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Iheory Motivation

The Standard Model is a successful theory describing the fundamental interactions of
matter constituents

However some issues still need to be addressed: hierarchy problem, unification of
Interactions, etc...

Many New Physics (NP) Scenarios have been proposed:

new symmetries and properties -> new particles have been introduced

e Standard Model extensions
¢ Extra Dimensions Model
e Beyond the Standard Model searches of new resonances:

e | ow mass searches (up to 1 TeV)

e High mass searches (1 TeV - 2.5 TeV) -> Boosted regime

First searches for high mass narrow
resonances in the r+ qq final state
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/H Search: Benchmark model

 New Physics searches adopting a Simplified

Model strategy arxXiv:1402.4431
* Heavy Vector Triplets model predicts 3 massive
gauge bosons: Z' and W'+ | W
g Minimal o
e Ph loaical L : th v th P\ Composite Higgs 1
enomenological Lagrangian with only the ¢ Vodel
relevant couplings and the mass parameters = /
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| * Qgv gauge coupling of the new interaction |
| * CH,CL,Cq,Cs, couplings to the H, leptons, light and third family quarks |
| * My resonance mass parameter |
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/H Signal topology

Final state with:

e two tau leptons from the

Higgs decay
e two quarks from the Z
. _ boson decay
q
Heavy vector boson search starting from
CMS Simulation Work in Progress, 1s=8TeV
mz> 1TeV: o . . | —M(X) = 1.0 TeV
0.16 — M(X) = 1.5 TeV
e Hand Z very boosted > — M(X) = 2.0 TeV
oxoF- e M(X) = 2.5 TeV
* the final products can be really §3 ll 3
collimated ooe] ]
* H boson: boosted tau reconstruction :
requires modification in the lepton ID “E_ L E
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* / boson: reconstruction through
f\substructure study
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/H Signal topology

Final state with:

e two tau leptons from the
Higgs decay

e two quarks from the Z
boson decay

q

Six possible final states, depending
on the T decay:

Fully leptonic channel:
T— UM 4V, 1= e 4V, tT—ee 4V
Semi-leptonic channel:

t—nh 1 3V, 7t—nh e 3v

All hadronic channel:

=2 hh 2v




Object ldentification

Particle Flow Algorithm — all the information from the
sub detectors are combined to reconstruct all particles
in the collisions :

- charged and neutral hadrons, photons, electrons,
muons

Particles are used to identify jets, tau and MET

Missing Transverse Energy (MET) for the
presence of escaping neutrinos:

W HCAL
: Clusters

B | g detector

Computed as the negative sum of all
the reconstructed particles momenta in
the event

<_ particle-flow

Various Corrections: Jet energy
correction and X-Y corrections




Obiject |dentification: Z-jet

The Z boson is reconstructed as one

single energetic massive fat jet (R = 0.8) Jet
for the merging of the two jets coming

from the quarks hadronization — pt > 400

GeV to match the trigger requirements

Pruning technique: removes the soft and

large angle emitted radiation inside the jet @ _} a ‘_ @

(70 GeV < m(pruned jet) < 110 GeV

Jet substructure: jet track topology is
analyzed to see the number of subjets

N-subjettiness 721 <0.75




CaloJet/PF Jet

Obiject [dentification: taus

Hadronic taus: starting from a PF jet
Cut based and MultiVariate identification
discriminants : £
Decay mode finding: tau lepton 3
decay signature
Isolation: used to reject QCD jets / eieaang semen
p - p

Muon rejection
Electron rejection
: _ » hh'hnov,




Boosted regime

CMS Simulation Work in Progress, 1s=8TeV
! ! I i
— M(X) =1.0 TeV

—— M(X) = 1.5 TeV
— M(X) = 2.0 TeV
e M(X) = 2.5 TeV

" Higgs decay products very collimated i

0.2 04 06 08

* Tracks coming from a tau decay may enter the other tau cone

12 14
AR(t7) [GeV]

and be considered by PF as an additional decay product

* Challenge in the identification of the particles: /
hadronic tau reconstruction v / ° =

