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* CMS detector

* SM Higgs @ LHC:
* Production,
* Decay.

e H2ZZ=> 4/
* MC Simulation

* Muon Selection

* Recoand ID

* Particle Flow isolation.
* Event Selection.
* FSR Recovery
» Systematic uncertainties
* Results

* m, spectrum

* Event Yields

* limits, p-value

* mass mesurement




CMS

SUPERCONDUCTING
COIL

Total weight : 12,500 t
Overall diameter : 15 m

Overall length : 21.6 m g
Magnetic field : 4 Tesla

TRACKERs

CALORIMETERS
ECAL Scintillating PbWO, HCAL Plastic scintillator
Crystals |, ! . | brass

g | ‘ | i sandwich

IRON YOKE

Silicon Microstrips
Pixels

ni<4.9 : EM Calorimeter
g /E~ 0.03/JE + 0.003

ni<4.9 : HAD Calorimeter
0 /E=10/JE+ 005

27/6/13

MUON BARREL |

q . . _ :

‘%E R 1 e
—__ — = — ~ siri

Drift Tube Resistive Plate Cathode Strip Chambers (csQ

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

Ini<2.5 : Tracker ni<2.4 : Muon spectrometer

0 /pr=~10"*p. B 0.005 0 /pp=0.10 (1TeV muons)

ICTP Higgs & BSM Workshop -- Ahmed Abdelalim 3



[

4\ SM nggs @ LHC: Production
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102§ | 3% |8 g q q/
g - \F =8TeV %
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- 1 Transition for VBF at M,=300
[ 71 GeVat8TeVisdueto change  H
107 = from ZWA to complex-pole-
C scheme
- — g ,'
107 | | 3
80 100 200 300 400 1000
M, [GeV] *linear combination of scale and PDF uncertainties
for m =125 GeV | ggF VBF WH ttH
Xsec (pb) | 8 TeV | 19.52 1.578 0.6966 0.3943 0.1302
7 TeV |[15.32 1.222 0.5729 0.3158 0.0863
Error* 8TeV |+14.7% | +2.8%/-3% | +3.7%/-4.1% | +5.1%/-5% +11.6 % /-17.1%
7TeV | +14.7% | +2.8%/-2.4% | +3.7%/-4.3% | +4.9%/-5.1% +11.8% /-17.8%

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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SM Hig

gs @ LHC: Deca
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Total width (I',)= 4.07x% +4.0% -3.9%
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* Very clean channel

* Requiring the highest
possible efficiencies
(Reco/ID/Isolation).

 Small BR (oxBR=few fb)

o (pp—~H—-ZZ"—-4) [fb]

Background
* Irreducible: ZZ production
* Reducible: Zbb, Z+jets, tt
+jets, WZ+jets
* In 4u channel, the
contributions of Z+jets, WZ
+jets can be neglected.

Production cross sections
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a7 VN _ CMS, 1
eLwa 2 Background Estimate (Z2) =
UNIVERSITS F—

A

Irreducible background (ZZ) (from simulation)

* Phenomenological shape models

* Events yield uncertainty related to PDF+a, and QCD scale evaluated
using MCFM

* Corrected for data/MC differences
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Background Estimate (Z+X)
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Reducible background (from data) Z F Pt Feat ]
g .. S o7p +1L Reglon =
* Measure probabilities for lepton mis-id s ¢ —=— Muons - Barrel E
.. 5 06 —=— Muons - Endcaps B
* Z=>Il + leptons from b-decays or from mis—id ¢ .= E
of light jets 8 o4t E
* Control samples: § o3 =
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o_lllllrlllrlll‘ll\|IIII|IIII‘III\|II 7
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. . T
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. . . . > 120 T T T T T e
* Events yield extrapolated in signal region - rtr Paton (F) ]
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Muon Selection

A

Good Muons: for baseline selection

In|< 2.4

pT >5 GeV

Rely on information from both the silicon tracker and muon
system. Matching can be either “outside-in”, "inside-out”.
Passing the Particle Flow Muon ID (see later),

Relative PFlso < 0.4

Significance of the Impact Parameter = IP/o,< 4

FSR photons recovered.

