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Motivation: BSM physics beyond minimal .

* Hierarchy: EW-M,, scale gap motivates BSM physics.
* No BSM physics yet = time to look in non-standard final states/scenarios.

Minimal Warped ED model: Extended Warped ED (EWED) model:
{ 2 Branes in bulk (in the RS framework). \ ( Extra brane by splitting=> extended bulk.
Everything propagates to the same bulk: * 3 or more branes, 2 or more Radions.
vV , R * Various fields propagate in diff. subregions:
uv Higgs brane IR
5D extended SM /
IR Radion
light fermions top/Higgs ,Radion /
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KK /

Gauge/Gravity KK

SM Matter, Higgs /_\J
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Extra Dimension
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* Di-SM suppressed
in favor of tri-SM:

* Di-SM dominant
phenomenology:

* Constrained by ; gl;ffxx * A wealth of new A =f W
KK F + . S
\_ LHC searches. Zxx t'H'WJ \_ signatures emerges: )

Th eory sources: * LHC Signals from Cascade Decays of Warped Vector Resonances arXiv:1612.00047
Kaustubh Agashe, et al * Dedicated Strategies for Triboson Signals from Cascade Decays of Vector Resonances arXiv:1711.09920
his talk at CMS * Detecting a Boosted Diboson Resonance arXiv:1809.07334
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https://arxiv.org/abs/1612.00047
https://arxiv.org/abs/1711.09920
https://arxiv.org/abs/1809.07334
https://arxiv.org/search/hep-ph?searchtype=author&query=Agashe,+K
https://indico.cern.ch/event/755143/contributions/3129333/attachments/1713233/2762825/multi_boson.pdf

EW fields propagate at the bulk Hypercharge at the bulk

EWED landscape & CMS searches

CMS

QCD fields at the bulk

SU). x SUE@)s x U(Ly SU@) x U(L)y . x SU(2) x U(L ULy SU3)e x SU(2)L x U(1)y SU(3).
Radion Radion
light fermions top, Higgs light fermions p, Higgs light fermions top, Higgs
; KK B KK g
KK g KK g/W KK W/Z /v
SMg = — SM g/W _ SMW/Z/
e - I— - - o
~ 0(10) TeV ~ O(TeV)
UV brane Intermediate brane IR brane uv Higgs brane IR
Jet q jet q
q' q ,’
w w Jet
Wik Jet Wi ~ &
N*\ A4 q ~~\
R* - R ~ w
g q Jet
w w AF —
q q
aqy w
Jet 4 ¥ Vare & et
T Jet d
Tri-W; W 2 WR2>WWW This analysis q Di-jet (merged) Tri-jet (resolved)
merged & resolved R; final states: 0l & 11 gk 2 9R2gWW g2 9R2g999g g2 9R2 999
2201 4 2112.13090 This search 2410.17303 2201.02140 2310.14023
4
Process Name MKK | My | Jykx | IWkk | Y9k | Igrav
TKK Tk —* 7Y —+ 799 (5.1) 7-799-BP1 3 ! 5 6 3 3
. ~¥-vgg9-BP2 3 1.5 | 2.7 6 3 4.1
Benchmark points & e 09 > 97y (522 997 BPL | 3 | 1 | 27 | 6 6 | 225
K L&
associated dominant 9'97""§§12 g If i; g g 2?;5
gkK | 9Kk — g — ggg (5.2.1) 97999~ ' '
process -> g-ggg-BP2 3 1.5 | 27 6 3 4 < 2201.02140 & 2310.14023
1612.00047 L4y | 99VV-BPL | 3 1 | 265| 3 6 3
(from ) gxx = 9 = gViVi (5:2.3) g-gV' V-BP2 3 1.5 | 2.65 3 6 5 & This search 2410.17303
W-Wgg-BP1 | 25 | 1 | 35 | 44 3 | 35
Wi | Wik = Wie = Wigg 53) |y woompa | 3 15| 3 | 35 | 3 | 51 & 2201.08476 & 2112.13090