lepton isolation




Hadronic tau reconstruction

Jet cleaning procedure: > PF Tau Producer

* electrons and muons identified with loose requirements inside the jet cone

* removed from the Jet constituents

CMS Work in Progress CMS Work in Progress CMS-EXO-13-007

§’1.4‘_ —ig— Cleaned Collection - M(X) = 1.0 TeV §14-_ —@— Cleaned Collection - M(X) = 1.0 TeV
g : —e— Cleaned Collection - M(X) = 2.5 TeV g - —@— Clesned Collection - M(X) = 2.5 TeV
12— ——&—— Usual Collection - M(X) = 1.0 TeV 12 —a—— Usual Collection - M(X) = 1.0 TeV
1: —®— Usual Collection - M(X) = 2.5 TeV - —&— Usual Collection - M(X) = 2.5 TeV
— = ——
Halase o o= —m w ¥ WY : ———e—
0.8_— :T: 0.8 %:
:++ E '_Q_‘._Q_.
0.6_— é » 0.6_—
Ik aanan S e U
04— 0.4 + ——
- - ——
0.2|— C
: T.Ta Channel o T.Th Channel
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DEN & PassAllDM s

€ = AR(TreCo,Tgen)<0.4 & pT(TreCo,ge,n)>20
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| epton Isolation

New algorithm for lepton isolation: , —CMS Student Work in Progress

— muo-tau: Standard Isolation

—— muo-tau’ Modifed Isolaton

hadronic tau in the lepton isolation
cone

tau is fully identified (IDs)

el

i i

L1l

the PF constituents removed from
the lepton isolation deposits

, , |solation
CMS Student Work in Progress CMS Student Work in ProgressU
T e T -
I SR, LS S S
08— 4~ ' 08 -
T+ i
o L+ o CMS-EXO-13-007
Ba ' i
i | - —_—
04_—-4-—4—- 04—
0-2:— —e— muo-tau: Standard Isolation 0-2? —e— muo-tau: Standard Isolation
i —&— muo-tau: Moditied Isolation i —&— muo-tau: Moditied Isolation
% S0 a0 e B0 1000 T I [ —
u pt [GeV/c] AR(u,7)

11




H — 1t reconstruction

CMS Student Work In Progress, Vo=8TeV

T— eV,V, o1

. . : v hv o — M(X) = 1.0 TeV
Neutrinos in the final state — M(X) = 1.5 TeV
T UV v " — M(X) = 2.0 TeV
Challenge in kinematics B g (== M) =25Tev

reconstruction =R\ X8 Wothers o ]

Y hh'hzgy, | B

T hrgRyv, v— hh'hv, ’ w;
SVFEIt tool: algorithm for taus invariant system oL i
reconstruction M, (c)(GeV]

CMS Student Work in Progress ys=gTeV

| — M(X) = 1.0 TeV
— M(X) = 1.5 TeV
— M(X) = 2.0 TeV
—— M(X) = 2.5 TeV

arxXiv:1401.5041

» Probability model:

« measured METx and METy 0.08—
* the tau decay visibile kinematics et

 the MET resolution N

llll[ll’lllllll

« Marginalized likelihood function on an
event-by-event basis

00 50
Higgs mass reconstructed for all
the resonance masses
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Fvent Selection

Fully/Semi leptonic channel: Fully hedronic channel:
O1( 71 + 72 )svrit > 100 GeV AP(T,MET)< 1.5 Z-iet side:
: pT > 400 GeV
AD(Z-|ELMET)> 2 Mouneq €[70,110] GeV
Additional requirements: N-subjettiness 721 <0.75

b-jet Veto: b-jets tagged using CSV loose WP, jet is

required to have AR(jet,lep)> 0.5 and AR(jet,Z-jet)> 0.5

Selection ee, Ui, e HUThads€Thad  ThadThad
channels channels channel

Eipiss >100GeV  >50GeV > 80GeV
pro e . >35GeV > 50GeV
Nb—tagged jet =0 =0 -
ARy < 1.0 < 1.0 < 1.0
mTT = = 105"1 80 Gev
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Background Estimation

Background estimation strategy varies accordingly to the tau decay
channels

* Diftferent background composition: Drell Yan, top pair
production, W+ jets..

