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Definitely YES !!

1.Additional search tool to DD,

significant contributions in different models in the
moderate mass region, where there is a severe loss of DD
sensitivity

WIMP —nucleon cross section [pb]
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2. A unique opportunity
to feel an extended dark
 WIMPMass [GeV/e’] | sector as opposed to just
one DM particle
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Portal approaches and simple DS vs “full” theories (or at least an extended DS)

Pseudo-
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Scalar

Spin-0
B pora

Axial-
vector

Simplified
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Neutrino
portal

CMS EXO-23-005
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models in
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Too many results, too little time to tell — only a few examples !!




Spin-0 portals:
> Higgs - invisible

> Axion-like particles

Spin-1 portals:

» Dark photon
Simplified
dark sectors
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resolved/boosted ttbarH
¢ CMS HIG-21-007,
arXiv:2303.01214 [hep-ex]

CMS: BR(H—inv)) < 15% (8% expected)
ATLAS: BR(H—Inv.) < 10.7% (7.7% expected)

138 i (13 TeV) 49 b (7 TeV), 19.7 ' (8 TeV), 140 b (13 TeV) 49707 (7 Tev), 197 " (8 TeV), 140 ' (13 TeV)
| T T T T '

CMS 95% CL upper limits 3
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491" (7 TeV), 19.7 ib" (8 TeV), 140 b (13 TeV)

90% CL limits
B(H — inv) <0.14

CoGenNT
2012)

CDMS Si
Higgs portal models
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Strong CP problem, axion is a dynamic field which mass after spontaneous symmetry breaking
(Peccei-Quinn, Weinberg, Wilczek, 1977)

Y= a—
i 4
double conversion, gg,,

Photon
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Strong CP problem, axion is a dynamic field which mass after spontaneous symmetry breaking
(Peccei-Quinn, Weinberg, Wilczek, 1977)

Ni—riGr—F "

double conversion, ga -
& i Low masses 2 moderate masses, axion > ALP

detectors

LG - possible to search at the LHC

Matched Fabry-
Perot cavities

X-ray optics

14.12.2024 9/48




CMS HIG-22-003

The first search of such type for axion-like particles (ALPs) at the LHC.
Pseudoscalar portal, the light enough ALP, Z°-ALPs interactions

M. Savina, JINR, Russia NuDM-2024 14.12.2024




CMS HIG-22-003

The first search of such type for axion-like particles (ALPs) at the LHC.
Pseudoscalar portal, the light enough ALP, Z°-ALPs interactions
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Limit on. C%fé / /A, when ALP decays
CMS HIG-22-003

exclusively in a diphoton, A is large

CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 b (13 TeV)

—— Observed —— Observed

n expected Median expected

I 68% CL ¢ expected I 68% CL  expected
95% CL , expected 95% CL ¢ expected
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M. Savina, JINR, Russia

Scalar, pseudoscalar (axion-like) and Higgs-like V¢ int.

138 fb™ (13 TeV)

CMS Z¢( — uu), Pseudoscalar ¢

— A =10TeV, B(¢p — uu) =1
95% CL upper limits
—— Observed
Median expected
I 68% expected
95% expected

50 100 150 200 250 300 350
¢ mass (GeV)

NuDM-2024

CMS EXO-21-018,
arXiv:2402.11098 [hep-ex]

138 fb ™ (13 TeV)

CMS Wg( — uu), Pseudoscalar ¢

— Apg=10TeV, B(¢p — pu) =1
95% CL upper limits
—— Observed
Median expected
I 68% expected
95% expected

50 100 150 200 250 300 350
¢ mass (GeV)
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Scalar, pseudoscalar (axion-like) and Higgs-like V¢ int.

M. Savina, JINR, Russia

138 o (13 TeV)

IIIIIIII IIIIIIIIIIIIIIIIIL

L CMS  Axion-like @ production and decay |

B5% CL upper limits
— Qbsenyead P G8% expected
—---- Median expectad 25% expecied

ftg { — pp, ) combination

||||I||||I||||I||||I||m

20

100 150 200 250

NuDM-2024

CMS EXO-21-018,
arXiv:2402.11098 [hep-ex]

Higher mass limit of about
300 GeV is because of
non-negligible axion
branching to

top-antitop pair

14.12.2024 14/48



The coupling to SM particles A 1 or 2 loops: naively 1075 < € < 1073

proportional to electric charge
a = e*agy

Add a U(1)p where massive dark gauge boson (A/Zp/yp) kinetically mix with SM photon

