Sun May 09 2010, 05:24:09

Muon p=67.3, 50.6 GeV/c
Inv. mass = 93.2 GeV/c?
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Electron ID variables

CMS Preliminary, 1s = 8 Tc\'fl. dt=1961"
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Electron isolations

CMS Preliminary, vs =8 Tc\’.fL dt=196M"
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Electron ID efficiency

Efficency

Scale Factor

Efficency

Scale Faclor

CMS Preliminary, s = 8 ToV, f Ldt=196M
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Muon ID

12 CMS preliminary Run2012A+8 \5=8 TeV
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' . . CMS. !
Inclusive W and Z production cross sections Lé

Data sample : 8 TeV, 18.2/pb

Low PU :an average of 4 interactions per
bunch crossing

Trigger : single electron, single muon

CMS-PAS-SMP-12-01 |

16 2014/417




W MET distributions

Events / 2.0 GeV
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Z mass distributions

Events / 1.0 GeV
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Cross section measurements P |

nData _ NBkg
0O =
A
ata ata ata
(A X €)pme X creco X “gel X “irg * L

‘MC  me

19 2014/417



Systematic uncertainties

W W~ W WY/W- Z W/Z
Sources e Y4 e u e u e U e u e wu
Lepton reconstruction & identification 28 1.0 25 09 25 10 38 12 28 11 38 15
Momentum scale & resolution 04 03 07 03 05 03 03 01 — — 05 03
ETSS scale & resolution 08 05 07 05 08 05 03 01 — — 08 05
Background subtraction / modeling 02 02 03 01 03 01 01 02 04 04 05 04
Total experimental 30 1.2 27 11 27 12 38 12 28 12 39 17
Theoretical uncertainty 21 20 26 25 27 22 15 14 26 19 20 25
Luminosity 26 26 26 26 26 26 — — 26 26 — —
Total 45 35 46 38 46 36 41 18 46 34 44 3.0
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W/Z Results
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W charged asymmetry
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W charged asymmetry

Entries / 2 GeV

Entries / 2 GeV
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W charged asymmetry

Electron Charge Asymmetry
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Motivation of multiboson physics %

The measurements of diboson (WY, ZY,WW,W/Z, Z7) and triboson (WWVy,
WZy,WWW and so on) are an important test of the Standard Model (SM)

Multiboson processes present the primary backgrounds to Higgs and new physics
search

The self-interactions of electroweak gauge bosons are fundamental prediction of
SM resulting from non-Abelian nature of SU(2)xU(1) gauge theory

values of triple and quartic gauge boson couplings (TGCs, QGCs) are fully
fixed in the SM

new phenomena can induce changes
in TGCs/QGCs so that cross sections and :
kinematics deviate from SM prediction R

Events/10 GeV

Standard model

provides an indirect search for Anomalous TGC 1

new physics

0 200 300 400 500
Photon p;
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Iriple Gauge-boson Couplings

* Most general description of the TGC vertex by an Lorentz invariant effective Lagrangian

Lwwv [owwy = ig) (WL WHVY — WIV, WH) iy WIW, VA
. /\V 1,

W

T zm%V AH

. I A SN
+ iRy WIW, VA + ngv Wy Wiv?y Signatures of anomalous couplings

* enhancement of cross section
* large scattering angle = small rapidity region
* enhancement at high Pr

WEVPA — g WIW, (# VY + 07V

AK=K-1 2agi=g’-1

WWZ : a9’ 8K, A,

WWy @ aK, A,

(9:= 1 : EM gauge invariance)
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WY and Zy signature %

WWY vertex is allowed in SM
LY, LYY vertex are not allowed

ISR FSR TGC

CMS Prellmlnary, L=5 fb' =7 TeV
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Measurements based on leptonic W and Z boson decays:
evy, VY, eey, HHY, VVY

for vvy, only ISR diagram exists in SM
using 5/fb of 7 TeV data Z
CMS PAS EWK-11-009 (PRD) and SMP-12-020 (JHEP)

