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Models considered

 We search for two types of heavy resonances:
. Excited quarks: ¢ = gW and ¢ — qZ
e X -WW,X - ZZ,and X = WZ

« Many options for X — VV (V. =W, Z):
« Randall-Sundrum Gravitons Grq — WW, ZZ

Bulk-graviton with enhanced coupling to WW or ZZ

W' - WZ

« with ¥’ couplings from the extended gauge model

Low-Scale Technicolor, pr¢c - WZ4

SM Higgs-like boson, H - WW.,ZZ
(in addition to 125 GeV Higgs, as a reference at high mass)

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014



Models considered

 We search for two types of heavy resonances:
. Excited quarks: ¢ = qW and ¢ — qZ
e X - WW,X - ZZ,and X = WZ

« Many options for X — VV (V. =W, Z):
Randall-Sundrum Gravitons Grg — WW, ZZ

Bulk-graviton with enhanced coupling to WW or ZZ
Covered in
W' —WZz this talk

« with ¥’ couplings from the extended gauge model

Low-Scale Technicolor, pr¢c - WZ4

SM Higgs-like boson, H - WW.,ZZ
(in addition to 125 GeV Higgs, as a reference at high mass)

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014



Analysis strategy

* Here consider hadronic decays W — j7 and Z — 33

e Xisheavy — V'sare boosted — merged in a single jet:

e Signal looks like:

Merged
W or Z jet

Merged
W or Z jet

e adi-jet event
e each V jet has two-prong substructure

* Apply “W/Z tagger” to one or both jets in dijet events

* Look for a peak on top of a smoothly falling background

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014



BR(W/Z->jj)xacceptance

Basic selection

 QCD is the only relevant background

EXO-12-024

« Reduce it with |n; — n2| < 1.3 (similar to other di-jet searches)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

CMS Simulation
Gg -> WW Herwig++

Gg -> ZZ Herwig++

—— W'-> WZ Pythia Z2*

q* -> QW Pythia 22*
------- q* -> qZ Pythia Z2*

01'

Ly v o ey e ey by e by
00 1500 2000 2500 3000 3500 4000
Resonance Mass (GeV)

Before W/Z-tagging,
we still have
~ 40-50% of the signal



W/Z tagger (rehash)

EXO-12-024
« Cambridge Aachen 220010’
S : v 5 — g* (1.5 TeV) -> qW (x 406) Pythia Z2*
with jet pruning, C 2000 .
: R 08 o C ——— g* (1.5 TeV) -> qZ (x 1170) Pythia Z2*
using — U Lﬁ 18001 Gpg (1.5 TeV) -> WW (x 38600) Herwig++
- G (1.5 TeV) -> ZZ (x 78500) Herwig++
- 1600/ ns
* Pruned jet mass . W' (1.5 TeV ) -> WZ (x 58100) Pythia Z2*
1400( N

CMS Preliminary(19.8 fb™)
Vs=8TeV
CA pruned R=0.8

1200
1000
800
600
400
200¢

—e— Untagged data
—— QCD Pythia Z22*
-----QCD Herwig++

i__IIIIII]IIILIlI_[_iII

s
[ ——eSaae
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0 50 100 150
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200
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W/Z tagger (rehash)

EXO-12-024

X

'y

(=)
©

« Cambridge Aachen o 2200

— g* (1.5 TeV) -> qW (x 406) Pythia Z2*

: : : ot
Wlt.h Jetfgr_u rg)l n8g : % 2000 ——— qg* (1.5 TeV) -> gZ (x 1170) Pythia Z2*
usl| ng - Lﬁ 1800 Gps (1.5 TeV) -> WW (x 38600) Herwig++

1600 ——— Ggg (1.5 TeV) -> ZZ (x 78500) Herwig++

 Pruned jet mass:

70 < Mie; < 100 GeV 1499
1200+

_ 1000
* NB: narrower window  ggq

than in semileptonic

- W' (1.5 TeV ) -> WZ (x 58100) Pythia Z2*

[\, CMS Preliminary(19.8 fb™
ai Vs=8TeV
CA pruned R=0.8

—e— Untagged data
—— QCD Pythia Z22*

I___IIIIIIIIIILI[I_[_iII

searches o - QCD Herwig++
400
« Here QCD Is much gl
higher . Stereesenanan
0 50 100 150 200

« On average, best sensitivity for all models Jet Mass (GeV)

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014



WI/Z tagger (rehash)

EXO-12-024

» Identify boosted ~ _ _ diosz’k min AR, ARo iy ..., ARN &
k

V-jets using the .