Loose Muons: for reducible background estimation

Have relaxed criteria on PF ID and isolation

27/6/13
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CMS
Muon Reco. and ID P
>~ i ™1 : i
Muon ID: § 1 f |
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/"y —uu ;
detecjcors L 06 e .
Exploit also tracker-based I é |
muon ID 0.4 E—

o g 5 5 <1
Efficiency is high down to 0ok o Data, 2012 | -
pT:S GeV L I I Simulation

CMS Preliminary, \s =8 TeV
Controlled in data with J/{ Ol e T
678 10 20 30 40 100

muon p, (GeV/c)
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Particle Flow Isolation

e Summing energy g HCAL

A

deposits from photons, e | Clusters
neutral and charged hadron } . P ﬂ” detector

3 0

' O

hadrons in AR=0.4 cone.
Avoid double counting of

calorimetric energy Clustérs
deposits from charged
hadrons. particle-flow m
> T T T
S 1 . > [ L :
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CMS preliminary Vs =7TeV, L= 510" Vs= 8TeV L= 196fb
O

A ]

* Trigger: di-muon stream g o i |

* Muons: G gl [met2scey ]
* |nl< 2.4, pT>5GeV, isolated. )
* At least two muons with pT > 10 ;
GeV. At least 1 muon pT>20 GeV. g

’ FIrSt Z Candldate (Zl) 91;) 50 60 70 80 90 100 110 1_20

* Muon pair with closest m,to m,. 4e+4mu+2e2mu Mz (GeV)

* 40GeV<m, < 120 GeV. 3 74 “th

* Second Z candidate (Z2): = e Oz

* Built using the remaining highest § i E::%Gev—;

pT muons. 4 ’ .

* 4GeV<m, < 120 GeV. 3 ;

* m,,, >100 GeV && m,, > 12 GeV. 21 E
i

15 20 25 30 35 40 45 50 55 60
Mz, (GeV)
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cran] N FSR Recovery

FSR photons selection:
e Particle Flow ID
e |n|<2.4
e (pr> 2 GeV && AR(photon,lepton) < 0.7)
|
(pr> 2 GeV && PF Iso <1 GeV && 0.07<
AR(photon,lepton) < 0.7)
e Associated to with Z if:
* m,, <100 GeV
’ hnmw-nh|<|nhm-nh|
* photons removed from muon isolation
calculation

> 500 oM Simulation, ¥s=8 TeV_
- 450
400
350
300
250
200 |
150 % o5
100
50

- FSR applied

2= FSR not applied

Events affected by FSR
M, = 126 GeV

100 110 120 130 140 150 160
Mg, [GeV)

. e R
0 90

For m, =126 GeV, about 3% events
added in analysis in the 4 mu
channel.
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CMS preliminary
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Event Yields (4p)
100 < m,,< 1000 GeV | 110 <m,, < 160 GeV
ZZ background 118.9 £15.5 13.8 £1.0
Z+X 3.8%£1.5 1.6 £ 0.6
All backgrounds 122.6 £ 15.5 154+1.2
expected
m,=125 GeV 6.8 £0.8 6.8 £0.8
m,=126 GeV 7.4 £0.9 7.4 £0.9
m,=500 GeV 6.8 £0.8
m_,=800 GeV 0.910.1
Observed 125 23