M, (GeV)

FSR Z—lly process provides pure photon control sample

—

photon energy scale and resolution from data
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check photon selection efficiency
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WY/ZY event selection

Wy—=lvy (I = e, Zy—lly (1 = e,
Y=Ivy (1= e, 1) y=lly (1= e, 1) Zy—wy (y+MET)
Trigger Single lepton Dilepton Single photon
Lepton Selection P P
Pr Pr Pt
Photon Selection AR(l,y) > 0.7 AR(l,y) > 0.7
Ny ny I
Presence of v M MET > 130 GeV
- no other significant activity
in the event: jets, leptons.
additional ete.
. no second lepton M - ECAL timing/shape
requirements requirement on photons to
remove non-collision
backgrounds
28 2014/417




- - cMs,
Photon selection efficiency measurements LZ

® ID + ISO efficiency is measured with Z— ee using tag-and-probe method

® Electron veto efficiency is measured using Z— JJY using counting method

e CMS Preliminary 2012 \s=8 TeV CMS Preliminary 2012 \s=8 TeV
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Photon selection efficiency

CMS Prchmmary 2012 \s=8 TeV CMS Preliminary 2012 \s=8 TeV
5‘ 1.1~ L RAAS] RAAAS LARAD LAR) REALS 55 l-lr-”'r' A L LA LA LA RAAL LARAD LALAY AARS
z -00<m’l<08 det: 9620 z - 0.8 <'l < 1.4442 fl.dt: 962m'
5 5 1 , .
& i Ot < - t i —— b v
m : m :
09 0.9 .
—— ! — - .
: e ° - . L —— .
0.8 — - 08+ . .
—— ——
—— |
0.7 v 0.7} .
~o~ Data cfliciency ~o~ Data cfficiency
0.6 Medm Working Polnt ___ . ] 0l Medvm WorkingPolnt ___ 0 0,
N —&— Scaling factor 1 1 ~&— Scaling factor
05 AAAAAAAAAAAA lasaaliasy Lassadaaaslasaaliasy 05 AAAAAAAAAAAA lasaaliasg Lassadaaasdlasaaliasg
0102030405060708090100 0102030405060708090100
E! (GeV) E! (GeV)
CMS Preliminary 2012 \s=8 TeV CMS Preliminary 20I2 \s=8TeV
a l_l | REAAE AR B AN AR RERRE LA T.rv‘r TT a l‘l Ll RARAE AAANRARES RAARE LARES RARES LA i
= i 1-566<'n'|<20 fl.dt: 19.62 fb" ] = 720<h1’|<25 fl.dt: 19.62 fb" -
9 n s & 9 'e
= = ' : =
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Backgrounds for WY and Zy—lly L‘Z

Major background arises from events in which jets,
originating mostly from W+jets and Z+jets events, are
misidentified as photons

| 15GeV <p; <20 GeV, Barrel (a) -

| —e— Data

—
S
]
=)

| —— Signal + background

| —— Background

Use n-width of the photon candidate
as a discriminant and then perform
two-component fit using the signal
and background templates

Events / 0.00075

500

0

loodoobosl
0.01 0.02 0.03
Gi i

Second major background to WY is the processes where an
electron is misidentified as a photon such as Z+jets,W/Z, etc.