“N-subjettiness”
. . 2 2200
(using unpruned jet) €
d>32000
« Consider T2/7 H 1800
e close to O for jets with 1699
two subjets (signal) 1400
1200
e closerto 1 for QCD
1000

800
600
400
200

Petar Maksimovic, Johns Hopkins Search f

X

-

o
w

—— q* (1.5 TeV) -> qW (x 406) Pythia Z2*
—— q* (1.5 TeV) -> gqZ (x 1170) Pythia Z2*
Ggs (1.5 TeV) -> WW (x 38600) Herwig++
——— Ggs (1.5 TeV) -> ZZ (x 78500) Herwig++
— W' (1.5 TeV) -> WZ (x 58100) Pythia Z2*

CMS Preliminary (19.8 fb‘1)
—e— Untagged data

— QCD Pythia 22~
...... QCD Herwig++

Vs=8TeV e
CAR=0.8 |

L
=]
N
o
=
=]
o
=]
o
|



WI/Z tagger (rehash)

V-jets using the

EXO-12-024

» Identify boosted ~ _ _ dio S premin ARy, ARs g, ooy AR g
k

“N-subjettiness”
. . 2 2200
(using unpruned jet) <€

22000
« Consider T2/7 H 1800
e close to O for jets with 1699
two subjets (signal) 1400

12
* closerto 1 for QCD %
1000
800
e High purity: 600
To /T < 0.5 400

200

Petar Maksimovic, Johns Hopkins Search f
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CMS Preliminary (19.8 fb™)

—e— Untagged data

— QCD Pythia z2*

..... QCD Herwig++
,// .,

q* (1.5 TeV) -> qW (x 406) Pythia Z2*

q* (1.5 TeV) -> gZ (x 1170) Pythia Z2*
G (1.5 TeV) -> WW (x 38600) Herwig++
Gpg (1.5 TeV) -> ZZ (x 78500) Herwig++
W' (1.5 TeV ) -> WZ (x 58100) Pythia Z2*

Vs=8 TeV e
CAR=0.8 |

RN
™,

QQ
o
N
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WI/Z tagger (rehash)

V-jets using the

EXO-12-024

» Identify boosted ~ _ _ diosz’k min AR, ARo iy ..., ARN &
k

“N-subjettiness”
. . 2 2200
(using unpruned jet) <€
22000
« Consider T2/7 H 1800
e close to O for jets with 1699
two subjets (signal) 1400
12
* closerto 1 for QCD %
1000
800
« High purity: 600
To /T < 0.5 400

* Low purity: 209

0.0 < T2/7'1 < 0.75

Petar Maksimovic, Johns Hopkins Search f
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—— q* (1.5 TeV) -> qW (x 406) Pythia Z2*
—— q* (1.5 TeV) -> gqZ (x 1170) Pythia Z2*
Ggs (1.5 TeV) -> WW (x 38600) Herwig++
——— Ggs (1.5 TeV) -> ZZ (x 78500) Herwig++
— W' (1.5 TeV) -> WZ (x 58100) Pythia Z2*

CMS Preliminary (19.8 fb‘1)
—e— Untagged data

— QCD Pythia 22~
...... QCD Herwig++
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Signals after full selection

Both ¢ — ¢V and X — V'V using high-purity W/Z-tag

o 024 = _ _
© 0.22F CMS Simulation EXO112-024
Q il = — q*->qW Pythia Z2*
N =3 q*->qW Py
> 0012 E_ ----- q*->qZ Pythia 22*
E 0.1 6 - Ggs > WW  Herwig++
et 6
.-E E ———— Gpg > ZZ Herwig++
& 0.14 = .
0.12;_ — W'->WZ Pythia 22
0.1
0.08F- (All normalized to
0.062— the same area)
0.04} ,.
0.03 ? - fk-f:?f?:ﬁﬁﬂ-‘:—-_!‘.' ) ! g o) N pegey |
1000 2000 3000 4000 5000

Dijet Mass (GeV)
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Substructure data/MC scale factor

e Study performance of W-tagging in data

» derive data/MC scale factor (SF)
 error on this “substructure SF” — systematics on the signal!