20/02/25

gKK search at CMS, Antonis Agapitos, PKU


https://arxiv.org/abs/2201.08476
https://arxiv.org/abs/2112.13090
https://arxiv.org/abs/2410.17303
https://arxiv.org/abs/2310.14023
https://arxiv.org/abs/2201.02140
https://www.arxiv.org/pdf/1612.00047.pdf
https://arxiv.org/abs/2201.02140
https://arxiv.org/abs/2310.14023
https://arxiv.org/abs/2410.17303
https://arxiv.org/abs/2201.08476
https://arxiv.org/abs/2112.13090

CMS
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https://cms.cern/collaboration/cms-institutes

Signal topology & Preselection

CMS

*  We use benchmark point at which the dominant process is: g 2 gR 2 gWW
* Big advantage of the W-tagging & narrow mass-window to suppress QCD BKG.

y. Jet
EKK g Jet
'-\\ W
R
w
Jet

*  J is spin-T1, R is spin-0
*  We focus on the Ol channel: g =2 gR 2 gWW = jets (BR~56%)
*  We cover only the resolved R case: 0.2<mg/m4(<0.9 = 3 jets

10° 138 fb' (13 TeV)

Strategy:
Tri-jet selection,
2. ldentify (tag) 2 jets as
W-candidates with PNet,
form m; (R) and m.. (gyk),
4. bin over m;, fit m, 2>

1.

e
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F CMS B acD multijet
E Simulation | Top (t, single t)
o [l Other (V+jets, VV)

Preselection

“~Mgek =3 TeV, m, =2 TeV x10000

1500 2000 2500 3000 3500

my* (Ge
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My = 1.5 TeV, m, = 0.75 TeV x300 g

4000

V)

r

Preselection cuts:
1. Niag=3, N,=0,
2. prip = 400 (200) GeV,
|r]|| < 2.4, n=Intan(0/2)]
3. my, > 50 GeV,
4. Hyp =) pr(jet[i])>1.1 TeV



CMS

Datasets, Trigger, & MC samples

DATA: pp collision at 13 TeV Simulation (MC) Madgraph, Pythia ...
/c Full Run 2 (JetHT) dataset used. ) /BKG samples \ / Signal: 72 points, MG, LO \

138 fb"" (13 TeV)

