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Introduction

e CMS (Compact muon solenoid) : a multipurpose detector at

the LHC ring resulted in the discovery of Higgs Boson in
2012

e With successful data taking during Run-Il and having several
upgrades for implementing fast electronics, CMS has recorded i

up to ~139 b~ | of data from 2016-2018 at 13 TeV

® This led to more precise SM measurements and better

understanding of standard model physics

e Opened doors to explore rare physics signatures beyond
standard model physics
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Why looks for exotic sighatures?
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To answer such questions , new models beyond standard model have evolved with time and
predicts "'new phenomena" at the "TeV" scale
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https://arxiv.org/abs/2106.10509
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https://arxiv.org/abs/2103.02708

CMS : PAS-EXO-20-007

Trijet resonances : Gy — 228

® First LHC results for a trijet resonance with a boosted M(R1) > 2TeV, M(R2)/M(R1) < 0.2 p,
dijet and a single jet 0
e KK gluon (R,) decays into 3 SM gluons (P, P,and P5)
via a radion (R,)(spin-0)
® Boosted dijet reconstructed as a single jet with two
body jet sub-structure
P

No statistically significant excesses above the background predictions are observed. §
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https://cds.cern.ch/record/2771810

Heavy charged boson (W' — £1)
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https://cds.cern.ch/record/2758647

Leptoquark searches (LQs)

e LQ appears in many BSM models to answer the question: Why
same number of generation for leptons and quarks electron
® |eptoquarks carry both lepton and baryon number
e carry fractional electric charge (+2/3e, -1/3e: up/down types) . electron
® decay in lepton-jet /

® Motivated by models such as grand unified theories, technicolor
models, compositeness scenario and R-parity violating

supersymmetry
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CMS : arXiv:2012.04178

Probing for Leptoquarks

e Third generation vector leptoquarks : pair + single production modes

e Couples to a top quark plus a 7 lepton (tz) or a bottom quark plus a neutrino (br, scalar LQ), or else to
tv or bt (vector LQ), leading to the final states tzvb and tzv

e high p?"i”, high H;, one hadronic top candidate and one hadronic 7
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ﬂ 50 L data ..@1 04 data g LQ
C - Bl Misidentified © C Il Misidentified ©
Q>J - mm t production o s t production
1] C Others Ll A3 Others
40— —— LQ,LQ, k=1, M=1.7TeV 10 —— LQ,LQ, k=1, M=1.7TeV

tLQ, k=1A=1.5, M=1.4TeV

-o-o- TLQ, k=0 A=1.5, M=1.1TeV
------- v LQ. A=1.5, M=0.5TeV

s 102

©LQ, k=1A=1.5, M=1.4TeV
--- 1LQ, k=0 A=1.5, M=1.1TeV
------- v LQg A=1.5, M=0.5TeV

D 10

]
_____ N 10_1 ' e 6 6 6 6 6 6 6 & o o o o & o o o o o o o O O o o o O°o o o o
.9 S —— L — e Major backgrounds: real top production checked in control °
§15- } J‘ 15 ; ; I | ° region and backgrounds from misidentified 7 from data
L 1 L 2 A9 B 1 [}
'§05§_ ? '0;,055_ ;:F: e 6 6 6 6 6 & & o & ¢ & o o o o o o o o o o o o o o o o o o o
g % 5001000 1500 2000 2800 ° % 500 1000 1500 2000 _ 2500 137 fb' (13 TeV)
S; [GeV] S; [GeV] B = L B AL I B SULL N B BRI R
. _ . _ E CMS Obs. (95% CL) Exp. (95% CL) Preferred by 3
hadronically decaying top hadronically decaying top 35E L LQ, [Q, +7LQ, ---1Q,[Q,+1LQ, B anomalies =
quark reconstructed in the quark reconstructed in the 3BT — 1 Iq, ®%Ch - 3
merged topology resolved topology R P _ E
S — “E: Similarly fork =0 :, 5
3 | o ) ” ) . A o T S o T ’ .’ J— - . copiheciies 2 :— -------------------------- p’; —:
' Lower limits at 95% CL are set on the LQ mass { | Regions to the ofe B = < - .
{ in the range 0.98-1.73 TeV, depending on the LQ § of lines are 3 3
_ excluded!! 05 = - E
and assuming equal branching fractions for the umns B | | | N
‘ : . | u
two LQ decay modes considered 06 0.8 1 2 22
A m q [TeV]