* The only clean sample of merged hadronic W's is #t
component of £+ jets

* where top enough
boosted that W — qq
merges into one jet

* but not too boosted so w00l

that b-jet merges as well \ :
200/-

- 1 1= Tl | e B
00 400 600 800 1000 1200 1400
Jetp_ (GeVrc)

0.16

=
1

Cambrldge Aachen R= 0 8

[ Jetp >200GeV/c hi<24
B 0.14

- HERWIG++ ff <y>=0

400 | Cambridge Aachen R=0.8

0.12

Jet Mass (GeV/c?)

Petar Maksimovic, Johns Hopkins Search for resonances i
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Substructure data/MC scale factor

* Anatomy of the W-peak: Merged W — qq

This is what we want

W - gqg from ¢t CMS Preliminary, 19.5 fb ™" at ﬂE=BTeV/W_> ev HP

which did not merge. —_ “F g g T T

e “combinatorial
background”

;
@
O
. ’7'2/ T1cut causes f—; 200
it to peak broadly £
@
. needs to be sub- 10
tracted away
(done in the fit)

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIII

1 ) I B | i

70 80 90 100

Pruned jet mass (GeV)

Petar MakSimOViC, JOhnS Hopkins LUV TV TUOUIHTUATIVL O T VYV tuYy YL u UljuLo UOJLWUIL UL L vvull\ullur) 2014
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Substructure data/MC scale factor

JME-13-006

CMS Preliminary Simulation, Vs = 8 TeV, it
||||||||||||||||||||I||||||||

Events /(5 GeV)

S S Shape of non-merged
350 - unmatched - hadronic W - gq decays
300F =—— from simulation
250 - ’/—i .
200F E  Match W-jet to
150 \ generator-level W - Qg
100£° T~ 1200 e aS Preliminary Simulation, fBa Pt
50 |_| = % pass
%:....|....|....|..|....|....|....|....|....: 01000 matched
0O 50 60 7 80 90 100110120 130 n
m, (GeV) —_
1} @ 800
. R <
* Model jet mass in ¢t T 600

by narrow + wide

components : 400

200

IIIII 111 | L 111 | L 111 | 1111 | 1 L Ll | Ll 1l
QO 50 60 70 80 90 100110120 130
Petar Maksimovic, Johns Hopkins Search for reson m.J (GEV)




CMS Prellmmary 19.5fb " at\s=8 Tev W—> uv

In u—+ jets and e + jets
100

——~ BOOF T T
Substructure SF 3 | B« Single Top
JME-13-006 © ool B wwwz/izz B w-iets E
= - e dat*a Ty Wc fit )
. Simultaneous fit to N | i
events thatpass ———— - | } Evetngz a5
AV i o
and fail W-tagging, 200 | | W-tagging

e Scale factor

-

4050 60 70 80 90 100 110 120 130
SFWtag = 0.89 = 0.12 pruned jet mass (GeV)

CMS Prellmlnary 19 5 fb at Vs =8 TeV, W— p, Y

—_— 300 T T T T
% - I__L|S|ngleTop %

L USe MC to EXtrapO|ate (._2 250 .WW/WZ/ZZ -W+jets
to h|gher pT(_]et) I- data - |+nc fit
« Systematics (12%) from

| — data fit
I
comparison of HERWIG++
and Pythia6 100

Events
that FAIL
W -tagging

40 50 60 70 80 90 100 110 120 130
Petar Maksimovic, Johns Hopkins Search for resone pruned jet mass (GeV)



16

Effect of one W/Z-tag
EXO-12-024
« Fraction of events passing one-“W/Z-tag” requirement
= T cus Preliminary (19.8 fb™)
\c—u# B @:81-8\/
E - High Purity Single W/Z-tag
a B e -
[ - ¢ data .. ] > Excited quark
g’ — QCDPythiaz2* .- o -> QW Pythia 22 e signal models
'F) 10-1; ----- QCD Herwig++  ----- q* -> qZ pythia 22* g
< !‘o.'.’
______ JE
o QCD:
T e suppressed
+ + By ” ~10 times
| I | |- | | | | | | | | | | | | | | 1 1 | | | | | | I:I |
10000 1500 2000 2500 3000 3500 4000

Dijet Mass (GeV)
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Effect of two W/Z-tags