Parameters: kinetic mixing term, ¢, and ma
LLP
Seah:h strategies

yq Branching Ratio

Al

Medium lifetime,
resolved decays:
0.50F ete”

Displaced muons
ATHAS/CMS detector » ut
0.30

Htable lifetimes: m | Hadrons .::"
0.20} i

Medium lifetime, i
Prompt, collimated decay ) i VET signature 0.15}
collimated decays: ' i
0.10} i i 1
; arkiv:1002.2952

‘lepton jets” (LJ) Displaced LJ
0.10 015020 030 050 0.70 1.00 1.502.00 3.00
va Mass [GeV]

Prompft, resolved deca]
products: ZpZp/ZpZ*

>

Lifetime
ends on mA’ and €)

14.12.2024 15/48
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v" minimal dark photon model and

v' light scalar decay to dimuon (2HDM+S)
CMS EXO-21-005,

inlerpre AN arXiv:2309.16003 [hep-ex]

g6.6 o (13 TeV) 06.6 fb (13 TeV)

- CMS — Observed
—H:'gh-pr gelection ---— Median expected
58% expected
35% expected

—a
=

CMS — Observed

- Inclusive selection -—- Median expected
i £5% expected
95%: expected
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v minimal dark photon model and

v' light scalar decay to dimuon (2HDM+S)

interpretations CMS EX0-21-005,
arXiv:2309.16003 [hep-ex]

96.6 fb~' (13 TeV)
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CMS EXO-21-005,
arXiv:2309.16003 [hep-ex]

96.6 fb~' (13 TeV)
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Extended dark sector and “full” theories

RPC/PRV SUSY

» GMSB SUSY

> Stealth SUSY

» RPV SUSY

Strongly coupled DM, dark showers

> LLP dark showers

> SUEP

Weakly coupled DM

Extended

» Twin higgs
dark sectors

> Higgs/Z’ HAHM.

M. Savina, JINR, Russia NuDM-2024 14.12.2024




2 2 2
. fermion Z m Z m- = MSUSY

bosons fermions

=0

9 919 9
oM, ~ g"Msysy ~ Mj.

Natural SUSY: weak-scale supersymmetric masses for neutralino
(at least for the lightest two ones), for stops and gluino
SUSY breaking, soft mass terms — ambiguity of spectrum arrangement
R-parity preserved (RPC SUSY) — pair SP production/decays

R:— (_1)3(B—L)+25
Natural DM candidate — LSP/gravitino

Cascade decays up to LPS, hard multijet / SS leptons / 2 gamma ... +

(to reduce SM background)

natural SUSY

decoupled SUSY




messenger sector
(@, By, (=1, N)
- =

one(two)loop suppressed chiral scalar superfield(s), tree level interaction goldstino-MS

interactions with MS, fund. rep. 5+anti-5 (also 10+anti-10)
soft SP masses, no flavor of SU(5) or

violation enhancement 16+anti-16 of SO(10) for the GUT
from soft terms, group
LSP — gravitino!

Masses are depend on
F,M,N
(® + D)

V2

(limits:
M — SUSY mass scale, F — SSB energy scale !! F~MorF <<M)

Mgpg ~(AM)? £ (AF)

physical scalar states :




1-loop for gauginos, 2-loops for squarks

oo 19mS(X,1)
M, (t) = 2 dlnX
l.-’.JQ ].11 ZQ{;Y. J\:.i-- f'}
Adln X dln Xt

O Zg, (X, X' 1)
Jdin X

2
ms(t) =

A(t) =

(r=1,2,3),

———
|I,."H -t
N

T i

— [1+oE /M)

_ F
A2 N 7 2 N 4
A =N VE [1 +O(F° /M ]}

All soft masses are proportional to NF/M




S. Dimopoulos, G. F. Guidice, and A. Pomarol , arXiv:hep-ph/9607225

Three variants:

= HS neutral scalar (global symmetry prevented hidden scalar interaction with MSSM sector,
stable state — no DD of DM)

Qp h° 2 (mp, /300 TeV)” EEOUERILESIELIEERV

= MS neutral scalar

overestimated DM density !!
cold observable DM (But — the LMSS can

decay into gravitino)

= SSB MSSM gravitino (very light neutral fermion )

Gravitino mass
“warm” DM - OK

.