* Data driven estimation procedure

CMS Student Work in Progress fn'(gTey) CMS Student Work in Progress " (8 Tev) CMS Student Work in Progress 197 fb" (8 TeV)

g 5| —&— BKG prediction ’3 el —e— BXG predicticn ‘3 - el DATA
¢ - —&— DATA % - —&— DATA g 7E ] ovesven
© ] Dwels-Yan @ ~ rx‘ Drell-Yan = - - —_
5 F ~ 1 B TToer s 10r — B TToer =] =
aH B Ddceon N [ Owoscn ~ 6F [ osee
g Hrute channel — ™ g T ] woets 2 E B e
N T — 5% — - 5 sE —
N Sigral (M o STaV - Artiteary Uni - - m‘-l?;m_m‘m - : mﬂ.I 15 TeV - Artirary Unin
a4 ——
i T.Th Channel af- —.— Thth channel
B 2F
=¥ “:3 i il"w 0:1 PR S T 1 1 '—l—llﬁﬂn-ﬂﬂ!s I. [WRRTRY [T ST T TN [ W v S R N 1
1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
M(Z,H) [GeV] M(Z,H) [GeV]

CMS
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Results

No deviation from the background E e
prediction is observed in data 5 = omsenveo
- | ;
Upper limits on the production cross 5
section of a new resonance decaying into 7
_ K All channels

/H bosons Is set ! combined
Mass TeTe TuTu Te Ty Te Thad Ty Thad Thad Thad M(Z,H) [GeV]

Esig(%) 1.0 TeV 17 2 382 2411 21.2 £ 0.6 293 0.7 182 £ 0.5

' 1.5TeV 2 5 2 42+ 2 29.2 + 0. 38.1 . 29, .7
JoTev| 2si2  sexs  mia  slisos  mos0s  aee;  ESONANCE
S5TeV 4 37 6. . 370 £ 0.8 30.0 £0.7 .

Mo TOTeV| 1251720209 17110 95535 —76:22 production cross
J0TeV | <05ai68%CL 07504 <o0dmésnCL 0101 <odmesnct U3 section in arange
25TeV | <21at68%CL 03+£01 <03at68%CL 0.18+005 <0.5at68%CL

Nopwerrea  10TeV 2 5 2 2 3 between 0.7 and 4.1
1.5TeV 0 1 0 2 5 8
20TeV 0 0 1 0 0 fo are excluded at
2.5TeV 0 0 0 0 0

15

95% confidence level
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Other searches outlook: HH

Extend the search of heavy resonances also to other final states and theoretic
models

arXiv: 1303.6636

Warped extra-dimension model:

e Explains hierarchy between the Electroweak and the Planck scales

* Non trivial geometry a fifth extra dimension

e Higgs pair production by: N

1o "~

e gspin 2 particle (Kaluza-Klein (KK) Graviton)

e scalar particle (Radion)

S0 100 150 2000 N0 3000

mg g (GeV)




Search strategy

Radion or Graviton
decaying into a pair of
Higgs bosons

Strategy

Branching ratios

—
T

" "
LHC HOGS XS WG 2010

10°-

- High statistics

100 120 140 160 180 200
M, [GeV]

- Purity of the signal
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Search strategy

8 TF 33
Radion or Graviton g §
decaying into a pair of §10°

Higgs bosons

10'2:

Stl’ategy 10°05 06150 40766 180 300
M, [GeV]
- High statistics

- High branching ratio: H—bb(~60%)

° - Purity of the signal

18



Search strategy

B I
Radion or Graviton g zZ 4
decaying into a pair of §10°
Higgs bosons
10} .