EXO-12-024
* Fraction of events passing two-“W/Z-tag” requirement
) 1 -
- - CMS Preliminary (19.8 fb™)
> [ ls=8Tev W-tag on both jets
< i
— N
8’ 10 1 3 High Purity Double W/Z-tag
- - >~ Various X — VV
% — + data Ggg > WW Herwig++ Signal models
| S
_§ 1 0'2 E_— QCD Pythia 22" G ¢ > ZZ Herwig++
— - QCD Herwig++
z — W' -> WZ Pythia Z22*
oo
10°E A
- A QCD:
i | #I > suppressed
10‘4 | | | | | | | | | | | | 1 | | | | | | | 1 | - 102 times
1000 1500 2000 2500 3000

Dijet Mass (GeV)



Data-Fit
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“Bump hunt” in di-jet data

EXO-12-024
e Background: smooth fit to data (no need for background MC)

« Parameterization same as other CMS di-jet searches

_ do _ P —my/VE)n
dm;j (mji//s)"

(Fisher F-test: no additional
parameters are necessary)

~

 Po(mjj)

e Low Purity Single W/Z-tag data
—Fit

--qF->qW

CMS Preliminary (19.8 fb™)

\'s =8 TeV
ml <25, ]An| < 1.3
CAR=0.8

o
(¥
I IHIHIl T TTTT

oL v Joint likelihood for S+B

e 1 ( + marginalized over nuisance
parameters:

10°® q*->qW (3.0 TeV.)/._.\_\

« flat priors for signal, Py, P1, P>

\‘
A \‘
kY
T

Arbitrary Scale

1000 1500 2000 2500 3000 3500
Dijet Mass (GeV)
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Single W/Z-tag data

EXO-12-024
 Simultaneous fit to high-purity (72 /71 < 0.5) and low-purity
(0.5 < 72/ < 0.75) data

AL B L B
@ Low Purity Single W/Z-tag data

L B B L L DL L
-@- High Purity Single W/Z-tag data

= 107 <4 > 108 E
= . 4 O = =
© ¢ —Fit O — Fit -
~ B * 1 = 2 ]
a8 F 9w 27 9 107 -~ q*->qW 5
= .. oy 3 O = =
£ 10°% Ns=8Tev =~ 2 E 10°F s = 8 TeV E
% - |E:]|A<R='o.’si i<t . % - | < 2.5, |An| < 1.3 .
O 10'4 = = S 10-4 = CA R=0.8 =
107 7 10 -
10 ;_ q*->qW (3.0 TeV_),_,._.,.\‘ _; 10° ; q* -> qW (3.0 TeV)," 7;
it oF ] = ~ n
L 2
sl 8 O " & & of _ _
|0 el . é : 5 = 2k ]
() 1000 1500 2000 2500 3000 3500 (DU © 1000 1500 2000 2500 3000 3500

Dijet Mass (GeV) Dijet Mass (GeV)



Data-Fit

do/dm (pb/GeV)
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Double W/Z-tag data

EXO-12-024

e Simultaneous fit to high-purity (75 /71 < 0.5) and low-purity

(0.5 < 1o /m < 0.75) data

T T T | T T T T | T T T T | T T T T
@ Low Purity Double W/Z-tag data
— Fit
- - Ggg>WW

CMS Preliminary (19.8 fb™")=
\'s =8 TeV

ml <25, lAnl < 1.3
CAR=0.8

Gpg>WW (1.5 TeV)

STl ol ol ||m Cod 1l

1000 1500 5000 5500 3000
Dijet Mass (GeV)

do/dm (pb/GeV)

| L
& High

IIIIII| I IIIIIII|
Ll
—

)

RS

SWW (1.5 TeV

T T | T T T | T T | T T T | T T | T T
Purity Double W/Z-tag data

CMS Preliminary (19.8 fb’
\s =8 TeV

nl <25, lAnl <1.3
CAR=0.8

| | IIIIIII| | IIIIIII| | IITmﬂlL IIIIIIII| ] IIIIIII|

1000 1500 5000 5500

Dijet Mass (GeV)
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102

5 x BR(X — qW) (pb)

103
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¢ — qZ,qW in di-jets

EXO-12-024

CMS Preliminary, 19.8 fb”, s = 8TeV CMS Preliminary, 19.8 fb™, /s = 8TeV

I —— Observed I —— Observed
............ Expected Expected
3 [ ]+ 10 Expected o) 1= [ ]+ 10 Expected
- I + 2 ¢ Expected o - I + 2 6 Expected
= —a* w —_ - y 4
i qa —q ) qa —q
- d 10—1 -
DI
I x i
‘ 5
L 2|
E x 107
- ©
| 11 1 | | | 1 1 1 | 1 L |1 | L1 1 1 | |1 l | | 1N 1| | 10—3 | L1 l | | I 1 1 1 I 11 | | ‘ | | . I 11 l | |
1 1.5 2 2.5 3 3.5 4 1 1.5 2 2.5 3 3.5 4
Resonance mass (TeV) Resonance mass (TeV)