i F . ( "'u-F ) ‘ T
Tha /o = — = — .4 €V
T EBV3Mpe o k100 TeV :
kv 3Mp y ev, no direct search — not OK




EWK production, neutralino as the NLSP, general GMSB CMS SUS-16-046;

arXiv:1711.08008 [hep-ex]

CMS-SUS-19-001;
arXiv:2310.03154 [hep-ex]




EWK production, neutralino as the NLSP, general GMS

A\

CMS 35.9fb" (13 TeV)

pp — 33, § — G X —~ vG
— Observed = theory uncertainty

- == Expected + experimental uncertainty

NLO-NLL exclusion

Tl

N
III|IIII|IIII|IIII|

1

1 | 1 1 |

‘|

1200 1600 1800 2000
mg (GeV)

95% CL upper limit on cross section (fb)

©

(4% )

(GeV)

1

XO/ *

v

35.9fb7 (13 TeV)

pp — GG, § — g% X% — y/W'G
—Observed = theory uncertainty
- == Expected = experimental uncertainty

LO-NLL exclusion

N
BR(G — gx°%=0.5

| 1 1 | 1 1 | 1 1 |

1200 1400 1600 1800 2000
mg (GeV)

g CMS SUS-16-046;
arXiv:1711.08008 [hep-ex]

95% CL upper limit on cross section (fb)




CMS EXO-22-020;
arXiv:2402.15804 [hep-ex]

C~ 8 ( Msusy )‘t (ﬂ

100 TeV ms

CMS 137 f5" (13 Tev) 137 ' (13 TeV) 137 fo! (13 TeV)
g — qﬁiﬂ = Observed + 1 5.4, th) ~ =)
ZZ5: Expectsd £ 12354, [exp)

—— Observed + 1s.d. {th) =] — — Observed+ 15.4. th)
xpected + 1.2 s.d. (exp)

95% CL upper limit on cB° (fb

95% CL upper limit on oB? (fb)
95% CL upper limit on oB2 (

0 107 d
10 100 1000 100 200 300 400 500 Ei[]ia 700 800 . 10 100 1000 10
ct (mm) AM(@@, ) (GeV) ct (mm)
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“natural” mass spectrum

From prompt production to LLP:

1. Stealth SUSY

natural SUSY decoupled SUSY

typical experimental signature: high T

2 =RV=olsie

Standard
Model

DM Tail Excess

MET [GeV]




SUSY is natural, low-scale SUSY breaking, hidden sector with (at least) one chiral
singlet supefield (R-odd singlino, R-even singlet). LSP — gravitino (GMSB),

NLSP decays to gravitino through a hidden sector.

HS states of order the EW scale, states approximately supersymmetric (F << M ) —

closely degenerated by masses.
Suppression of large missing Er at the end of decay chain (gravitino assosiated).

A%L'QY 5 Asusy 2 .
C mes=—2m2L = 59x 1077 [ ———— | eV Missing Energy
¢ /3M (500 Gev) : : -

F Gluino
- dm=1_5 10 20 GeV

bino LSP

arXiv:1105.5135 [hep-ph]

—_
=
o
<
7,
7
>,

Singlino very soft!!!

MET [GeV]




air production rate JiJi Fan, Matthew Reece, Joshua T. Ruderman

arXiv:1105.5135 [hep-ph]

arXiv:1201.4875 [hep-ph]

Tsusylpb]

arXiv:1512.05781 [hep-ph]

7800 1000 1200 Field set: LOSP — gluino, stop, higgsino only
The lightest R-odd SUSY particle — gravitino/axino

167 F2 100 GeV

k? kym3, Mmoo \5 £100 TeV
NLSP neutralino decay width ) — G = . T . ( Xt ) ( e

4
2x 1073 eV
VF ) )

5

5 —2
ms: m; ms
NLSP gluino decay width N=—9  —11x%x1079CGeV <—9) ( G )
- = 48T M 2??1% ¢ 250 GeV 1leV

Typically LLP signatures in a wide parameter space region!! (ct, > 8 mm for F ~ 10 GeV)




S YY: GMSB-like: messengers in 5,5 of SU(5), mg ~ 100 GeV, my ~ TeV — supersymmetric soft masses

T g—t— 856G

3g > 6 jets FS B SS leptons or 3 leptons
(mostly light / Bl plus >4 jets (3 jets b-tagged)

flavors for small
mg)