Measured in data using Z—ee process

Other sources are small and estimated from simulation
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CMS

Backgrounds for Zy —VVY

® jet—Y misidentification estimated from data using “ratio method” : use QCD enriched
sample to determined the ratio of isolated fake photon to non-isolated fake photon

Nisolated Yy in QCD
NV+jets = X NV+non-isoIated Y
Nnon-isolated Y in QCD

® The residual non-collision background (mainly beam-halo) is estimated from data
® e—Y misidentification estimated from data

® Other sources (WY, YY, Ytjets) are estimated from simulation

\‘ 1. Beclxm Halo M&Jon In;lucled Shower'ds Source Estimate
\ Mostly removed. Residual estimated. — - ,
/ Misidentified jets 11.2+ 2.8
‘-----E(-:;L———-‘\\— __________________ e I Beam-gas processes | 11.1 5.6
Misidentified electrons | 3.5+ 1.5
Wry 3.3+ 1.0
© < vy 0.6 0.3
;',5‘ y+jet 0.54+0.2
\ \ Total 30.2 6.5
ECAL 0 S
—2 ~ Z~v — vvy (NLO) 45.3 £6.9
2. Cosmic Muon Induced :y 3. Neutron Induced Spurious
Showers Signals ("Spikes") data 73
Identified and removed Identified and removed

32 2014/417



WY results
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Number of events

10°

10°}

10}

CMS Preliminary, L = 5 fb” {s=7TeV
: ——— e R
= @ VY
Le- « Data
% L W(avly

[ Jjets — y bkg -

10%}

—

._e—ybkg
. Others

=
=
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&
d

—
B

e e |

20 3040

aal :
10°  2x10?

P! (GeV)

CMS measurement (P

MCFM prediction

37.0 £ 0.8 (stat) + 4.0 (syst) £ 0.8 (lumi) pb

31.8+1.8 pb

Measured cross sections are in agreement
with SM NLO predictions from MCFM
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o(pp — vy) (pb)
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CMS Preliminary, L = 5 fb’
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WY alGC : photon pr distributions

CMS,L=51b " ys =7 TeV
o 1000+ —— Data
LE : B Background
...... o === Standard model
800 T Anomalous coupling;

2'=0.0, Ax'=0.4

600

1 1 I l 1 I ] l 1

"""""" Wiev)y

| l | | l I — l Ll L l | I l L

50 10° 2%10? .
p; (GeV)
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Events

CMS,L=51fb" Vs =7 TeV

1 1 1 1 1 l I 1 1
1000 —— Data ”
- o= B Background )
I Standard model .
3001 Anomalous coupling; _
i A7=0.0, Ax'=0.4 ]
6001 -
400 g -
Winvyy N

*
»>
|

50 107 2%x10° .
p; (GeV)

2014/417



W+Y Radiation Amplitude Zero

® three tree-level processes (s-channel WWY vertex, u-, t-channel W

+ISR Y) interfere with each other, resulting in a radiation-amplitude
zero (RAZ) in the angular distribution of the photon

® NLO corrections, FSR, aTGC and backgrounds obscure the dips

CMS,L =5 fb’ is=7 TeV CMS,L=5fb’ 1s=7 TeV

ﬂ: l"OO:llllillllllllllllllllllllllllllllllllllllllllll: ﬂ: 600- T’lT1Tl'IT'IY17TTYI’YT]’1YTIIYTTII’TYIII’TTIY]"ITTTI’]YT-
3 - - &:Q lg):/:aw( . " (a) i E ~e- Data (background subtracted) (b)
»w L AW eV, UV)y combine § 2 500 s _ —
£ 1000} 77 jets — y bke - = : 8\ SM W(ev, uv)y combined :
8001~ g Other bkg \)&% " - - : X .

- ‘&: RN ) & - : . v :

o L :

= s = - §

; § W, : - \ [ -

i 7 ' 200} £ TN ;

557 v : \‘i :

N 8 % o - | *+ ]

100 ?, i .

