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i Jet physics for Higgs searches with the CMS Experiment
Jet in Higgs searches at CMS
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Not a complete reV|ew of nggs analysis.

D / \" | \ TR

W Example of Higgs searches using jets at CMS

nggs decays to palr of b-quarks

| A DR 00 T, S i D S

»Vector boson: VH(bb) [PhysRevD.89.012003]

» Sensitivity to jet energy resolution: Mbb

- How to improve it ? NN N
>Quarks: VBF H to bb [CMS-PAS-HIG-13-011]
» Need to discriminate between quark and gluon jets
- Quark / Gluon jet tagger

/]

:/ ]

»H=2>WW: [CMS-PAS-HIG-13-023]

» Categorization in jet multiplicity

vetoes and multiplicity observables
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i Jet physics for Higgs searches with the CMS Experiment

Why & What

Higgs boson:

» Search for H>bb: test for fermionic final state.

» Large QCD background = Inclusive H(bb) production
too challenging

3 Search Analysis:

» Need to search for H=>bb in associated production:
» Less background.

> Lower Cross-section.

» Associated production with:

»Vector boson: VH(bb) [PhysRevD.89.012003]
»Quarks: VBF H to bb [CMS-PAS-HIG-13-011]

»Top quarks: ttH H to bb [CMS-PAS-HIG-13-019]

[Not discussed in this talk]

17/07/14 Arnaud Pin veltoes and multipliCity observanles

2014 - Durham

Searches and Measurement of the SM

MANCHESTER
1824

he University of Mancheste

—_—— o — — —




¥ Jet physics for Higgs searches with the CMS Experiment MANCHESTER.
! 1824

he University of Mancheste

EICEHENR
2014 - Durham

17/07/14 Arnaud Pin




i Jet physics for Higgs searches with the CMS Experiment

Z/W + H(bb)

MANCHESTER
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Analysis strategy:
1) Event Selection and Categorization

> Select boosted events on P, V.

» Vector boson decaying leptonically:
- 6 channels: 2x W(lv), 2x Z(ll), Z(vv), W(tv)

» Categorization depends on P, V:

W(lv) W(tv) Z(I Z(vv)
low 100 — 130 50 — 100 100 — 130
intermediate 130 — 180 > 120 130 - 170
high > 180 >100 >170

- Large azimuthal opening angle, Ap(V,H)
- Total of 14 Categories (e/p).

2) Multivariate analysis: BDT
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Improved bb Mass resolution
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303 cms Preliminary .. -
3 [ Vs=8TeV,L=19.01fb" . . .
=035 W(evH(oB) fwe - Why improving Mbb:
“ 04l -+ E Highly correlated with the BDT
o5 o E discriminant output
: ~+ ]
05F o - E Mass resolution of the two b-jets from
-0.55;— _+_+ oy _; Higgs decay: ~10% (depending on Pt)
06E E +Shift value
_0_655_.1..11..lllxllllll.ll.l.;
0 50 100 150 200 250
M; [GeV]
Principle:

Specialized BDT regression to provide corrected jet energy.

Based on detailed jet structure informations including:

- secondary vertex properties (when reconstructed)
- track and jet constituent informations (PF candidate), transverse mass
- energy of charge particle in the jet
- b-jet contains in average more lepton and larger fraction of Etmiss
- use of the soft lepton in jet properties.
- For WH: AR(L,j), Pt of lepton
- For ZH: E1,,ss @nd its azimuthal angle with each jet.