* g* - qW(qZ) excluded in mass range 1.0 to 3.23(3.00) TeV
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102

o x BR(X = WW) (pb)

107
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Grs - WW/ZZ and W' — W Z in di-jets

CMS Preliminary, 19.8 fb™, /s = 8Tev  EX0-12-024" cys preliminary, 19.8 fb", (s = 8TeV

—— Observed
e EXp@Cted
[ ]+ 10 Expected

] + 2 0 Expected
— G~ WW

=9

1 1 | 1 1 1 1 | 1 1 1 1
1.5 2 2.5 3
Resonance mass (TeV)

o x BR(X = WZ) (pb)

10"

102

1073

—— Observed
e EXpected
[ ]+ 10 Expected
[+ 20 Expected
—W'—WZ

1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
1 12 14 16 18 2
Resonance mass (TeV)

» G_ (kM =0.1) -~ WW(ZZ) excluded in mass range 1.0 to

1.59(1.17) TeV

« W - WZ excluded in mass range 1.0to 1.73 TeV
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Where we are now

« CMS has a broad program of searches to qV and VV
heavy resonances

e \We are getting a handle on how to deal with boosted
objects

* special isolation of leptons from Z's and tops [cf. other talks]
« deconstruct merged jets from W and Z (and tops)

 Deploying these tools in analyses — several results are the
best of its kind

e most stringent limits on
e gx — qW and qx — qZ
- W - WZ

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014



Where we are going

Aim at covering all possible final states for best sensitivity
over the full mass range

 Including semileptonic channels, nost stringent limits to date
in all final states (qW, qZ, WW, ZZ, WZ)

« Combine 8 TeV searches (synchronize models across analyses)

Upgrade everything for 13 TeV

CMS Experiment at LHC, CERN
Data recorded: Sun Oct 7 17:44:20 2012 EDT
Run/Event: 204601 / 86907607
Lu 752
invariant mass = 2163.7
No excess so far, but stay tuned! WZ >
] ela =0.145
phi = 0.202
Tet=201.95 -

eta = 0.446 -
phi = -3,120 Y
| mass = 11.14

\ =2.16TeV =
— ta = 0.245
7’ Tk m . e :hi=ﬂ.012
ot ﬁm‘ mass = 13.46
p_hi=-&05?§
massst: |

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagg
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BACKUP MATERIAL

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014
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Final states in play

 Covered today (recent 8 TeV results)
 WZ decaying into leptons

e W'/pre — WZ — 30 4+ BRI (EX0-12-025)
« WW, one W decaying leptonically, other hadronically
e Ghuk = WW — £+ EF™ + jet (EXO-12-021)

« WW, WZ, ZZ, each V decaying hadronically
e Grs > WW/ZZ and W' — WZ  (EXO-12-024)

 Not covered (7 TeV results, updates in progress)

« ZZ, WZ, Z decaying to dileptons, V decaying hadronically
« Gps > ZZ and W' — WZ

« ZZ,0ne Z decaying to neutrinos, other Z hadronically
. GRS — L7

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12025
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12021
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12024
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Goulk — WW — £+ ER™ + jet

« One W — v/, the other W — jj

e one side: isolated lepton + missing energy
« opposite side: highly boosted W — 77, merged into one jet

|solated < : Merged
EmISS —_— o .
T single
“W” jet

« Same as for heavy Higgs, but boost is larger
(see talk by Zijun)

e I|dentify boos{ed W-jets with “N-subjettiness” variable T2 /7
TN = & ZPT,k min ARy, ARk, ..., ARN
k

. 72/71 peaks near zero for two subjets

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014



W-tagging efficiency

e Efficiency to reconstruct a
W as a single CAS8 jet.