: & | “‘i& :

P g ]

()mT1lllll1)111111111111111lJLlllllll lllm

A 1
S5 4 3 2 -1 0 1 2 3 4 5
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ZY results

CMS Preliminary, L=5fb" \s=7TeV

CMS Preliminary, L =5 fb" {s=7TeV
I MCFM (Inclusive) 10‘; ' ]
10 I —e— Z(ee)y (Inclusive) ) . MUY [:g(“')r S
= : i — _&up ol e v e
. = —a— Z(uu)y (Inclusive) _ 103 Lo [ ljets —y bkg 3 10 - ’:d ‘) g:tLAuncuumyon Bkg
fo) B —a— Combined (Inclusive) 7 g Lo~ [ |Other ; Ldt=50M", /s =7Tev | t :’y—c.:w (NLO)
Q _ y : 3 T W
-4 § . L — : 5 o
= 1 5 10°¢ w W Beam Halo
— - - x 10" --= aTGC hj = 0.0025
o !
g— i @ 10F 1078 N
o M S
z 1?_ —g 10’4 P R Rt
102F ‘ =] 200 300 400 500 600 Gmo
20 30 405060 10 Er [CeV]
P}, (GeV)
2
1.5
g L -H—L Iy vy
SO
(]
= sl 5.33 + 0.08 (stat) + 0.25 | 0.021 % 0.004 (stat) + 0.004
CMS measurement . .
0 (syst) £ 0.12 (lumi) pb (syst) £ 0.001 (lumi) pb
>15 > 60 >0 vy | NLO prediction 5.45 + 0.27 pb 0.022 % 0.001 pb
p, (Ge

® Measured cross sections are in agreement with SM NLO predictions
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Wy

evy My

Source (Group 1) Uncertainties Effect from Nyg

e/ energy scale (ez 0.5%; 7: 1% (EB), 3% (EE)) 2.9% n/a

7 energy scale (1% (EB), 3% (EE)) n/a 29%

p prscale (0.2%) n/a 0.6%

Total uncertainty in Ny, 29% 0%

Source (Group 2) Uncertainties Effect from Fs = As - €5

e/ v energy resolution (1% (EB), 3% (EE)) 0.3% n/a

7 energy resolution (1% (EB), 3% (EE)) n/a 0.1%

J pr resolution (0.6%) n/a 0.1%

Pilkeup (Shift pileup distribution by £ 5%) 2.4% 0.8%

PDF 0.9% 0.9%

Modeling of signal 5.0% 5.0%

Total uncertainty in Fs = Ac s 5.6% 5.1%

Source (Group 3) Uncertainties Effect from g,

Lepton reconstruchon 0.4% 1.5%

Lepton trigger 0.1% 0.9%

Lepton 1D and isolation 2.5% 0.9%

E1 selection 1.4% 1.5%

7 identification and isolation (0.5% (EB), 1.0% (EE)) 0.5% 0.5%

Total uncertainty in g4 29% 2.5%

Source (Group 4) Effect from background yreld

Template method 9.3% 10.2%

Electron missdentification 1.5% 0.1%

MC prediction 0.8% 0.5%

Total uncertainty due to background 9.5% 10.2%
“Source (Group 5)

Luminosaty 22% 22%

37

Systematic uncertainties

A

eey Hpy
Source (Group 1) Uncertainties Effect from Ny
e energy scale (0.5%) 3.0% n/a
) pr scale (0.2%) n/a 0.6%
7y energy scale (1% (EB), 3% (EE)) n/a 4.2%
Total uncertainty in Ngg 3.0% 4.2%
Source (Group 2) Uncertainties Effect from Fs = As - €5
e /7 energy resolution (1% (EB), 3% (EE)) 0.2% n/a
7 energy resolution (1% (EB), 3% (EE)) n/a 0.1%
)t pr resolution (0.6%) n/a 0.2%
Pileup Shift pileup distribution by 5% 0.6% 0.4%
PDF 1.1% 1.1%
Modeling of signal 0.6% 0.5%
Total uncertainty in Fs = Ag - €5 1.4% 1.3%
Source (Group 3) Uncertainties Effect from p.g
Lepton reconstruction 0.8% 1.0%
Lepton trigger 0.1% 1.0%
Lepton ID and isolation 5.0% 1.8%
Photon ID and isolation (0.5% (EB), 1.0% (EE)) 0.5% 1.0%
Total uncertainty in p,g 5.1% 2.5%
Source (Group 4) Effect from background yield
Template method 1.2% 1.5%
Total uncertainty due to background 1.2% 1.5%
Source (Group 5)
Luminosity 2.2% 2.2%
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CMS
anomalous TGC results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

