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PKU Diboson Analysis
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PKU CMS Group has made crucial contributions on

diboson analysis and given stricter limits on new

physics search.
>

Analyse: JME-13-006 EXO-15-002 B2G-16-004

B2G-16-007 B2G-16-020-B2G-16-029
» 6 analyses and 5 papers, from 5 years long journey
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Motivation

€ The usual framework of warped higher dimensional compactifications involves fields
corresponding to all SM particles propagating in the bulk of a warped extra dimension

It is modified by the inclusion of one such extra brane, located very close to the IR
brane.

€ The SM matter and Higgs fields are allowed to propagate only in the subspace from
UV to this “intermediate" brane

€ \We have close contact with the authors

SU(S)p X SU(?)L X U(l)y SU(Q)L X U(l)y

Radion

light fermions top, Higgs
KK W/Z/~
KK g

UV Higes brane R https://arxiv.org/pdf/1711.09920.pdf

Introduction of an intermediate brane (henceforth called, “Higgs brane”), which helps t

avoid experimental bounds so that new particles lie within reach of the LH(C!
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Particle and Interaction

» Lagrangian of WKK:

& WKK, fermions coupling: gV V kJVu

9vkk

where Jy,, is SM W current and gw is SM W coupling. This gives the production of WKK
via quarks and part of WKK decay.

® WKK,R,W coupling: e? Y e IV Vi Vi, ——
VKK MKK
where Vi is the field strength of KK (SM) W.
4 R, SM EW gauge boson coupling:
1 ggrav 2 my \4
1 ViV —

VKK

where gy is SM Z (photon) coupling.

gv 7
‘Cwarped 2 v V JV;L
Lagrangian expression: KK

1
+ ( ggrav 2 V/vaw +Gg gVKKgVV;wVKK> L

2
4 9 VKK VKK MKK

24 December 2017 CLHCP2017 5



Particle and Parameters

> Particles in MG5 model:

KK W/Z/A : WKK/ZKK/AKK, Radion: R, SM particles are the same as usual.

a) External Parameters:

- Mass: (KK scale and the mass for WKK)MKK,(Radion mass)MR;
- Couplings:

» ggrav : composite coupling in gravity sector;

» gWKK : composite coupling in for KK W;

» gZKK : composite coupling in for KK Z;
- epsilon: one parameter in the WKK,R,W coupling coupling

b) Internal Parameters:

8 Ak =gWKK\/1_(gWKK /gZIa()2
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Particle and Parameters

c)Allowed Parameter ranges: 6.0f
ggrav :1~6 5.5
gWKK : 3~6 50
gZKK \/g€VKK+32 ~\/ng1{7{+62 §45 0]
(Just like SM, g, =84« + o » Where gBKK S
is the KK U(1)_Y coupling. We demand that gBKK is 4.0
within 3~6, this gives the parameter range for gZKK, 35
which is correlated with gWKK.)
: . - 3.0L .
epsilon : 0.3~0.5 ] 5 3 4 5
MR : >=200GeV my,, (TeV)
Model Name Current search Allowed mass values [TeV]

MWk 2 2.5 for gwy, ~ 4

KK Emiss
w t+Er MWk 2 3 Or gwie ~ 3

> ~
EW model KK 7 00 vesonance M Zx S 2 for gz, ~ 5
Mz 2 2.5 for gz, ~ 3
KK ~ /¢ resonance Moy 2 2 for gy ~4
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Decay Channels

> Decay channels of WKK

MR=1500GeV MWKK=3000GeV

~ WR
—
- - WZ

WH

- —-dijet

2500 3500 4500 200 700 1200 1700
My /GeV M, /GeV

The branching ratio of WKK as a function of MWKK and MR
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Decay Channels

> Decay channels of R
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Figure 5. The left panel shows BR of radion as a function of g, , keeping gw,, = 6. The right
panel shows BR as a function of gy, keeping g = 2.5. In both cases we choose ggy;c = 6
https://arxiv.org/pdf/1612.00047 .pdf
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Our Plans

> Process1:pp—->wkk—>RV,R—->VV (2resonances)

“Boosted” three gauge bosons

Casel Case II

Vi (or V')
(2—-3TeV)

Vi (or V')
(2-3TeV)

(1-15TeV) (a few

Do hundred GeV)
V’s in the second step doesn’t need to be the same as V in the first step
@ could be a general scalar.

NOT covered by typical di-boson searches [Aguilar-Saavedra (2017), Collins, in progress]

[ HI333]

Case I: 3 boosted (massive) gauge bosons (vs. boosted di-boson searches (typically) selecting two

hardest boosted jets) [Agashe, Collins, Du, Hong, DK and Mishra, in progress|

O

Case lI: 1 boosted jet with more complicated structure [Agashe, Collins, Du, Hong, DK and Mishra, in progress)
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Our Plans

> Process 2:

* pp—~>X—->VVV (1resonance, simple)

> Process 3:

 pp—~VH, H-> VYV (1resonance)

* heavy Higgs with anomalous coupling
* Inspired by Prof. Yuping Kuang

« CPC40(2016)-023101

> Process 4:

 pp—-VVYV (0resonance)
« aQGC, in refer to SMP-13-008
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Samples of Two Cases for Process

@ Process: pp>wkk+>w+r, r>w+w-and pp>wkk->w-r, r>w+w-;
€ Parameters: gWKK=3, gZKK=6.708, ggrav=6, epsilon=0.5, MWKK>2500, MR>200 ;
€ Cross-section @ 13 TeV LHC : 2.73 fb MR=1500