« Q Strategy 10°300 12“ 40 160 180 200
M, [GeV]
- High statistics
- High branching ratio: H—bb(~60%)
- Purity of the signal

e H=o1't" (~7%)

Similar final state wrt ZH analysis:
lepton ID, jet substructure and b-tagging
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Conclusions

e The first search for a high mass narrow resonances decaying into Z and H
bosons has been performed

 Heavy resonances > highly boosted bosons

e Jets with merged tau leptons or b quark pairs are most common
for Higgs decays, but experimentally very challenging

e Algorithms have been developed for the physics object and the
event reconstruction

« Searching for physics BSM predicting HH resonances, e.g. Composite
Higgs or Extra Dimension models

» First time we look for such high mass resonances in Higgs pairs

Stay tu ned for the hext run at 3/ 1”4eV|
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Back up
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Search strategy

e Radion or Graviton decay into a pair of Higgs
bosons

A i
LHC MAOGS X5 WG 2000

Branching ratios

e Channel HH-> rrbb

- High breaching ratio

- The presence of tau leptons can help
discriminate against QCD Multi-jet .

background. M, [GeV]

 Many possible final states depending on the D BR(%)

tau lepton decay mode: _ 17 36
. 17.85
* Fully leptonic: 7— Uy, T—evv
T 11.6
T 26.0
« Semileptonic: T—Uwy, TNy - 95
T 9.8
« All hadronic: z—=hv - 48
others 3.1
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| HC and CMS

CMS DETECTOR

 Heavy particles production require S

Overall Sumeter | 150w Puued (M00R1 39 pon) = Loen* ~66M sl
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MUON CHAMRERS
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T/ Endcape 408 Cathade Serig, 402 Ranbetinn Plate Ohamben

« LHC 8 TeV of energy in the center of
mass reference frame

PEESHOWER
S Nhoon wtrigs <M’ < 137,000 channeh

FORWARD CALORIMETER
Seel o Quarts Bhons - 2000 Chunaeh

 CMS detector for particle
identification =
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HIgQgs Pair Production

arXiv: 1303.6636
* Metric due to the fifth extra dimension ds? = eV dotda

F(zr,y) o e o(z) Gﬁtll/)(xay) x e2*¥ Jy (egky—) G (z) “F

oSk

e | ocalization of the fields

* Coupling to SM fields

G )i %
L=, Aq«,('bT“

RS1 scenario: cy = all the other ¢; >~ O(1)
Bulk RS scenario: cyg ~cezwe >~ O(1) ~ (kL) ey g > cyas...
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Search strategy

e Radion or Graviton decay into a pair of Higgs
bosons

A i
LHC MAOGS X5 WG 2000

Branching ratios

e Channel HH-> rrbb

- High breaching ratio

- The presence of tau leptons can help
discriminate against QCD Multi-jet .

background. M, [GeV]

 Many possible final states depending on the D BR(%)

tau lepton decay mode: _ 17 36
. 17.85
* Fully leptonic: 7— Uy, T—evv
T 11.6
T 26.0
« Semileptonic: T—Uwy, TNy - 95
T 9.8
« All hadronic: z—=hv - 48
others 3.1
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P particle ldentification

e Particle Flow: all the information from the sub detectors are
combined to reconstruct all particles in the collisions

e Particles are identitfied in mutually exclusive categories: charged
and neutral hadrons, photons, electron and muons.

* Particles are used to identity jets, tau and MET

. /
: s
- C‘k

T HCAL
: | Clusters

* Algorithms have been
developed to reconstruct the
tau hadron decay:

hadron i |ldetector
: : 1

ECAL
Clustérs

‘ hanicle-flow ‘ ’

+ HPS

CMS ‘
26 é |




PF Tau ldentification

Starting from a PF Jet, special attention is given to photon conversion in the

tracker, since the bending of electron positron can broaden the photon signature in

the ¢

A strip of An = 0.05 and A= 0.2 is centered around the most energetic

electromagnetic particle in the jet

Other electromagnetic particles in the strip are considered and added to the four

momentum.

Strips with pt > 1 GeV/c are combined to the hadrons to reconstruct the Tau

hadronic decay mode

Strips and hadrons (7%, K®) are combined to reconstruct the
main decay topologies:

@ Single hadron (for h~ v, and h— 7°v,);
@ One hadron + 1 or 2 strips (for h™ 7!'01/1-);
@ Three hadrons (for A~ h"h™v;).

The other decay modes are reconstructed via the previous
topologies.