L}

LI LI B
ATLAS Limits —

L) T 1 J l L) L] L) L]
ATLAS Limits |

CMS Limits ' . j CMS Limits —
&lg-’ L":vt\il o4 COF Limt —
b | Wy 0.410-0.460 46fb"

: — Z 0.015-0.016 461"

ax, Wy 0.380 - 0.290 5.0 fb" h ' ! s

| ww 0.210-0.220 49" & 0.003-0.003 5.0

« wv 0.110-0.140 501" ' ' 2y ©0.022-0.020 5.1 b

~ DO Combination -0.158-0.255 86 fb"’ l‘é S Zy 0.013-0.014 461"

e LEP Combination -0.099 - 0.066 0.7 fb’’ Zy 0.003-0.003 5.0fb"

k, — Wy 0.065 - 0.061 46"’ . . Zy 0.020 - 0.021 5.1 fb"
Wy 0.050 - 0.037 5.0 fb"’ 2 3

et Y -0.009 - 0.009 4.6 fb

— wWwW 0.048 - 0.048 4.9 b h:x1 00 2 0.001 - 0.001 5.0 5"

— WV -0.038 - 0.030 5.0 b’ . - : S—

DO Combination  -0.036 - 0.044 8.6 fb' Hox100 —t % <0.009 - 0.009 4.6 b

- LEP Combination -0.059 - 0.017 0.7 ft" 4 H Zy <0.001 - 0.001 5.0fb™
2 l 2 1 1 1 l 1 2 1 2 I ) 1 1 2 1 I 1 4 1 ) 1 I 2 1 2 1 A 2 l 2 1 ) 1 1 I 1 2 4 2 I 2 1 2 1 l 1 4 1 2 I 2 1 2 1
-0.5 0 05 1 1.5 -0.5 0 05 1 1.5 x10
aTGC Limits @95% C.L. aTGC Limits @95% C.L.

®To model generic new physics signal, we work with the effective Lagrangian
®Example :WWYV vertex (V = Z,Y)

® The number of coupling parameters can be reduced if one takes some assumptions (e.g.

C and P conservation)
Y

®Use P shape to extract limits on aTGC

0?\Y results competitive with most sensitive measurements
®Results of neutral TGC are world’s most sensitive

®No evidence observed for physics beyond the SM
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

WWY and WZY signature and event selections ’:%

S|
-
2

3 &
e REREREORROREERSE 8

£g 28
54
iies

Measurements based on final state of WVy—Iv+dijet+y (I = e,l)
using 19.3/fb of 8 TeV data
CMS PAS SMP-13-009

T g g e 8 B

——————

single lepton trigger

AANAAANNN

pr > 30 GeV, pr > 25 GeV TGC QGC QED radiation

Minimum of 2 jets with pt > 30 GeV and [n| < 2.4
MET > 35 GeV, AD(MET, leading jet) > 0.4, M, > 30 GeV
pTY > 30 GeV, ECAL barrel only, and well separated from jets and lepton

Exactly one lepton, anti-b tag for jets

An;| < 1.4,70 < M, < 100 GeV,and |M,, - Mz| > 10 GeV
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Backgrounds for WVy

Major background :WYy + jets

Data and MC dijet mass sidebands (0-70 and
100-190 GeV) used to estimate the data-

driven WY+jets normalization
jet—Y :WV+jets
estimated from data using “ratio method”