Amandeep Kaur (CMS) (Lomonosov 2021) Exotic physics signatures at CMS August 19-25,2021


https://arxiv.org/abs/2012.04178

CMS : PAS-EXO-20-003

Exotic HiggS decays (ZH — /5SS — 4f4b) _

e Targeting “exotic decays” to Long Lived particles produced in
association with Z boson

e Z decays to ee or uu providing sensitivity to light (<I5 GeV) LLPs

° Prompt dilepton + > 2 displaced jets with hits in tracker volume

e fdlspxliced

f H — SS branchlng ratio is constralned to be beIow 5 IO% for proper decays lengths of 10—100 mm " jets
| and masses between 40 and 55 GeV
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https://cds.cern.ch/record/2767507

CMS : arXiv:2107.04838

Exotic Higgs decays (H — S$ — 4))
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https://arxiv.org/abs/2107.04838

CMS : arXiv:2012.01581

Exotic Higgs decays — displaced jets

e Distinctive topology: pair of jets originating at a secondary vertex

e Models targeted : LLP decaying to g-gbar, Exotic decays of Higgs: gg—H—2S,S—qq -E{--xj:/
(ct ~ Imm to Im) p % s ™~ q
Long Lived ScalarsT
track | n — L
g e e e AP A e e
® A dedicated secondary vertex reconstruction is performed

® Dominant background : QCD multijet

Dijet direction ® Gradient Boosted decision tree (GBDT) which includes variables like
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https://arxiv.org/abs/2012.01581

Probing for very low mass bosons

: : : : :  Scalar resonance +
® Dedicated dimuon trigger stream with low transverse e (- A
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https://cds.cern.ch/record/2767659

To Summarize...

Wide range of searches with all possible final states for exotic signatures at CMS probing in
multi-dimensional phase space

Many new searches and results with Run2 data

Rise in new techniques and tagging algorithms for Run3 (going to start next year)

New tools using ML are in practice now!!

Excited to look for “Exotic signatures” with upgraded detector with advanced technology
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EXO Summary plot