arXiv: 1107.3026v1
17/07/14 Arnaud Pin
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Improved bb Mass resolution
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i Jet physics for Higgs searches with the CMS Experiment
Z/W + H(bb)
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g [T T[T T T T T T T T T T T T T T
é 10 E_CMS iData Edescg E
~ = 1s= 8TeV,L=18.9fb’ VH t -
BDT approach s [ oproeiizeon’ BRV L s
= 103 = High p_(V) [ Jw+b I VV(udscg) —=
[ = T I W+udscg [ vz(bb) B
w - [ Jz+bb —— VH(bb) 125 GeV ]
> Cascade BDT. 102;_ [Jz+b —MCuncen.(slal.)?:
» Samples divided in four subsets. : :
» Each enriched in: tt, V+jets, dibosons, and VH ‘0_ 3
» 14 BDT distributions are considered 1
» each P; V categories o
» Electron/muon for Z(Il) & W(Iv)
o 2 1% dof = 0.30 [} MC uncert. (stat. + syst.) [ | MC uncert. (stat.)
=215
3 i P S Mo, o S ST
Background: LS S S £
0.5 055 08 065 07 075 08 085 o.'QBD%és 1
. . . . output
» Control regions identified in data. 8 wEous T T
oy ata
» Used to validate the simulation modeling g 10° - \s= 7TeV,L=501b" —
g g o 9 = \s= 8TeV,L=18.9 b Background
of the distributions used as input to the 5 125 PP > VH; H > bb —— VHEB) 125 GeV
. . . —— Background uncert.
BDT discriminants 10° ? "
102
. . 10
» To obtain scale factors used to adjust the :

simulation event yield estimates for the
most important background processes .
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Z/W + H(bb) ReSUIts he University of Mancheste

my = 125GeV /oy (95% CL) o /ogvm (95% CL)  Significance  Significance

median expected observed expected observed
W(lv,1v)H 1.6 23 1.3 1.4
Z((0)H 1.9 2.8 1.1 0.8
Z(vv)H 1.6 2.6 1.3 1.3
All channels 0.95 1.89 2.1 2.1

» Excess of events is observed above the expected background.
» Observation agrees with Standard Model expectation for Higgs boson @ 125 GeV.

\s=7TeV,L=50f" 1s=8TeV,L=189f" s, 6_[ TC]M'SI | LA NN N N BN L L RN B |
. .pe CMS m,, = 125 GeV c L
Local Significance: o7 > VH; H s S | is=7TeviL=s0m’ O
Combined t = 1.0+ 0.5 £ 5 \s=8TeV,L=18.9 fo! ... CL  Expected ]
j i pp—)VH;H—)bB -CLSExpectedinx:
O : CL Expected + 20:
o 4+ a
. epe Z(vv)H(bb) = F i
> Significance: w=10+08 21
2.10 obs. (2.10 exp.) % 3
Z(1)H(bb) ¢ |
. p=08+1.0 o~
> Best fit: o 2
u=1.0+0.5
W(lv,tv)H(bb) 1
u= 1.1+0.9 .
! il i | I 1 L 1 :I 1 | 1 1 I L 1 | 1 I | 1 1 | I 1 | L 1 I L 1 | 1 }j
2 0 2 L 4 110 115 120 125 130 ...:135
Best fit u R

My
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VBF H(bb)
Fully hadronic final state:

» VBF selection
> 4jets
» Dedicated trigger:
» CMS L1: 3 jets.
» Only one of the two leading jets allowed to be
forward
» HLT: four jets (one b-tagged), one pair with large my;
an;;
» Use of Quark/gluon-jet tagger
» Distinguish quarks/gluon jet up to |n|<4.7
» Reconstruct VBF jet pair “qq”
1. Pair of least b-tagged jets
2. Largest pseudorapidity separation.

» Discriminate VBF against QCD
» ANN: MVA considering distributions and
correlation of various discriminating variables.
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Measurement have shown that jet initiated by gluons exhibit differences with respect to jet
from light flavor quark. (OPAL & ALEPH)*

- Charge multiplicity higher in gluon jet

- difference of fragmentation function

- gluon jet are less colimated.
9

Charged multiplicity
From particle flow: Neutral multiplicity
Total multiplicity

RMS of PF candidate n-¢ spread
Jet shape information: Major axis in n-¢: 0,
Minor axis in n-@: o,

and (¢ = \/0124—(722

Pull:
Energy variables: R: Energy fraction carried by the leading constituent.