Others (ttty, t, Zytjets, QCD) are estimated from
simulation

40
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WVY results

<o .
I F L F oror 38
of = i T T T 19,
o =  F 1 2
-
11 e
S l EZEEEE
S s g g8 8 =2 0z i
SoF v oA 4 L LS
n - - - B —. ++ ——
= RN RIS T I Ml
S * s F b 1w - 3%iotonpd?(gtw)
Process muon channel electron channel
number of events number of events
Wry+jets 1369 +354+92+0.0 | 101.6 2.9 4+ 8.0 = 0.0
WV+jet, jet— ¢ | 331+13+4.6+0.0 21.3+1.0+3.1+0.0
MC tty 1254+ 08+29+0.5 91+07+21+04
MC single top 28 +08+0.2+0.1 1.7+ 0.6 = 0.1 +0.1
MC Zy+jets 1.7+0.1+0.1+0.1 1.54+01+01+0.1
multijets <02+0.0+0.1+0.0 72+36+3.6+00
SM WW«yy 63+01+15+0.3 47+01+11+0.2
SM WZy 0.6 +0.0+0.1+0.0 05+00+0.1+0.0
Total predicted | 193.9 £39+ 108 £ 1.0 | 147.6 =48 £ 9.6 = 0.7
Data 183 139
4]

® good agreement between
measurements and predictions

® an upper limit for WWY and
WLZY cross section, 24| fb, is set
at 95% C.L.for pr’ > 10 GeV

® about 3.4 times larger than
SM prediction, 70.3 fb, from
aMC@NLO
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CMS

anomalous QGC results

LEP L3 limits — CMS WWy limits —
i DO limits e CMSyy > WW limits =
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L is =
WWy [ 15000, 15000] 0.43fb” 0.20 TeV D ge———
=
vy -~ WW [-430,430] 9.70fb" 1.96 TeV —
wWW -21,20 19.30fb" 8.0 TeVv
av/ A TeV? ! e
R S vy > WW [-4,4) 5.05(b" 7.0 Tev WWZ
Y vertex
WWy [- 48000, 26000] 0.43fb™" 0.20 TeV
K [-12, 10] TeV
vy — WW [-1500,1500] 9.701b" 1.96 TeV
WWy (-34,32] 19.30fb" 8.0 TeV K [_ | 8 | 7] Te\/
a/A? Tev”? ’
R vy WW  [-15,15] 5.05fb" 7.0 Tev
«
"l’.o,A‘ Tev-4 WWY [' 25, 2‘] 19.301b 8.0 TeV

10°10*10°10%°-10 -1 1 10 10% 10° 10* 10°

Y
®Use P+ shape to extract limits on anomalous quartic gauge couplings

efocus on anomalous vertices that may be associated to dimension 6 and 8 effective operators
W W
®first constraint on the K, and k- parameter of WWZy vertex

®No evidence of anomalous QGC is found
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Current status of EWK production measurements in  [Glus
CMS

July 2013 CMS

- -
Q. - W ¢ 7 TeV CMS measurement -
. 05 L —o—— 7 ® 8TeVCMS measu.re.ment -
J< = , —— 7 TeV Theory prediction =
© - =21 —0—" —— B TeV Theory prediction ]
Eol )
= 10° =) L CMS 95%CL limit
o =2] -~ :
(}D) 10 =3 -~ Wy ;
N e 23] O ZY .
3 102 24) - —O—WWWZ WW
— =4 e e
& T ! = Wz
5 1 ot 2
'g 1 0 jol ‘ -O-.—
= E;" >30 GeV E; >15GeV |
© et :
o 1 n"1<24 AR(y,)> 0.7 :
h [
o- 1 1
; Y L 49f6'  49fb
1 0-1 36,19 pb 5.0fb : 5.0fb 35 by 19.6 fb
JHEP 10 132 (2011) EWICTT.000 EPJC C13 2283 (2013) (WV) SMP-013-009
JHEP 01 010 {2012) SMP-12-006 (WZ), 12-006 (WW7), 13-0052728)
SMP-12-011 (W/Z 8 TeV) JHEP 1301 063 (2013) (2Z7), PLB 721 1080 (2013) (Wwa)
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Higgs production

@ 120 GeV
ag Fusion tt Fusion
g g
I
T A H
[
8 87.4% £ 0.5%
WZ Fusion

Higgs-Strahlung o

10?