27

* All hadrons and strips have to be within a

cone of AR= (2.8 GeV/c )/ pT(

Tau_h)

* The tau 4-vector has to be in a cone of AR=

0.1 from the Jet axis

* The mass of the composite system has to
be compatible with p(770 MeV) (2 hadrons)

or a4 (>=3 hadrons 1200 MeV)

CMS

Carmpant Mo Soberosd



Searches at low mass (<1TeV

arXiv:1406.5053

g , T
g JLt=200"at G=8Tev
CMS (CMS PAS HIG-13-032): x —a— Cowerved 99% CL Uik
& S i
©

hh ->gamma gamma bb final state. tanfi=1, cos{B-a)=—0.05
The search for a new patrticle X is performed in the range 260 < mX < 1100 GeV.
Upper limits at 95%confidence-level are extracted on new particles production cross-section.

WED Radion is observed (expected) to be excluded with masses below 0.97 TeV (0.88 TeV).

ATLAS(arXiv:1406.5053):
hh ->gamma gamma bb final state. my [GeV]
A 95% confidence level upper limit on the cross section times branching ratio of non-
resonant production is set at 2.2 pb, while the expected limit is 1.0 pb.

The corresponding limit observed for a narrow resonance ranges between 0.8 and 3.5 pb as
a function of its mass.

CMS PAS HIG-13-032

CMS Preliminary L=19.7 10’ s =8 TeV

) WED: K = 35, kMpl = 0.1, elementary top, no M
ATLAS (ATLAS-CONF-2014-005): ATLAS-CONF-2014-005 - RO (3TN .- Obsereed 95 uppor Bk
G*->hh ->bbbb final state. § 10 —mdon(=1Te0 e expocted 95% wpper e

= B R e e e o e I T ===+ RS1 KK-graviton P Expected limit < 10
.':'. L eseen Expected Limit (95% CL) ] - - ===+ Bulk KK-graviton Expected limit + 20

B Expected i v | T
% 109 s —_— St.rp::z Lﬂzﬂ-( (95% CL) 4 )I
- . — HE Grirviion I.u,_._ =10 : 2 1
T i &
T i 1 X
" ‘ 3
g, T 107
@ j0b = g
e F 3 I
(TD J 10 %0 400" 00" G0 70 800 900 1000 1100

- - m, (Ge
& ATLAS Preliminary \s =8 TeV: J Ldt=1951" -
L+
800 8001000 1200 1400
e ooV CMS
July 2nd 2014 SPS Conference - Camilla Galloni
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Results

5 L SR RERE RS ALY LEEE LELS RS RS LILE -
E g 5
t : -
- —
4 5 i
@ =
g N 10 E
v E .
N T i
4 1 T | _
] § e 1E =
,L10‘:r % - ]
t - X .
%102' FuIIy LeptOTIICj o) FuIIy Hadronlc .
10-111]1 | | ) | |

112141618 2 222426
Resonance Mass (TeV)

Observed and
expected limits for the
fully leptonic, semi
leptonic and fully
hadronic channels

o(pp — Z — ZH) x BR(Z— qq) X BR(H — w) o]

Semi Leptonic

M(Z,H) [GeV]
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stematics

Source eyt channel yuu channel ee channel uT, channel | eT, channel | 7,7, channel
Bkg estimation method

(Ngo f sideband events) 0-8 0-10 0-3 0-26 0-23 29
Bkgestimationmethod | 550 5400 | 230043% | 35%53% | 13%-24% | 13%-96% )
(alpha-ratio)

Bkg estimation method o o o o

n 08  malization) 35.7% 25.4% 46.7% 17.7% 29.1% -
Luminosity 2.6% 2.6% 2.6% 2.6% 2.6% 2.6%
Pile-up 0.2%-2.2% 1.0%-1.9% 0.4%-1.5% 0.2%-1.4% 0.7%-1.2% 0.1%-1.0%
V-tag 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%
B-tag 1.8%-3.0% 2.3%-2.5% 1.9%-5.6% 2.3%-2.7% 2.4%-2.6% -