Fragmentation function related variable, P-D:
9 T \/ L P%,i

YiPTi

prD =
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i Jet physics for Higgs searches with the CMS Experiment

Quark /Gluon Jet tagger

Discrimination power

CMS Simulation Preliminary, s = 8 TeV

--- Charged Mult.

T T T l T T T

i Neutral Mult. A
Total Mult.
0.2 ~ - Pull ".\:::‘_:
l R
| e Quark-Gluon Likelihood !
O | | | I | | | | | | | | | ] | I ] | | <
0 0.2 0.4 0.6 0.8 1

17/07/14 Arnaud Pin
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CMS PAS JME-13-002

Choice of three variables

 Total Jet constituent
(PF) multiplicity.

e The Minor axis o2.

* Fragmentation function
P;D

2014 - Durham
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Quark /Gluon Jet tagger
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3 inputs

CMS Preliminary, L =18.3 fb'at /s =8 TeV CMS Preliminary, L = 18.3 fb'at {s=8TeV CMS Preliminary, L =18.3 fb'at Vs =8 TeV
3 :ll|||||I||I||I||I|||||||||I|l|||||||||||_ §1800 ||||||||||||||||l||||||||||P—_ §2000 T T T | T T T I T T T | T T T | T T l__
; 1800F 80<pT<100 GeV  Z+Jets S 1600 80<pT<100 GeV  Z+Jets 91800 80<pT< 100 GeV  Z+Jets _:
b= 1600 E mi<2 e Data =2 i <2 e Data - i <2 e Data .
~ —
:>_|) [ Quark w 1400 [ Quark ‘g 1600 [ Quark E
1400 [ Gluon § 1200 [ Gluon L%’ 1400 [ Gluon E
1200 [_] unmatched+PU w [_] unmatched+PU 1200 [ ] unmatched+PU ]
1000 ]
1000 1000 ]

Madgraph
+ Pythia6

TT T[T T T[T T T [T T T[T T T[T T T [T T T[T TT[TTT
I T T I I T I T 1

TTT [T T[T T[T T T[T T[T T[T T[T [T [TTT]

TTT[ T[T T[T T[T [T I [T T T[T TIT[T

15 20 25 30 35 40 % 0.02 0.04 0.06 0.08 0.1 012 0.14 %
Number of Constituents Oy p;D
'

CMS Simulation Preliminary, /s = 8 TeV CMS Simulation Preliminary, s = 8 TeV

> [0 52 e e s s I B B B B B B B | 5 ) e o LA AL AL LN B B BB
E r ] = [ O b
. . 5 0.18~ nl<2 40<pT<50Gev - o L o o6 ]
LIkeIIhOOd '9016:— DQuarkJets : :,LE) 0.8; £ i
. . - s C ] L L 4
discriminant Bonar Dowonvets 13 5 | ,
© C . - i
£ 0.12F 1 5 08 T
r ] < L J
2 o1 4 & R
E ] r S
0.08— — 0.4 o
E = i Quark-Gluon LD i
0'06: N L nl<2,40< P, < 50 GeV |
0.04 - 0.2~ o Iml<2,80<p <100 GeV 7
. . . . 0.02F = L 3<l<47,40< P, < 50 GeV 4
Dlscrlmlnatlon up to 0: 1 1 1 | I 1 1 | 1 I il 1 1 1 1 ‘ 1 1 1 : 0_ 1 Il Il ] 1 1 Il ‘ 1 1 1 ‘ Il Il 1 | 1 Il 1 J
0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1
|77| = 5 Quark-Gluon Likelihood Discriminant Gluon Jet Rejection
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Jet physics for Higgs searches with the CMS Experiment
Quark /Gluon Jet tagger