=T T ! ' v — T ¥ T T Jx
- 2
-2‘. - o \!§= 8 TeV ;
< | g
:'l": 10 E_ ¥
T -
Q i
&
© 1
107
10-2 E.'_l 1 l 1 1 1 1 L 1 1
80 100 200 300 400 1000
M, [GeV]
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Higgs decay channels

Entries / 2 GeV

«10°  CMS 840 pb' at \Ns=7TeV
e L T T T - T T T ]
e e
6k [nfe)|<02 | [nfe)|<02 |
pe)> 35GeV p,e) >35GeV
A1 ® data o dala 1
4} Ow-sev Ow-ev i
T Bew s
3 ~ Heco Woco
2
1
0% 20 40 60 0 20 40 6 8

45

#,(GeV]
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® First H—Zy measurement at LHC

® Within the SM, the partial width (I zy) for the H—=Zy

decay channel is rather small, resulting in a BR between
0.11% and 0.25% in 120-160 GeV

® The measurement of [z, provides important information
on the underlying dynamics of the Higgs sector because
it is induced by loops of heavy charged particles, just as

H—Yy
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H—Zy o

[ zy is sensitive to physics beyond SM, and could
be substantially modified by new charged
particles without affecting the gluon-gluon
fusion Higgs boson production cross section [ 1],
such as derived from an extended Higgs sector
[2], or by the presence of new scalars [3,4]

M. Carena, |. Low, and C.E.M.Wagner, |HEP 8 (2012) 60

C.-W. Chiang and K.Yagyu, PRD 87 (201 3) 33003

] I. Low, J. Lykken, and G. Shaughnessay PRD 84 (201 1) 35027

] C.-S.Chen, C.-Q. Geng, D. Huang, and L.-H.Tsai, PRD 87 (2013) 75019

WS =
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H—ZY search in CMS %

We look for H— Zy with the Z boson decaying into an electron or a muon pair

A clean final-state with good mass resolution (~1-3%)

Y
leading/trailing lepton py > 20/10 GeV,p; > |5 GeV

Y e 8
In | < 2.5, but excluding the ECAL barrel-endcap transition region, |n | <2.5and |n | < 2.4

m, > 50 GeV, AR(l,Y) > 0.4
m”Y/pTY > |5/110 to suppress Z+jets

m, + my, > 185 GeV
jet jet .,
> 30 GeV and <47
P eVand|n | ' VBF

Zeppenfeld Nz - (N + Np)/2 | dijet
Anjj > 3.5, AG(Zy, jj) > 2.4 | @9

Table 1: Observed and expected event yields for a 125GeV SM Higgs boson.
Sample & Integrated Observed event Expected number of

luminosity yield for signal events for
(fb 1) 100 < myy., <190 GeV my = 125 GeV
2011 ee | 5.0 2353 1.2
2011 ppu 5.1 2848 14
2012 ee 19.6 12899 6.3
2012 pu 19.6 13860 7.0

e Signal yield is similar to H—=ZZ—4l at 125 GeV
e Background processes :

e SM Z+y associated production

e SM Z+jets where jet fakes photon
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H—ZY mass spectrum %

Is=7TeV,L=5fb" \s=8TeV,L=19.6 fb"

O
=
w

1600

—e— Data H—2Zy
—— Background Model
—— Signal m = 125 GeV x 75

1400

1200

1000

800

Events /2 GeV

600

llllllllllllllllllllllllll

400

.....

P00 7110 120 130 140 150 160 170 180 190
m,, (GeV)
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H—ZY event classes

Table 2: Definition of the four untagged event classes and the dijet-tagged event class, the
fraction of selected events for a signal with my = 125GeV produced by gluon-gluon fusion at
Vs = 8TeV, and data in a narrow bin centered at 125 GeV. The bin width is equal to two times
the effective standard deviation (¢.4). The expected full width at half maximum (FWHM) for

the signal is also listed.