° Trl gger p Cﬂ-hs: QCD_HT500to700_TuneCP5.] %3000 F
o QCD_HT700t01000_TuneCP5 8 9p ) )
H; (Hr = 2ipr(etli])) & m., g—based QCD_HT1000t01500_TuneCP = I -sean: Mg, Mgy
: ' QCD_HT1500t02000_TuneCP E o0 PR~ OB 0 :
e L=138fb- QCD_HT2000tolnf TuneCP5. F| 9 | 9w \| ok | Garav
. . . TTToHadronic_TuneCP5_13Ti ] 2.65 3 6 5
* Triggers OR combination found to be TTToSemiLeptonic TuneCP5 2000}~ —
Wets ToQQ_HT-400t0600 Tur :
eff. >~99% for H;>1.1 TeV. WetsToQQ_HT-600t0800_Tus -
CMS Integrated Luminosity, pp WJetsToQQ_HT-800toInf_Tun 1500—
_ Data included from 2010-03-30 11:22 to 2018-09-10 01:13 UTC ZJetsToQQ_HT-400to600_Tun B
-~ —— 2010, 7 TeV, 45.0 *® ZJetsToQQ-HT-800toInf_Tun 1000
m— 2011, 7 TeV, 6.1 b |
£ 80 =— 2012, 8 TeV, 23.3 &' 80 ZJetsToQQ_HT-600to800_Tun P
Z 7o e v ag a'bfh,l 70 ST_tW _antitop_5f_inclusiveD P
2 60 o v 60 ST_tW_top_5f_inc_1usiveDecay 500 - :
E 5ol 50 ST_t-channelJantltop_tlf_InFlu RN AR AN AR PRI AT IR
; ST_t-Channel_top_4f_[nc]u51ve 1500 2000 2500 3000 3500 4000 450
£ a0 ST_s-channel 4f hadronicDec m, (GeV)
5% 30 WW _TuneCP5_13TeV-pythia¢ — . 10°
£ 20 20 7Z TuneCP5_13TeV-pythia8 3 35000 xBR(pp —~ gk — 9R — gWW)[fb], MG, LO
T 10 10 WZ_TuneCP5_13TeV-pythia8 S Interpolation
£ | 3000
wt e ,\"‘“ AW g0 e ot ot oot ue L dCross 102
kY s s R S ¥
CMS Average Pileup .QCD mu"-IJEt 2500} 72 pOinfS
_ ° EEm 2018 (13 TeV): <> = 39 oo .Tﬂp {tt, Slngle t} -
3 I 2017 (13 TeV): <> = 38 . 2000—
3 %% == 2016 (13 TeV): <L> =27 | . Other {V'l'JEt, W) E 10
2 B 2015 (13 TeV): <> = 13 \ / C
< 4000 Em 2012 (8 Tev): <u> =21 |*°%° 1500 —
H EEm 2011 (7 TeV): <p> =10 =
g 3000| 3000 | 1
g o (13 TeV) =80.0 mb 1000
2 20 EEIN T :
< 500
S 1000 1000
¢

107

T T T S A T S S O A
1500 2000 2500 3000 3500 4000 4500

m, V

\ QKK(GQ)

o
20 20 &© ) A°
Mean number of interactions per crossing
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CMs,

W-tagging with PNet & SR binning

r

ParticleNet j,

* Use Particle Net (PNet) tagger (1902.08570) to 1.0
identify W—2>qq merged jets. 09t SRa
- Graph NN, treat jets as particle cloud 08t SRb

—> Convolution on point clouds (EdgeConv 1801.07829)

(‘simulated top quark jet
anti-kt, R = 0.8, pr = 600 GeV
EdgeConv
« - —
. "
® - )
Jid >
ParticleNet j,
CM 138 b (13 TeV
k -E\ 1_IIII|SIIII|IIII|IIlll\ll\‘II\\l\\\l‘\ll\‘ll(\llllll)
° F H ,I: “W QCD" I ’ 09;_ — Signalm _=1.5TeV, m =0.75TeV SRaA’
orm ratio o qq/ ciasses score. “F ¢ SRb —

0.8fF

0.7]

Data events/ 1000

* The 2 highest PNet score jets j,, j, are assigned
as W-candidates, is .. is the gluon.

0.6
0.5F
0.4

* Use PNet (MD) scores of j, & j, to select as:

0.3

SRa = both jets with PNet, ., >0.9 oz

SRb > PNet,>0.9 & 0.8<PNet,<0.9

01 02 03 04 05 06 07 08 09 1

ja
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https://arxiv.org/abs/1902.08570
https://indico.cern.ch/event/745718/contributions/3202526/attachments/1753880/2842817/jet_as_particle_cloud_ml4jets_20181115_hqu.pdf
https://arxiv.org/abs/1801.07829
https://arxiv.org/abs/1902.08570

CMS

W-tagging with PNet & SR binning

The PNet (MD) scores of j, & j, according to simulation
SRa = both jets with PNet,, >0.9