27/6/13
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Event Display

CMS Experiment at LHC, CERN

Data recorded: Thu Oct 13 03:39:46 2011 CEST
Run/Event: 178421 / 87514902

Lumi section: 86

ELWA
UNIVERSITY

N \\ (Z) Ex:8 GeV U(Z) pr:28GeV

7 TeV DATA

41u4+7 Mass: 126.1 GeV T~

UHZ,) pr:6GeV
U(Z,) py: 14 GeV

u *(Zl) pr: 67 G’eV
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Local Sign

ificance

1 | T TT 17T T1TT T T
p-value: probability that the background g 10—12 k =
can fluctuate to give an excess of events S10°F E
a 10 .
equal or larger than what observed = 10-:§ derapr2e2n o j
S —— Q10 F s
i \/\/gﬁ 3 18‘65 i é
; ' 1D d 10-2 Observed m, :
tesdyisrery 1 1D(My)and | qqf ] T
é 2D(m,, kD) 10 [ | s
R . gives p-values | 10 ¥
Observedm, K,.5,m, or, 4.7 and 6.6 10712 . . CMSPreliminary ;
R : 00 10" Ho>ZZ >4l
CMS Preliminary resp. (exp_ 5.6 1014 N C =7TevL=51m" ;
E';';’eﬁ:s.‘}'w % and 6 90_) 10—15 L 5=8TeV,L=1961" '? :
P % , V§=8TeV.’L=1;é-l5fb" : | 10-16E A |.];"| | |"‘| NI |..|£| A |3
A 200 350 4(;6 ' - 1'030c 110 120 130 140 150 160 170 180
m,, [GeV] m,, [GeV]

3D pdf built ( m,,, KD,X), where X=V, in
category I* and X=p;/ m,, in category II**

*Events with < 2 jets, **at least two jets
*** pr/my is not used for m, >180 GeV.

27/6/13

Minimum obs. p-value = 6.70 (7.2 o exp)
at m, =125.8 GeV .

As a cross-check, 1D (m4l) and 2D (mA4l,
KD) models gives 4.7 and 6.6 o, for an
exp. of 5.6 and 6.9 g, resp.

ICTP Higgs & BSM Workshop -- Ahmed Abdelalim
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Mass Measurement
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f/&i‘j@ CMS, 1
ELWAN 7%

3D pdf built (KD,m4l, EBE):

_ mplD ‘

Pgig(myp, EBE,KD) = Py (myp) X Psig(EBE|myg) X Psig(KD|m y)
CMS Preliminary s =7 TeV, L=5.1 fb"'\s = 8 TeV, L=19.6 fb™'
Event by Event mass error (EBE) — 1Oprrprr T s e e |
included = oF ——H-oZZ>4e |
e from muon track fit error matrix < = ——H-ozzod4n
AN 8f — H—>Z2Z 22 |
e from electron momentum error 7; .
6/ -
5 -
m, = 125.8 + 0.5 + 0.2 GeV 4 [
o8
m,, =125.2 -0.6/+0.5 GeV o -
1E ]
: M%I I 111 | | | I:

D124 126 128 130 132
my, (GeV)
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* Profile likelihood ratio
* Nuisance parameters included
* CL, method for exclusion limit

2 10 T T T T T T TT1T IIII[IIIIII]IIIIII}IIII{IIII!

(7)) i i :
L C CMS Preliminary || —— Observed
b e H —y ZZ —> 4L + 2127 i *rreeer Expected
- TR \E: 7TeV,L=5.1 fb-1..,, - Expected + 1o
o g Vs=8TeV,L=196 o’ I [P Expected + 26 |-
by ;
&
= [ S v ww—————————————S————— S =
— Co
o -
O\O I
o)
m - . S . R e ON...... 0. ... o .........