Data
Signal
Oeti (GeV)
FWHM (GeV)

Data
Signal
Cotf ((;cv)
FWHM (GeV)

Data
Signal
et (GeV)
FWHM (GeV)

Data
Signal
et (GeV)
FWHM (GeV)

Data
Signal
Cert (GeV)
FWHM (GeV)

ecer KR Y
Event class 1
Photon 0 < [y < 1.44

Both leptons 0 < || < 1.44

Photon 0 < [y < 1.44
Both leptons 0 < || < 2.1
and one lepton 0 < || < 0.9

Ry > 094 Ry > 0.94 o
17% 20%
29% 33%
1.9GeV L6GeV
45GeV 3.7GeV

Event class 2

Photon 0 < | < 1.44 Photon 0 < [y < 1.44

Both leptons 0 < || < 1.44 Both leptons 0 < || < 2.1 [ ]
and one lepton 0 < || < 0.9
Re < 094 Re < 094
26% 31%
27% 0%
2.1GeV 1.9GeV
5.0GeV 4.6GeV
Event class 3 [ ]

Photon0 < | < 1.44
Atleast one lepton 1.44 < || < 25

Photon0 < | < 144
Both leptons in [y) > 0.9
oroneleptonin2.l < |y < 24

No requirement on Rg No requirement on Re
. 26% 20% ®
23% 18%
3.1GeV 21GeV
73GeV 5.0GeV

~Event class 4

Photon 1.57 < [p] < 25
Both leptons 0 < | < 24 o
No requirement on Rg

Photon 157 < [y < 25
Both leptons 0 < || < 25
No requirement on Ry

31% !
19% 17%
33GeV 3.2GeV
78GeV 7.5GeV

VBF class
Photon 0 < [g] < 25
Both leptons 0 < |y| < 24
No requirement on Rg

Photon0 < [y <25
Both leptons 0 < |p| < 2.5
No requirement on Rg

0.1% 0.2%
1.8% 1.7%
26GeV 22GeV
44CGeV 3.8GeV

50

Events are divided into 5 mutually
exclusive classes

4 classes based on the expected mass
resolution and signal-to-background ratio

the 5th class is the VBF di-jet tag

The search sensitivity is enhance by
20-40% by using the first 4 event classes

A 10-15% increase in sensitivity is
obtained by adding di-jet category
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H— ZY Background and signal modeling
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Systematic uncertainties =

Source Uncertainty

luminosity ~~~~ 202% 44%
trigger efficiency 05-35%
POF 0.3%-125%
Higgs branching ratio fraction prediction 6.7-94%
pile-up modeng 0.4-0.8%
lepton efficiency/energy scalefresoluon 0.7-14%
photon efficiency/energy scalefresolution 0510%
dijet selections (Jet ID, JEC, JER, UE) 88-285%
event migration between the first four classes ~ 5.0%
event migration between dijet and rest classes ~ 5.1-9.8%
signal modefng . 1050%
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H—Zy limits
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® the observed and expected limits for myy at 125 GeV
are within one order of magnitude of the SM prediction
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H—ZY limits
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® Excludes models predicting 0xBR to be larger than one order of
magnitude of the SM prediction for 125-157 GeV mass range

® Models predicting significant enhancements for 'z, with respect to the
SM expectations due to a pseudoscalar admixture are now excluded
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CMS

Summary

The electroweak measurements and the
search of rare Higgs decay are presented

There are a lot of more physics analyses out
there to be done
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g

About discovery new laws

® “lt does not make any difference how
beautiful your guess is. It does not
make any difference how smart you
are, who made the guess, or what his
name is ! If it disagrees with
experiment it is wrong” R. P. Feynman

® Please come to join us !
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