CMS preliminary

Overview of CMS EXO results

36-140 fb~1 (13 TeV)
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(axial-)vector mediator (9§), g =025,9cu =1,m, =1 GeV M 05-28 1911.03947 (2j) 137 b1
scalar mediator (+4/th), 9. =1,gou=1.m, =1 GeV M <0.29 1901.01553 (0, 1f + =3j +ET'™) 36 fb~!
pseudoscalar mediator (+t/ff), g, =1, goyy= 1. m, =1 GeV M <03 1901.01553 (0, 1 + =3j+ET'™) 36 fb-!
g scalar mediator (fermion portal), A.=1,m, =1 GeV M <14 1712.02345 (= 1j +ET™) 36 fb~!
x complex sc. med. (dark QCD), m,,, =5GeV, €Ty, =25mm M <154 1810.10069 (4j) 36 fb~!
a Baryonic Z', go=0.25,gou=1,m, =1 GeV M <19 1908.01713 (h + ET"™) 36 fb_l
Z'- 2HDM, 9- =0.8,gcw =1, tanB=1,m, =100 GeV M 0.5-32 1908.01713 (h +ET™) 36 fb~!
vector mediator (9g), 95 =025, gou =1, m, =1 GeV M 0.35-07 1911.03761 (= 3j) 18 fb-!
Leptoquark mediator, B=1,8=0.1, Ax sm=0.1, 800 < M, <1500 GeV 03-06 181110151 (1p+1j+ ET™) 77 fb-1
RPV stop to 4 quarks M i 0.08-0.52 1808.03124 (2j; 4j) 36 fb!
RPV squark to 4 quarks M [ 01=0727 1806.01058 (2j) 38 fb~1
i RPV gluino to 4 quarks M [ POI=141) 1806.01058 (2j) 38 fb-!
RPV gluinos to 3 quarks M i i =157 1810.10092 (6j) 36 fb~!
ADD (ji) HLZ, neo=3 M =127 1803.0803 (2j) 36 fb-!
ADD (yy, ) HLZ, nec =3 M <03 1812.10443 (2y, 21) 36 fb_l
ADD Gy emission, n =2 M =099 1171202345 (= 1j +ET"™) 36 fb~!
g ADD QBH (jj), nec=6 M =827 1803.0803 (2j) 36 fb~!
'g ADD QBH (ep) oo = 6 ¥ 50611 1802.01122 (o) 36 fb-1
RS Gxlyy). kiM =0.1 M =41 11809.00327 (2y) 36 fb~!
5 RS QBH (jj), neo = 1 M Z5/977 1803.0803 (2j) 36 fb~!
g RS QBH (ep), neo =1 M 236 1802.01122 (ep) 36 fb~!
non-rotating BH, Mo = 4 TeV, ne = 6 M =07 1805.06013 (= 7j(L,y)) 36 fb~!
split-UED, p= 4 TeV 1R 04-29 1803.11133 (f+ ET™) 36 fb_l
RS Gex(93. 99). kiMz = 0.1 M 05=26  1911.03947 (2j) 137 b1
excited light quark (gy), fr =f=f =1,A=m_ M [ FZ5050 1711.04652 (y + j) 36 fb-!
excited b quark, fo=f=Ff=1,A=m] M I 1=18) 1711.04652 (y + j) 36 fb~!
! excited light quark (qg), A= m_ M H OIS=6130 1911.03947 (2j) 137 fb7!
excited electron, fy=f=Ff=1,A=m, M H 025=319" 1811.03052 (y + 2e) 36 fb~!
excited muon, fe=f=f=1LA=m_ M i 025=38  1811.03052 (y + 2p) 36 fh—!
" WISM, [Vr[* =10, [Vinf® =10 M 0001-1.43  1802.02965; 1806.10905 (3£(, e); = 1j + 2¢(, &) 36 fb~!
25 WISM, VeV IVl + Vi) = 1.0 M 002-16 1806.10905 (= 1j+p+e) 36 fb~!
i E Type-lll seesaw heavy fermions, Flavor-democratic M <0.88  1911.04968 (34, =4f) 137 fb-!
& Vector like taus, Doublet M 0.12-079 1905.10853 (34, =4f, =1t + 2f) 77 fb_l
scalar LQ (pair prod.), coupling to 1** gen. fermions, 8 =1 M <144 1811.01197 (2e+ 2j) 36 fb~!
scalar LQ (pair prod.), coupling to 1** gen. fermions, 8 =0.5 M <127 1811.01197 (2e+ 2j;e + 2j +E7'™) 36 fb-!
‘g scalar LQ (pair prod.), coupling to 2* gen. fermions, 8 =1 M <1.53 1808.05082 (2p+2j) 36 fb-!
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =1 M 0.8-15 1811.10151 (1p+1j+ ET™ 77 b1
} scalar LQ (pair prod.), coupling to 2 gen. fermions, =05 M <129 1808.05082 (2p+ 2j; p+ 2j + ET™) 36 fb~!
scalar LQ (pair prod.), coupling to 3 gen. fermions, =1 M <1.02 1811.00806 (2T +2j) 36 fb-!
scalar LQ (single prod.), coup. to 3™ gen. ferm., =1,A=1 M <0.74  1806.03472 (2t +b) 36 fb-!
Zo, NArrow resonance M 0.0115-0.075 1912.04776 (2p) 137 fb~!
Zs, Narrow resonance M 011-02 1912.04776 (2p) 137 fb~!
SSMZ1(q4) M 0522, 1911.03947 (2j) 137 fb-!
o Z(q4) M 0.01-0125 1905.10331 (1j, 1y) 36 fb~1
§ Superstring Z,, M 02-46 2103.02708 (2e,2p) 140 fb_1
LFVZ', BR(eu) = 10% M 02-44 1802.01122 (ep) 36 fb~!
& Leptophobic Z' M 005-045 1900.04114 (2j) 78 fb~!
3 SSMW/(tv) M 04=527 1803.11133 (£ + E7™) 36 fb!
i SSMW/(Tv) M 0/4=47 1807.11421 (v + E7™) 36 fb-!
SSM W'(qg) M 05-3.6 | 1911.03947 (2j) 137 fb7!
LRSM Wz(INz), My, =0.5My, M <44 1803.11116 (2f+2j) 36 fb-l
LRSM Wa(TN=), My, = 0.5M., M <35 | 1811.00806 (27 +2j) 36 fb~!
Axigluon, Coloron, cotd =1 M 05-6/6 1911.03947 (2j) 137 fb~!
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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