3.34 fb MR=200

Casel ‘ Casell

=
~ \\ V j‘
Vg (or V') Vg (or V') s
(2 - 3TeV) it AUTEE L A j
(1-15TeV) v -~ (a few v
J hundred GeV)

€ Bkg samples are same as the normal EXOWW analysis: B2G-16-029

¢ Data:
2016 data with lumi: 35.861 /fb
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Distribution Plots
PT (R=0.1)

process: p p > wkk+ > w+r, r >w+ w-and p p > wkk- > w-r, r > w+ w-
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Distribution Plots
PT (R=0.5)
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LHE level

» process: p p > wkk+>w+r, r>w+w-and p p > wkk->w-r, r>w+ w-
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Distribution Plots
AR (W,, W,)

LHE level

» process: p p > wkk+>w+r, r>w+w-and p p > wkk->w-r, r>w+ w-

AR of W2 & W3 A Rof W2 & W3
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O angle between W, and W3 depends only on R, independent of

My ik
O For small R values (such as R~ 0.1), W, and W3 can be

reconstructed in an AKS jet
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SIM level

Distribution Plots

casel &case ll

Leading jet tau4?2

Mass wkk
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Cut Flow

case |

> Cuts:

lepton (u), lepton Pt>30, MET>30, Wlep Pt>200, JetAK8Pt1>200

, JetAK8Pt2>200, M_vvv>500, 65<sdmass1<90, 65<sdmass2<90, tau21_1<0.45,
tau21_2<0.45

wkk+ > W rr - WW', Vs=13 TeV
I | | | | I |
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Cut Flow

Case ll

> Cut:

lepton (u), lepton Pt>30, MET>30, Wlep Pt>200, JetAK8Pt>200, M_vv>500
, 100<sdmass<250, tau42<0.5

o wkk+ > W rr - WW', Vs=13 TeV
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Background Estimation

 Dominant bkgs from TTbar and Wlets, as in diboson analysis
e TTbar will be corrected in TTbar control region
* Wijets: from alpha method

Data-driven for Dominant bkg:
« Normalization: fit my sideband

* Shape: |Fyawsr (M) = amc(miy;) % Faaass (1))

anic (1) Fvcsr(my;)
mc(mpj) = ————
" Fucss(mu)
129" (13 TeV) 1g° 1280 ' (13 TeV
— L L L A L B A — =TT T 1T 1 1
> e > - -
S 800: 2:2”” * Dl Wiy .w.jn»:. K F SMFS. $ Dt Weeerw .w. jots .
700 =— - -]
i = [ (0 E w0 08¢ vz O: .
% Eba _:_ DSlrgle Top Uncealnty % 06— Dsmge Top [ uncertainsy
& 400> N & -3
B2G-16-020 =00z
200
100 — :
= =
(™ = 2
: S W W | t el
g8 oty L g oF
ol -2:- ] al” -2 7]
40 60 80 100 120 140 40 60 BQ 100 120 140
m,, (GeV) m,, (GeV)

» Process |l is easier as the 3 W-bosons behave similarly, and we plan to go first with this case.

» There are 2 jets, and we needs to consider SB*SR and SB*SB in jet mass distributions.
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Summary

Two resonance case is more complicated, although supported more by the

modified Bulk Extra Dimension model.

We plan to go on with the one resonance case, with which also to set up

the analysis machine with alpha method
We will also consider the aQGC case with no resonance (process 4)

New analysis coming soon, keep tuned
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backup
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Distribution Plots
dR

» process: p p > wkk+>w+r, r>w+w-and p p > wkk->w-r, r>w+ w-

A R of W2 & W3
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Signal Modelling

Fit pdf: Double Crystal Ball (case )

CMS Simulation preliminary
% E 2 + data
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For mass_ WWW, sigma is 374 GeV @3TeV;
Comparing with the previous study of WW, sigma is about 135 GeV
@3TeV.
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JetMass Window Optimizatighs

v\ O
D

1
- - - - : I) — E .
Punzi significance STZ VB

case |

Mass Window of Jet
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Punzi Sig
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0.015
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0.014

Illlllllllllllllllllllll

| I |
65-90GeV 65-95GeV 65-100GeV 65-105GeV

» The best cut of the two jet masses is 65-90GeV.
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Tau21 Optimization

tau21 cut relative efficiency tau21_2 cut relative efficiency

o L o 0.12—
@ r P C
§ 01— [ =
g r & 0.119—
0.109— 0.118—
: 17—
0.108}— 0 =
C 0.116[—
0.107— C
u 0.115(—
0.106/— 0.114f—

0.105— 0.13}— 1 1 1 , ,

! : ! . : 1,,<0.4  1,<045 1,<05 1,<055 @ 1,<0.6  1,<0.65
1,04  1,<045 1,05 1,<055 1,06 1,<0.65

> The best tau21 cut value of the two AK8Jets are both 0.45.
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Case ll

JetMass Window Optimization

Punazi significance: P =¢s——=

Mass Window of Jet

=)
b
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2614
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llIIIIIIIIIIIllIllIIIIIIIIX

| | | |
100-230GeV 100-240GeV 100-250GeV 100-260GeV 100-270GeV

» The best cut of the jet mass is 100-250GeV.
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Case ll

Tau21 Optimization

taud2 cut relative efficiency
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] ] ] ] ]
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» The best tau42 cut value of the AK8Jet is 0.5.
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case lll

jet1_tau21 jet2_tau21
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One resonance case is easier as the 3 W-bosons behave similarly.
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