SRb > PNet,>0.9 & 0.8<PNet,<0.9

n xi ?3 L L L 1|38 |fb.1| { ‘I?' TTaV) To) x1 03 I | 138 |fb-1 (13 TeV)
O : O : I 1 I 1 | 1 1 I 1 1 I 1 1 T 1 -
S400 CMS PacD muttijet Preselection o [ CMS P QCD multijet Preselection
= ; ; i . <600 Simulati _ -
P Simulation WTop (£, single . a Simulation [ Top (t, single ) ]
c : SR - c K ]
350 Wother (V+jets, VV) L o Hother (V+jets, W) i
- - - 5001 = = -

u.|300 =My = 1.5 TeV, m, = 0.75 TeV x300 A w . My = 1.5 TeV, m, =0.75 TeV x300 :
"My = 3 TeV, m, = 2 TeV x10000 : ‘E i T "My = 3 TeV, m, = 2 TeV x10000 ]

1 | — —

20/02/25

>
{SRb iSRa

HD
A

0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

No demands for 3™ jet, as the gluon

PNet Tagger is calibrated with
candidate: m;. or PNet. .

SFs formed on tt data sample:
Jet pr [GeV ] 200-300 300400 > 400
Sja > 0.9 0.83 £0.03 0.84 =0.04 0.82 =0.05
0.8 <5y, <09 1.08+0.03 1.01+0.04 1.0240.05

—> This maintains generality and

provides sensitive to signals like:
X2>AWW, or X>WW + jSR/FSR,
gKK search at CMS, Antonis Agapitos, PKU 7




W-candidate selection on M.

—~ 150 CMS 138 b (13 TeV) °
* W->qq are boosted: 3 Rl =1.5Tov, m =075 Tev [
. . Q 140 o, Z
using the anti-KT algo & e £
. . 130 ©
form single AK8 jets Vi ®
Boosted jets: Increasing transverse momentum 120 2 ‘\ %
o
. . . . 110
* The 2 highest PNet score jets j,, i, are N _
100 5
assigned to be the W-candid., gluon is j..
*  We demand the jets Soft Drop masses m, ., ;
to be on W-peak with the condition of :
m85 vqriqble: élll IIII | III| lIIIIII .
mgs = J(mja+85)2+(mjb+85)2< 15 GeV wrR Ry Gy
3 138 b (13 TeV)
%450)5 \OI T I T T T I T T T I T T T | T T T } T T T | T T
*  We define 3 regions based on mg;: o ; gmgaﬁon l|$§)l)(trtrnl;lltr-::Ite . Preselection
: : ~400F :
- Signal Regions (SRs)have:mgs < 15 GeV. 27 B Other (Vjets, W)
[} - :
o . >350jSR iCR My = 1.5 TeV, m, = 0.75 TeV x300
- Control Regions (CRs) are: mgs > 15 GeV & mgy < 50 GeV g =3 Ta, m, 22 TeV x10000

- Validation Regions (VRs): 15 < mgs< 20 GeV.

III.I"

250
/T . . . . N\ 200~
The Soft-Drop is an algorithm which removes soft & wide-angle -
radiation from within the jet, improving mass scale & resolution: 150
iyl We use the anti-kT algo to cluster 100
Decluster satisfy soft . .. . o
toratia aop individual particles -
y criterion 50
> (PF candidates) into jets L
[ (using clustering param. R). Y, % 20 40 60 80 100 120

Mgs (GeV)
20/02/25 gKK search at CMS, Antonis Agapitos, PKU 8



https://arxiv.org/abs/0802.1189
https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/1402.2657
https://arxiv.org/abs/1402.2657
https://arxiv.org/abs/0802.1189

R & gKK masses reconstruction

CMS

° MR reco. from ial ib: m; = m]] — mja — m]b —|— 2 X 85 GEV
* Myreco. from iy, iy, ic: m]”]‘] = My — my, — My, +2 X 85GeV

* -2 i.e. we correct invariant masses to mitigate resolution effect from jet SD masses.
—> sharper peaks (see Fig.4).
- ~3% significance gain.