Validation

CMS Preliminary, L = 18.3 fblat (s=8TeV

LI L L B L L L

CMS Preliminary, L=18.3 fb™ at {s=8 TeV CMS Preliminary, L=18.3fb"at {s=8 TeV

F F e I e e s o e o e e e R F e e L s e o s s e ey
g 6000 :_ 40<p <50GeV  Z+lets g 50001 80<p <100GeV  Zilets g 300 40< p <50GeV  Z+lets

Z F mi<2 ¢ Data Z [ omi<2 * Data Z 3<hi<5 o Data

£ £000 [ Quark 2 T [ Quark 2 [ Quark

Lq>|: - Gluon :>j 4000—_ - Gluon :>j - Gluon

|:| Unmatched+PU |:| Unmatched+PU

\:| Unmatched+PU

o L = = S N s e e ol

0.2 0.4 0.6

I B i i
0.2 0.4 0.6 0.8

04 06

Quark-Gluon Likelihood Discriminant

CMS Preliminary, L = 13.1 nbat {s=8TeV
e L e e e e e e R

40 < P < 50GeV  Didets 1
il <2 e Data -
[ Quark ]
[ Gluon E

|:| Unmatched+PU

PRI BT 1 PR B
0.2 0.4 0.6 0.8
Quark-Gluon Likelihood Discriminant

Quark-Gluon Likelihood Discriminant

CMS Preliminary, L =13.1 nb'at {s=8TeV
L e o e e e e e e LB

—_ T
<

o "

S 80 < p; < 100 GeV  DiJets

= Il <2 e Data
%’ [ Quark
[}

> - Gluon
w

I:] Unmatched+PU

04 06
Quark-Gluon Likelihood Discriminant

Quark-Gluon Likelihood Discriminant

CMS Preliminary, L = 13.1 nb'at {s=8TeV
L B e o ey e s e e B L

g 900F" T

S 800 E 40 < p < 50 GeV DiJets

I [ 3<hi<5 e Data
£ 700F Quark
[} E

Lﬁ 600F - Gluon

[] unmatched+Pu |3

PN S (T TN S N S S (N N
0.2 0.4 0.6 0.8
Quark-Gluon Likelihood Discriminant
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Z+jets sample
- Mainly quark jets
- ~70% hard and central.

Di-jets sample

— Discrepancy in gluon fraction observed in the di-jets sample:
* Smear MC to take into account the discrepancy.

* NOT a reweighting but a jet per jet correction

17/07/14 Arnaud Pin vetoes and
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Quark /Gluon Jet tagger
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CMS Preliminary, L=13.1 nb™ at {s=8 TeV CMS Preliminary, L=18.3fb™ at {s=8 TeV
. . 2 C T T T ] T T T | T T T | T T T | T T T ] -.(/_? : T T T | T T T | T T T | T T T | T T T :
Valldathn § F - 50<p <65GeV, hi<2 1 §6000‘_ 50 <p, <65 GeV, hi<2 .
(13000 E o DiJetdata 1 oWt o ZtJetdata E
2500 "_ -------- MC before smearing _: 5000 :— -------- MC before smearing 3
E —— MC after smearing ] C —— MC after smearing ]
e Extracted on di-jet sample. 2000 4 4000F g
* Applied also on the Z+jet 1500 1 3000F :
sample for validation 1000F 1 20008 &
500F - 1000 -
o : 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 : 0 : 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Quark-Gluon Likelihood Discriminant Quark-Gluon Likelihood Discriminant
In the VBF analysis:
5 CMS Preliminary (s =8TeV CMS Preliminary (s =8TeV
< 10°g T T —— _ < BT T _
O. Presel. & Trigger O 10 Presel. & Trigger
S i o Data (19.0 ") © o Data (190 )
; [macD (x1.31) ; 10° [EQCD (x 1.31)
Good agreement £y e g e
o Ot o 10 D
ITRNT. Bvas (m - D
between data and E E]va';anspbs 3 9VB‘I‘¢H(125)QDE
M C 102 ;r E—GF H(125)— bB = E_GF H(125)— bb
o 1E f J I } = o ] o S A R
15 15
é 1Fomsge e - . § 1o +_'_'~_‘_+—0-~—0-—0——¢—+_L—o—++_“"*—°—++_._
T 05 T 05
o ) I E YT N U RIS R o [ S U ST E SR RS R
0 02 04 06 08 1 0 02 04 06 08 1
3rd jet (btag ordering) quark-gluon discriminant 4th jet (btag ordering) quark-gluon discriminant
quarks < » gluons quarks < » gluons
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Measurement Strategy:

CMS Preliminary Vs =8 TeV
— T T

<t T T
O. Presel. & Trigger . . .
S 10° .esomy Categorization according to neural net output:
[2) [JQacD (x 1.31)
£ 10 : _ : :
0 : » No kinematic information of b-tagged jets
o 1 03 -smgle top
102 y rHioots > Minimal correlation with M(bb)
10
o 12 Cat. 0 Cat. 1 Cat. 2 Cat. 3 Cat. 4
E 15; ................................................................................................................... ANN < 0-52 0.52 S ANN < 0'76 0.76 S ANN < 0'90 0.90 S ANN < 0.96 ANN 2 0.96
S SO —
§ °§ PPN RPN BN R BRI B R B CMS Preliminary Vs=8TeV L =19.0fb"
04 02 0 02 04 06 08 1 12 %; LU
ANN Output G 200 + c;:uData 3
LD_ Background-only Fit :
JFit+1o B
I 150 ) Fit= 20 .
. 2 [0 Signal (125 GeV) x 10 ]
- Use M(bb) to extract signal: S 100 .
. >
» In the 4 categories w g
» B-jet energy regression to improve |
resolution. (same as VH analysis) = 7
& o
©
o
%0 | | | l | | L1

1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
80 100 120 140 160 180 200 220 ..240

M ....‘ -.

bb:is
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Jet physics for Higgs searches with the CMS Experiment MANCHESTER

VBF H(bb): Cross-check & Results

1cheste

The University of Ma

Cross-check :Search for Z>bb peak in the m(bb) spectrum

CMS Preliminary

(515000_— s=8TeV —

> Same event pre-selection. %— E
> Same fitting procedure. 8 unf g E
» Result in agreement with the expectations: . - E
- observed (expected) significance: 8.0 (6.8) . ] :

: i H%f mﬂ*i*ﬂ T+++1HH 5

80 100 120 140 160 180 200 220 240

My (GeV)
W71 71 T 1 T T ]
& - CMS Preliminary —=— CL, Observed |
\b 12— s =8 TeV — - CL Expected ]
Resu Its: 0 N L=190fb'  ----- CLg H125 Injected ]
& 10— VBF H— bb CLg Expected+ 10 ]
:'E' - CL4 Expected+ 20 .
s e - — ]
> Limit at 125 GeV: 2 O .
» Observed: 3.6 x SM g e .
> Expected 3.0 x SM 2 o B
g :
> Best fit: n=0.7+1.4 I ———R E
C 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ]
0 115 120 125 130 135

Less sensitivity than the VH channels Higgs Mass (GeV)
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i Jet physics for Higgs searches with the CMS Experiment
Jet Multiplicity and H>WW
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Search for a final state with two charged leptons: H—>WW-—>212v.

To increase sensitivity: categorization in jet multiplicity
- 0 jet, 1 jet and two or more jets.
—> Signal and background differ by categories.

Zero-jet and one-jet ggH tag

Two-jet VBF tag

Two-jet VH tag

Number of jets

=0/1

>2

>2

Default analysis

Alternative analyses

binned shape-based (ey)
counting (ee, pp)
parametric shape-based
counting

binned shape-based (ep)
counting (ee, y})

counting

applied
WW, top-quark

counting

binned shape-based

vetoed

WW, top-quark

VBF tagging —

Main backgrounds WW, top-quark, W +jets, W’y(*)
Category ggH (%) VBE (%) VH (%) \[T‘:a; %\7 W\/V;’ilglﬁev