Jet scale < 0.5%-1.6% | 0.7%-2.6% < 0.5%-4.3% | 0.5%-1.5% < 0.5%-1.4% 1.0%-3.1%
]et resolution < 0.5%-0.9% | < 0.5%-1.6% < 0.5%-22% | < 0.5%-1.8% < 0.5%-1.7% 2.0%-2.9%
Electron ID 1.1%-1.6% - 2.5%-3.5% - 1.3%-1.8% -
Electron resolution 0.1%-0.6% - 0.1%-2.4% - 0.2%-0.7% -
Electron scale 0.4% - 0.1%-0.9% - 0.1%-0.4% -
Muon ID 0.8%-1.0% 5.7% - 0.8%-0.9% - -
Muon resolution < 0.5% < 0.5%1.8% - < 0.5% - -
Muon scale < 0.5%-1.1% | < 0.5%-1.9% - < 0.5%-0.8% - -
Lepton modified iso B - - 1.2%14.3% | 3.5%-20.8% -

Tau ID - - - 8.9%-124% | 8.5%-11.9% | 17.9%-26.2%
Tau Scale - - - < 0.5%1.1% | <05%-24% | 0.7%4.2%
Tau - jet cleaning - - - 0.4%-7.0% 0.5%-15.7% -

Tau - subjet - - - - - 10%
MET Included in leptons and jet energy uncertainties
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Jet reconstruction

CMS Work in Progress

x10* C

v19.7 1 "t fa =8 Tev
22500 :

« Reconstruction of the hadronically decaying boson

» Analysis of the substructure of the jets for
discriminating wrt QCD jets

* Main idea: set of requirements during the jet -
clustering algorithm to “prune” the jet, i.e. to R ¥
: CMS Work in Progress
remove constituents that are at large angles or soft.

%u - 8- M) =10 Tav Entres 17775
= : M1V |Mean  B4TH
, g ot - aemy |[RUS 2%
* N-subjettiness helps discriminate between a jet Emz rivnglloge-
. . y £0.08— RMS 2098
that has 2 subjets or a jet that doesn’t have s I Erver 12874
substructures Sooot-
L Entres 12852
0.04) Meon 7992
1 : RMS 20.81
IN = d_o . Z[prk . m1n(AR1,k,AR2’k,...ARN*)] 0.02—
- T
CMS Work in Progress G o 608000 130 Te0 183780300

|0t mass [GaV]
%0.05‘ WX 10%Y | [Enries 17775
0455 M=% || 04079 CMS Work in Progress ' .
,QOAJ: w0020 ||pme 01523 gzmxw 9 19.7 1 " at 15 = B Tev
004 e 1312 s k
= Mean 04172 w
?JDJSE VS 01447 2000r
50-037 Enies 12874 E
- i Mean 04328
9.025 E 1] RMS 01467 1500
0.02F /| Erries 12852
E d Mean 04665
0.015 ! RMS 01549 1000—
0.01 N
= l.- k
0.005}- o 500
E - i ‘
o0 01 02 03 04 05 06 07 08"09 1 E
jet su ness 1./1, .
. b 4 % 3% 02 03 04 05 06 07 0B 09 1

jet subjettiness t/t,




Background evaluation Method

e Fully leptonic channel: DY is the main background source

« Alpha-ratio method:
Npke(MzH) = N - Ngp(Mzy) - «(MzH)
e where:
N = normalization found in data
* Nso (Mnz) is the number of events in the sideband in data

« a(Muz) is ratio between the MC bkg events in the signal
and sideband region

e Sideband defined: Vv events with t; <0.75 and
20 < M(pruned jet) < 70 GeV || M(pruned jet) > 140 GeV

v events with ;1 > 0.75 and M(pruned jet) > 20 GeV

CMS ‘
30 é |




Background evaluation Method

* Fully leptonic channel:
Npke(Mzp) = N - Ngp(Mzg) - «(MzH)

* Fit the pruned jet mass distribution in
the MC in [20,200]GeV with the the
function

_ A 1+erf((x —B)/C)