%10° 138 b (13 TeV) %10° 138 fb" (13 TeV)

SN S L B L B L B B DS L LA L L LN BLELELL I
8500__%%3&@;1 Maco multijet Preselection §400: gMS), ) Maco multijet Preselection
8 r " Top (tf, single t) S imulation I Top (tf, single t)

= [l Other (V+ets, VV) ~350 [l Other (V+jets, VV)

%400 Mgk = 1.5 TeV, m = 0.75 TeV x300 % Mgy = 1.5 TeV, m =0.75 TeV x300

z --mgy = 3 TeV, m, =2 TeV x10000 I_|>J300 - =My = 3 TeV, m, = 2 TeV x10000

300

200

200 150

100
100

1500 2000 2500 1500 2000 2500 3000 3500 4000
m;* (GeV) my;* (GeV)

(The variable which we fit)
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https://arxiv.org/pdf/2112.11876

CMS

SR binning

* From ratio m;*/m.* and define 5 bins SR1—5. - Effectively binning over m.

10° 138 fb™ (13 TeV) CMS 138 b (13 TeV)
[22] L L L L L L L L B L L L L B L—— L — T . 450
< - | | | | [ | | | I ~2200 I . o
i N i — o
2 + %hh:‘]zaﬁon Macp ’_“'"'t'JEt Preselection - > N a0
L“zso [ Top (tt, single 1) N E?,zmo :_ 2
- Bl Other (V+jets, VV) ] = F %5 §
- My = 1.5 TeV, m, = 0.75 TeV x300 1800 = ©
- £
2001~ - =My =3 TeV, m, =2 TeV x10000 ] 1600 0
- SR1 SR2 SR3 - SR4  SRs ] -
- : oot : s 1400 |—
150 — B
i - 1200
100~ ] 1000 g
i i 800 1%
50l ] SR1
5 - 600 [N ol
i 400 ‘ = Signal M o = 15 TeV, m = 0.75 TeV
0 0.1 . 0. 0.3 04 __"______ 0.2 - 1500 2000 2500 3000 3500
*

* In each of these 5 SR we have 2 SRs (SRa, SRb) based on PNet scores.
- Thus, we have 10 SRs in total.

*  We fit the m,.* spectra.

20/02/25 gKK search at CMS, Antonis Agapitos, PKU 10



CMS

BKG prediction in 10 SRs

B QCD multijet 80-90%

SR full selection summary Dominant = data-driven prediction | R
1 N ...=3 N_=0 N |* Form Control Regions (CRs) defined in - R
° i-AK8 ! lep ’ .
2. pT|i1(i2,i3)>400(200)GeV M, 1, Sideband as: mgs>15 & my,<50 GeV 100
In| <24, keeping the rest conditions as in SRs. .
3. mg, > 50 GeV, 70
4. H;>1100GeV, * Form 10 CRs: CR1-5a0 & CR1-5b
5. mgs < 15 GeV, . G . b . %0 .
6 PNet> 0.8, & binning Similar kinem /cs to SRs; high QCD purity. ) 70QC]5)0 .
7. |Bn|mx<3 * Predict QCD with =2 Predgk- = [Data — Rest]cg, R
_ . y YQCD
8. Nb—O (CHS, tight, deepflavor) CRXy
\*  We validate QCD pred. in 10 VRs (defined by 15<mg;<20 GeV). )
10 SRs categories:
Region — myi/mj — sp, .~ Top (i, singlet) 3_go,
SRla > 0.9 ;
srkib <92 809 o Other (V+jet, VV) 8-16%
SR2a 0.28-0.43 > 0.9 e . . N
SR2b UV 0.8-0.9 * Subdominant BKGs = use MC for prediction.
SR3a 42 g5y > 09
SR3b 77 0.8-09 *  We correct the MC applying SFs for PNet selection eff. per matched
SR4a > 09 .
orap 057072 o W=2qq jets.
SR5a > 0.9 . . . . .
_ SR> 072 6 00 ) We validate Top MC (shape & rate) in dedicated samples (bRs) like
_ the SRs but with N >1. J

*  We assign conservative (large) rate unc. for these 3 BKGs.