107 M SRR
v
100 200 300 400 100(
m,, [GeV]

S
& —
2 IIIIIIIIIIIIIIIIII|IIII|IIIIlllI
10 —
E CMS Preliminary |~ Observed
© H— 2Z — 4L + 212¢ | - Expected
cC Ys=7Tev,L=5.11".| B Expected + 1o
@) Ys=8TeV,L=196f" | Expected + 26
= L
1 C
o “\
S \
L A
I
10™
N I N T N S I I A I I |

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

The SM-like Higgs boson is excluded
by the four-lepton channels at 95%
CL in the range 130-827 GeV (exp.
113.5-778 GeV)
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Based on 5.1 fb-1 and 19.6 fb-1 data at 7 TeV and 8 TeV resp.:
* 6.7 o of local significance for the m(X) =125.8 GeV
* measured mass: 125.8 + 0.5(stat.) £ 0.2(syst.) GeV
* The SM-like Higgs boson is excluded by the four-lepton channels at
95% CL in the range 130-827 GeV (4e+4p+2e2u+2121)
* Agreement with the SM prediction
* Beside the mass measurement, the CMS Higgs Working Group is now
focusing on the properties measurement, in H->ZZ*->4l:
e Signal strength relative to SM expectation for SM Higgs:
u=0.91%93 ,, at 125.8 GeV.
* Production mechanism signal modifiers p,=1.0"%4, ., u;
=0.9"9> , ,at 125.8 GeV (consistent with SM expections).
e Spin-parity: pure scalar hypothesis is found to be consistent with
the observation when compared to six other spin-parity
hypotheses. (see next slide).
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Summary (2)

CMS
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Fraction of a CP-violating contribution to the decay amplitude,
expressed by the fraction f_; of the corresponding decay rate
f ,=0%0-23 W) consistent with the SM expectations.

J¥ production comment expect (u=1) | obs. 07 | obs. J'' | CLs
0~ gg —+ X pseudoscalar 2.60 (2.80) 0.5¢ 33c | 0.16%
0y ¢¢ — X | higher dim operators | 170 (1.8¢) | 0.0¢ 17¢ | 81%
2mee | 88— X minimal couplings 1.8c (1.90) 0.8c 270 1.5%
20 | 99— X minimal couplings | 1.7¢ (1.90) 1.80 400 | <0.1%
1- qgq —+ X exotic vector 2.80 (3.10) 140 >4.00 | <0.1%
1" qq — X exotic pseudovector | 2.3¢ (2.60) 170 >4.00 | <0.1%
References:
CMS-PAS-HIG-13-002
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13002TWiki
27/6/13 ICTP Higgs & BSM Workshop -- Ahmed Abdelalim 21
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More Slides...
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* ATLAS and CMS, used 5 fb! of 2011 data, in H->Z2Z->4/
channel, set 95% CL exclusion limits on SM Higgs:
* CMS excluded the mass range 127-600 GeV
 ATLAS excluded 111.4-116.6 GeV, 119.4-122.1 GeV, and
129.2-541 GeV

27/6/13 ICTP Higgs & BSM Workshop -- Ahmed Abdelalim 23
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Events
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CMS preliminary V(s=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"

6 _| T T | LI | LI | LI | T 1T | LI | LI | T T |_
B ® Data ]
i |:| 7z,7y ]
50 [ z+x ]
- [ ] ggH+ttH (126 GeV) i
41 B caH+vH (126 Gev)
3rt Ae+dp+2e2u 7]
21 .
. :
] ]
0 ==—I=:=_'_—'_-‘—-_.p~ | .

0 02 04 06 08 1 1.2 14 16
VD

VBF discriminant in Category Il events

Events

10

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

I_I

02 04 06 0.8

® Data

ggH+ttH (126 GeV)

. qgH+VH (126 GeV)

de+4p+2e2p

—
1 12 14 16

Only events with 121.5 < m,,<130.5 GeV are considered
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p; /m,, in Category | events.
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cﬁg@j@ e . . . c e CM
ELWM P Kinematical Discriminant (KD) =

Matrix Element Likelihood Analysis:
kinematic inputs for signal and background {m,;,m,,8,,6,,86*,®,0,}

* —1
hIELA — |1 4 P})kg(mla ma, 919 927 (Dv 9 . (I)l |m~lf)
Pgig(mla ma, 017 927 (I)a 9*7 (Dl m—l/)
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+ T e e
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| -+ 1 21 1 o
| © R i :
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