Two-lepton analyses

O-jet different-flavor (shape-based) 95.7 1.2 3.1 52.6 245
0O-jet same-flavor (counting) 98.1 0.9 1.0 10.4 58.5
1-jet different-flavor (shape-based) 81.6 10.3 8.1 19.8 111
1-jet same-flavor (counting) 83.6 11.2 52 3.1 19.6
2-jet VBF tag different-flavor (shape-based) 22.3 77.7 0.0 13 6.4
2-jet VBF tag same-flavor (counting) 14.2 85.8 0.0 0.3 2.3
2-jet VH tag different-flavor (counting) 55.5 47 39.8 0.8 43
2-jet VH tag same-flavor (counting) 65.1 41 30.8 0.2 2.8

Jet characteristic to

VBF process.

Centrally produced
jets from decay of W/
Z

Jet counting categorization - systematic uncertainty: - of 7-20% on the signal yields

- of ~5% on VV yields

»[CMS-PAS-HIG-13-023]

17/07/14 Arnaud Pin veltoes and multipliCity observanles
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> Three production modes mvestlgated for H>bb:
| TSNS

> Assomate production with vector boson (WH / ZH)
- Most sensitive analysis [PhysRevD.89.012003] (5.0 + 19.5 fb1)

-Sensitity improved due to b-jet energy correction. !

, » Higgs production by vector boson fusion [cms-PAS-HIG-13-011] (19.5 I
D %05 fbr)

A
" -Successfully employed quark-gluon separation .
. ,:" .' » Multiplicity, width, energy sharing '
,’j«v, f* « Simple likelihood with three inputs, up to |[n| =5 eN
fﬁ » Quarks well modeled by MC, gluons not so well
j " S Boch.d ST

&‘\ > Search for H>WW:

- Categorization in term of number of jet.
. - Analysis optimized for each category - to reach the best sensitivity.

! \ g \ ~'Mm

Jet vetoes and multiplicity observables
2014 - Durham
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Jet vetoes and multiplicity observables
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i Jet physics for Higgs searches with the CMS Experiment

Particle flow jet.

» Particle Flow:
» Reconstructing all stable particles in event
« Using all detectors in unison
» Powerful tool for jet structure
* Particle-level information

CMS prellmmary, L=1.6 fb1 /s =

8 TeV

C
@)
 Full access to jet shape *g 0.9
+= 0.8
>
) . > 0.7
()
c 0.6
neutral o
hadronxv & 0.5
0.4
charged O
hadrons e’ 03
photon 0.2
BT 4
JET 0.1
30 100 200 1000
P, (GeV)

17/07/14 Arnaud Pin
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i Jet physics for Higgs searches with the CMS Experiment

Gluon quark tagger smearing

Q

% Take likelihood (LD) distributions for quarks and gluons separately

1

+ Define smearing function: g(x,a,b) = tanh (a arctanh (2x — 1) +b) /2 + 5

- Changes value of LD on jet-per-jet basis

CMS Preliminary, L = 18.3 fb'at \'s=8TeV

: - = - ' | T ]

- Not a reweighting S [ 50<p <65GeV, hi<2 .
0925 [ quarkmc .

. . . . . o B e Quark MC After Smearing —
Reduces LD discrimination 2 ,f Y eiuonmo .

g B ®  Gluon MC After Smearing ]

% 0 15:— :

< Smear until data and MC agree S ]
L 0.1 ]

* X2 minimization 5 f
0_ 1 | 1 [ | 1 I | | | I | | 1 | I 1 | 1 B

0 0.2 0.4 0.6 0.8 1

Quark-Gluon Likelihood Discriminant
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i Jet physics for Higgs searches with the CMS Experiment

Gluon qaurk tagger smearing

Pythia — Herwig agreement:

17/07/14 Arnaud Pin

Efficiency (LD > 0.5)
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CMS Simulation Preliminary, /s = 8 TeV
T T

- T T T I T | T I:
f_ ® Quark (Pythia6) m Gluon (Pythia6) _f
- Quark (Herwig++) [ Gluon (Herwig++) -
55 " m O g
— _ I m
: ===
- Mi<2 Smeared DiJet MC —i
- | | | | | | | | | I:
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Jet P, [GeV]
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i Jet physics for Higgs searches with the CMS Experiment UCL
Pile-Up T

g
H
B
g
£
£
3
Z

% Current LHC running: high-pileup conditions
» Average of 23 extra interactions (and up to 40!)