20/02/25 gKK search at CMS, Antonis Agapitos, PKU 11



CMS

Systematic Uncertainties

Uncertainty source Effect on Magnitude Number of NPs & correlations
Normalization QCD Rate 20% « 10, uncorr. across SRs
o Normalization Top Rate 50%  °Mingp, 10, uncorr. across SRs
Normalization Other Rate 30% 10, uncorr. across SRs
AV4 QCD bkg. shape due to mgq, usage Shape +1c templates 10, uncorr. across SRs
QCD bkg. shape due to other processes Shape +10 templates 10, uncorr. across SRs
Mja)|
RATE * QCD 20% based on validation prefit disclosure & MC low stat. e = \\
based on data in bRs, Other 30% based on similar search. R \
All uncorrelated across 10 SRs = 30 nuisances. 100 \ ) |
1
e V “rest” i CD BKG dicti by x2 down, x0 up.
SHAPE q.ry res. in Q s prediction by x2 do up 2 :\ | ////
e Shift CR circle center: my<50 (central) > mgs<50 (down), mes<50 (up). NN T T/
50 \\_/ ,
50 70 100 130 mjgy
— PU reweighting & int. luminosity Rate 1.7% 1, correlated across all SRs
O PDFs Rate < 10% 1, correlated across all SRs *
(- MR/ 1 scales Rate < 0.8% 1, correlated across all SRs *
(@)) PNetyy selection eff. per jet (event) Rate 6% (12%) « Do 1. correlated across all SRs
i,_) JEC Shape +1c templates Minany  Tated across all SRs *
JER Shape +10 templates 1, correlated across all SRs *
RATE * Lumi, PU, PDFs, QCD scales W, My : 1—10%

PNet SFs unc. 2 6% [12%)] per jet [event] (we have 2 W—2>qq jets/event)

SHAPE « JEC & JER: +0/-0 variations = forming templates per point, per SRs.
20/02/25 gKK search at CMS, Antonis Agapitos, PKU 12



Results: SR1a—SR5a

*  We fit simultaneously the m,* spectra in the 10 SRs, using Combine tool:

138 fo' (13 TeV) 138 fo' (13 TeV) 138 fo' (13 TeV)

> LI ‘ T T T I T T T T | T T T I LI R LR B A T T ‘ > T T T I T T I T T T T | T T T T I LI B L R B B T T ‘ > T ‘ ‘ T I T T T T ‘ T T T T T I
i’ = CMS ¢ Data -4 @ CMS ¢ Data D10’ C ¢ Data —
O] SR1a W QCD multijet 30 SR2a M QCD multijet (0] SR3a W QCD multijet 3
8 W Top (tf, single ) . 8 W Top (i, single t) 8 [ Top (i}, single t) ]
N [ Other (V+et, VV) 1« [ Other (V-+et, VV) . [ Other (V+et, VV) a
:; Systematic uncertainty 3 "‘5 Systematic uncertainty ‘;; Systematic uncertainty 3
€ F. N8 -- gm=2TeV, mH=0.5TeV: € —-mg,,_K=3TeV, mH=1TeV € --mgm=3TeV, mR=1_5TeV:
. =¥ 1 0 [N SR ) .
(3] 10 St = @1 T . . ]
Ets ]