F(x) 5

* Fit data in the range [20,70] + [140,200]
with the shapes found betore,leaving
the normalization unconstrained

e Extrapolate the number of events in the
signal region [70,100] GeV

CMS ‘
33 é |




Background evaluation Method

* Fully leptonic channel:

Nipke(Mzu) = N - Ngpy(Mzh) - «(MzH)

T.Tx Channel T,Tp Channel 1.Te Channel
3 3 » F
& 8 £ 10 £ 45
oy 8 7 - 8 . ! 45'- -
L2 CMS Workin | 2 | 1 CMS Workin | & E CMS Work in
N g ® Progress g 4+ Progress ; 3t I Progress
E 5 ° 5 ¢ § 2sF
~—] Z 4 z =z
3 Pt ]
(7)) 1.5;'
Z + % +
1 -1 —+ osE
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Background evaluation Method

* Fully leptonic channel:

19.7 7 (8 TeV)

CMS Work in
Progress —S— DATA

w
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w

t.7, channel| | B2 oo
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Background evaluation Method

Semi leptonic channel: DY is the main background source

Alpha-ratio method as before but with the ttbar contribution fixed.

Top events normalization estimated in a ttbar enriched control sample (at least a b-tagged
jet-CSVM)

Fit of the pruned mass distribution using the function

1+erf((x —B)/C)
2

Fz(x) = N(non-peaking) - e* -

CMS Work in Progress L=197f'at {S=8 TeV

+ N(peaking) - Gauss(D, E)

]

e The two SFs are found as the ratio
between data and MC of the
normalization of the two functions

Evernts/ 1288

80 100 120 140 160 180 200

e e SF(peak)
SF(NO peak)

i+i :+

ll I+ | I
— 1 —— 1  —— =

20 60 80 100 120 140 160' 180 200
jet mass [GeV]
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Background evaluation Method

e Semi leptonic channel:

CMS Work in Progress

L=19.7 fo"at 5 =8 TeV

—
n
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Background evaluation Method

e Semi leptonic channel:

o 19.7 b (8 TeV) 19.7 b (8 TeV)
£ b cmMsWorkin —=— BKG prediton £ 1 cms workin —=— oK peaier
2 F Progress i B 3 Progress "
ST so o (B
£ ob — ey g I — ey
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Background evaluation Method

* Fully hadronic channel:

e ABCD Method:

M pruned and Mrzz from SVFit are used: uncorrelated variables

* Number of background events evaluated through:

19.7 b7 (8 TeV)

FOo O
- =]

% SrdeF=s S . CMS Work in N(B
.. ot : =‘&1_,é Progress N(A) p— N(D) . ( )

180

M, [GeV] CMS
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Background evaluation Method

* Fully hadronic channel:

19.7 b7 (8 TeV)
g 7§ CMS Work in
g 65_ Progress RESULTS CMS Work in Progress
-é g Regions Events in Data - Original
2 °F o, 1570 Ay o NB 0.073]
4F —4- NC 4377
aF ND 297t
= NA (estimate) 6.175%
20 Observed A 8
=
E. L b e R T R T
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Systematics

* The largest systematics are the ones due to the background
evaluation

* \When the number of events is evaluated from a control sample
the distribution for Nbkg is a Gamma function
—_ _ (n/“)N -n/a
n=w«-N F(n) — We
CMS Work in Progress .

Number of
events in the

sideband

The other two systematics associated to the background estimation
method for the fully and semi leptonic channels are:

v statistical error on the alpha ratio
v’ statistical error on normalization factor
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Pruning

Developed by S.Ellis et al: [Phys. Rev. n D80 (2009)]

Main idea = add a set of requirements during the clustering

algorithm

=> [0 prune the jet: remove constituents that are

at large angles or soft

Starting point: jets clustered with CA algorithm and distance

parameter of 0.8

Steps of the algorithm:
1. rerun the clustering sequence

2. two more requirements are asked:

- 'nrin(p%r,p%.) N
“9) = P ~cut

1et
o AR;i < a-mjet/py
L] JCt/I 1 N angle particles

> remove soft
particles

remove large

arbitrary units

0.1H

[ref_CMS PAS JME-13-006]
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