CMS Preliminary Slmulatlon, Fs 8 TeV W+]ets

> T T =
3) B |
- B
Q0 — .
9 0.8 -
\5 —
g-.g@:;;s:e-.sa:sa:z:z:a:::e:z: merged jet efficiency
0.6+ single CAR=0.8 jet |
I AR (W,Jet) < 0.1 |
i resolved jets efficiency |
0.4+ -
B b two AK R:0.5 ]etS ]
i AR (q,Jet) <0.1 ]
0.2 _
i | | | | rm*?m»l [t | | | | | l |
8.2 04 0.6 0.8 1
p.. (TeV)

efficiency

28

Once we have a W in a CAS,
efficiency to pass W-tagging

o
o)

o
o

©
N

0.2

CMS Preliminary Simulation, (s = 8 TeV, W+jets

—
T

I | | | I | | | | ] | | | I I | | | I
XX SEREL l
W .’\(Y(x
;OC CA R=0.8 W&%Egg B
5 5
signal, mass cut
signal, mass +1,/7, cut
1 | | 1 | | | 1 | | | 1 | | |
2 0.4 0.6 0.8 1 1.2

p, (TeV)
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Di-jet mass distribution: MC vs data

10° ¢ 4
2 g CMS Preliminary(19.8 fb™) 2 10 CMS Preliminary(19.8 fb™)
c c
) 5 B Vs =8 TeV ) Vs =8 TeV
> 1075 CA R=0.8 Single W/Z-tag > CA R=0.8 Double W/Z-tag
L - —4 High Purity data w03 -4 High Purity data
104 - -# Medium Purity data - -# Medium Purity data
= — High Purity pythia i —+ High Purity pythia
3 —+ Medium Purity pythia 102 L —+ Medium Purity pythia
10 é_ --- High Purity herwig = ----High Purity herwig
- -+- Medium Purity herwig E ----Medium Purity herwig
10° ? 10=
105 -
~ 1=
1= =
101 | L1 L1 | | | I | L1 11 | | [ | 111 | | | i— - 10— | | | 111 | [ | | | LA | +—’r_-l——|-|'| L1 | L1 1 | |

1000 1500 2000 2500 3000 3500 4000 1000 1500 2000 2500 3000 3500 4000
Dijet Mass (GeV) Dijet Mass (GeV)

» Afairly impressive agreement between Herwig++ and
PYTHIAG6 QCD samples and data

Petar Maksimovic, Johns Hopkins Search for resonances in W/Z-tagged dijets Boston Jet Workshop 2014
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Goulk — WW — £+ ER™ + jet

EXO-12-021

* Require pruned jet mass 65 < mje < 105 GeV
* N-subjettiness: /7 < 0.5 (high purity) < 0.75 (low purity)

N

CMS Preliminary, 19.5)fb™\ at Ys=8TeV, W— nv

_IIII|IIII|IIII|IIIIIIII |IIII|IIII|IIII|IIII_

- Bwwwzizz
1000~ [T single Top

CMS Preliminary, 19.5 fo™' at {s=8TeV, W— uv

1200~ [ww/wz/zz Bl

- [JsSingle Top B W+jets
<~1000~ @ data

200

% _ ) - - ® data

_ — Bulk Graviton M=1.5TeV k=0.2 (x6x10") 1 oy goo 4y _
O o0l 1 8 i Bulk Graviton N 2 (x6x107) 7]
o = - - i
= 4 ~ B B
2 7 C - §
I= 1 o [ ]
D 400 1 |3 400 ]
> 4
LU 1 - :

500 600 700 800 900 1000 01 02 03 04 05 06 07 08 09 1

P Whaq (GEV) T / e

200 300 400



e Most stringent limits to
date in all final states
WW, ZZ, WZ (,qW, q2Z)

« Compare analyses
sensitivity in 2-D plane’  0.25
of coupling k/Mpy, and &

mass of RS1 Graviton % 0.2
» Different channels 015
are complementary 0.1
 Plan to combine all 8 0.05
TeV results

Petar Maksimovic, Johns Hopkins
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e CMS RSG — 2Z — 211}, 5.0/fb (CMS-PAS-EX0-11-081)
0.35 ——— CMSRSG — ZZ — 212j, 4.9/fb (CMS-PAS-EX0-11-102)
CMS RSG — ZZ — 2j, 4.94b (CMS-PAS-EX0-11-095)
——— CMS RSG — VV — 2j, 4.9/fb (CMS-PAS-EX0-11-095)
0.3

0II|III|IIIIIII|III|IIIIIIIIIII|

600 800 1000 1200 1400 1600 1800 2000
RS1 Graviton Mass (GeV)

Search for resonances in W/Z-tagged dijets

Boston Jet Workshop 2014
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