IS . B T R I 1

0 =—————————— = ———— .
= 3 ! - -Signalag,. = g - -Signaliog,: = g v - -Signaliog,:
o2 . = - - =R HE
1 ' 1 1 P
0 0 0
Ea 2
Zf, + (Datapred /o, 3 Zf, + (Data-pred) /o, . 5v¢/Osar :g + (Data-pred.)iog,; I OoyelOgrar
1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000
m;* (GeV) my;* (GeV) m;* (GeV)
138 ' (13 TeV) 138 ' (13 TeV)
> T T T I T T T T ‘ LA . l T T T T I —rrr |77 T T I > LA I T T T T ‘ T T T T l T T T T ‘ LI B B B LR T T I
D CMS 4 Data - “®ig*k- CMS ¢ Data -
O] SR4a W QCD multijet 3 O SR5a W QCD multijet 3
o [ Top (1, single t) 12 [ Top (tt, single t) 1 e H H H H
S O 18, O ) ; No indication of signal.
> B Systematic uncertainty E I Systematic uncertainty E .
£ My =3ToV, m=2Tev | £ ~me-21ev,m-167ev] * Excellent post-fit data /pred.
Ti 10 = mweE SN -
wrhe o T | E 3 agreeme nt.
1

10!
= --E‘I:ignali'aam; 3 g I ' --El‘,ignaliaSTATI:
o T 3 a3 :

1 2

2 E -2 +
-3 4 (Datapred)iog,, OsvelOstar 3 4 (Data-pred)iog,; ‘ Osve/Ostar
1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 35{)[‘).r 4000
*
my;" (GeV) my;* (GeV)
20/02/25 gKK search at CMS, Antonis Agapitos, PKU
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https://arxiv.org/abs/2404.06614

Results: SR1b—SR5b

*  We fit simultaneously the m,* spectra in the 10 SRs, using Combine tool:

138 o' (13 TeV) 138 b ' (13 TeV) 138 b (13 TeV)
> LI ‘ T T T I T T T T | T T T I T T T T T L T T ‘ > T T T I T I T T T T | T T T T ‘ T T T T T T T T ‘ > T T T I T I T T T T | T T T T ‘ T T T T T T T T I
vig’ - C ¢ Data ) = @0’ CMS ¢ Data ) D10° =~ CMS ¢ Data )
(O] W QCD multijet ERS; SR2b W QCD multijet (0] SR3b W QCD multijet
8 W Top (tf, single ) . 8 [ Top (tf, single t) 8 [ Top (tt, single t)
N [ Other (V+et, VV) B [ Other (V4et, VV) N e [ Other (V4et, VV)
= Systematic uncertainty E Systematic uncertainty - Systematic uncertainty
€ -- gm=2TeV, mH=0.5TeV: c —-mg,,_K=3TeV, mR=1 TeV B T
7] " 1 @ o B B,
1110 = @10 @ I ¢
1 1 1
10! 10! 10
= g .. --Signaliog . = g - -Signaliog, - = g - -Signaliog, -
o 2 a2 a2 -
1 1 1 E
0 0
Zﬁ + (Datapred /o, . Osve/Ostar Zi + (Data-pred)fog,; ‘ Ove/Ostar Zﬁ + (Data-pred.) o, ‘ Osve/Ostar
1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000 1500 2000 2500 3000 3500 4000
m;* (GeV) m;* (GeV) m;* (GeV)
138 b (13 TeV) 138 b (13 TeV)
> L L N R B I L ) L B N I A > L L L A B L B L S A B B B B S L |
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Interpretation: OB & m i -my limits

*  We set upper limits, at 95% CL, on OB, and lower limits on m -m; masses plane:

* Expected and observed in agreement within ~0.50. P
138 b (13 TeV)

/o Jet N o)
o %, 3500~ CMS Preliminary =,
.r’, \:‘\ g : %
G e - == Expected central X
g £ 3000+
M Jet - - -Expected, 68% CL 10%
"-«.,\“~ w q - ==(Qbserved S
R B =
q' 2500_ g
w B o
: &
A 20001 105
Jet L §e]
q - =
. . . . 1. 1500 ()
* First ever limits of this kind: - 3
. . B o
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0~ sMg Read our full paper here for more.
- T o o .
T o[m) * Visit the CMS B2G public results page and
uv iggs brane R see our summary plots for more.

20/02/25 gKK search at CMS, Antonis Agapitos, PKU s


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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