% Additional collisions produce soft jets

« But can overlap (combinatorics!) . p
CMS Preliminary, Vs = 8TeV L=20 fb

* Resulting jets can have pT > 25 GeV g 7;
5 | Z—un +
-— 6_
: : 8 "I Ipl<25Jetp.>25GeV
% Pile-up jet ID = N <e.5Jelp,>e0 e .
* Crucial for analyses with low-pT jets g | —AllJets (Data)
< 4;— ----- All Jets (MC) —+
3l PU Jets (MC) ++
2_ ----- Real Jets(MC) B
1:+_,.;b""_""-:“+ .............................................
O: ..........................................

Number of Primary Vertices
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i Jet physics for Higgs searches with the CMS Experiment

Pile-Up ID

Q

Pile up jets mainly overlap of soft jets from extra
interactions

¢ Two main characteristics:
 Tracks incompatible with primary vertex
* Clustered particles more diffuse
% Selected 12 variables (scanned >80) . Pile-Up jet
* 4 track variables (|n| < 2.5)
8 shape variables (|n| < 5)

% Again making use of powerful Particle Flow information

‘Real’ jet
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i Jet physics for Higgs searches with the CMS Experiment

UCL

Pile-Up ID

< Twelve variables fed to an MVA (BDT)

* Trained separately in four |n| bins

+ Tested on Z—pup data

< Best discrimination in central region

CMS Preliminary, Vs = 8TeV L=20 fb

Z— ® Dat
oy
I — Gl
T Il <2.5 Jet p, > 25 GeV Quuac::

- PU
1 05 U Real Jet

Events/0.02

10°]

1L s o
1 0806 04-02 0 02 04 06 08 1
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8 Jet physics for Higgs searches with the CMS Experiment UCL

= Application of Pile-up ID —
== Jet Veto @

“ An example: jet veto in Z—pp analysis

« Without pile up ID: large dependence on pile up for pt < 40 GeV

+ With pile up ID: no dependence

5.1/fb 8 TeV. CMS Preliminary 5.1/fb 8 TeV. CMS Preliminary

n 1 ' ] on 1r g ——
= - no Jet ID oo . = - o BUNRS .
O o8 o= . S 09f -~ -
o “°F L* - # vix all 1 o T F - ]
= B - -o-# vix [0,8] ] = N 3
L ool T #vx[912] L oosfE o =
= [ - #vix [13,16] ) o - - # vix all ]
S g4 - #Wx[17,20] 1 S 47F - e +ZVtx Eg,?]a E
c U EC ! \ari -o-# vix [20,+] - c ' F | \ari vix [9, B
S 02h Jet ID - C 0.6 e JetID - #x[17,20] ]
© i . © C - #Vtx [20,4] ]
L B J L N ]
0 | | | | 1 0'5 | 1 | | |
2 1 50—0—0—5_#-0—0—0—6—0—0—0—‘—0—*-0—: .0 1o0of ' ' ' ' ]
@© F - 3 -.(_U’ - [ ]
o 09F «- E o »a ]  different
0.8 F —* = 1 :o—:f:—'3$o=-o—o—o—o—o—o—o—o—o—o—o—ﬁ—_ - '
F o E B ] axis scale!
0.7 E 0.98 |- ] /
0.6 b— ' ' '
20 40 100 20 40 100
Jetp threshold [GeV] Jetp threshold [GeV]
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# Jet physics for Higgs searches with the CMS Experiment
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