150 GeV < M < mg(mq) — 100 GeV; mg,myz:1250 <M < 2350 GeV,1100 < M < 2000 GeV

CMS SUS-19-001;
arXiv:2310.03154 [hepex];

See also:

CMS SUS-23-001

for stealth /RPV SUSY
with DNN




150 GeV < M < mg(mq) — 100 GeV; mg,myz:1250 <M < 2350 GeV,1100 < M < 2000 GeV

CMS SUS-19-001;
arXiv:2310.03154 [hepex];

See also:

CMS SUS-23-001

for stealth /RPV SUSY
with DNN

138 o' (13 TeV)

C pp—dd. 57,9 7,15, 556, Sgp _ 138 67 (13 TeV)
_I:ITI 100 GE't'Ur m, = B0 GV, ITI =0) . __pp—ﬁgg g—a4. q—-x g. __.-' —'r'ﬁ. ;—raé S—gg

--_.tpactad is, Erle seriment) - (m,, =100 GeV, m, =80 Gav, m,. =0

| mm Observed +i5 (theory) ) . - #@imi Expactad +, I._-r-eme im &'1 |

- MMLOHMMLL exclusion mm Dbserved 1% (theory)
B i NNLO+NNLL exclusion .=

J"
-
e |
A
-
-
-

L
.

L]

w CL upper hmit on cross-sacton (ph)

IIIIIIIrIIIII

IIIIIIIIII"‘IIIIIIIII

-|||||uJ Lol

|||J'||‘H T N T [N T |

1200 1400 1600 1800 2000 1200 1400 1600 1800 2000 2200
my (GeV) my (GeV)




1no-li ~0. ~+ +.~0
Degene}"ated [9)% mass gaugino like = 7705 % 3 WERD
neutralino/chargino production ol
with LSP (neutralino) RPV decay. X1 — uds

FS with light/heavy quarks )2(1’ — udb

138fb" (13 TeV) 138fb" (13 TeV)
oo i) el s

T T

LIS A A P BRSPS N L P A LIERLUESL P RS R A R R
- CMS Preliminary - CMS Preliminary
e SWIIZX, %i—uds WA, SW L2, - udb
[ 95% CL upper limits

- — Observed
[ .- Expected+ic

[ 95% CL upper limits
— Observed
---- Expected+ic

theory

theory
Ogs9, oL/ ONLO-NLL

Ogse, L/ ONLO-NLL

See also:

CMS-EXO-21-004;
arXiv:2402.02992
RPV SUSY in
pair-produced
multijet resonances

LA E LN L LN B |

Il

200

1 | | | |

L gAY PR — i — I (W) O 1
300 400 200 300 400 500
¥ mass (GeV) ¥ mass (GeV)

-
o
=)
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1 _ . _
L= =I5 I + q4ilDga — TaMqga
. dark gluons (N, colours)
. dark quarks (N flavours)

. quark mass matrix

Dark QCD

Xa

\ \ .\\‘\\\ N
\ : N
(13 TeV) ™
D light jets ]
rk pion mass 1 GeV asymmetry
rk pion mass 2 GeV sharing

Pd, Nd, - - -

annihilation |

Tdy Pdy o
"%

v One of the most striking DM-targeted signatures
(Dark QCD -> dark showers, emerging jets)

v Tracks start near the edge of the tracker, in the
ECAL and HCAL and even in the inner muon stations
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CMS EXO-22-015;
arXiv:2403.01556 [hep-ex]

—

(-2 dark

unflavored:

2GeV

= 80 mm
f Tark

CT
Tark

flavor-aligned:

HV dark QCD, scalar mediator,
dark meson LLP decays, b-quark FS

100 MeV 2GeV X, .
My m_ 1 TeV

tdark /

Tl =
Tldark

2 1 2 (12 + m2
Ncmndark ndarkZ|K‘uKﬁ]| (ml +m])

i,j

M. Savina, JINR, Russia

NuDM-2024

138 fo™! (13 TeV)
Min,, = 20 GaV
uniavared mads

— Olos. imit {agrosiic)
= Exp imk=17 (agrosic)

2000 2500
My [(GEV]

138 b1 (13 TeV)

T T
Mg, = 20 GeY
Bavar-afgned maded

— Cbs imit jagrostc)

= Exp_lmit 210 jagriastic)

r-aligned:_é

95% CL upper limit on cross section [fb]

95% CL upper limit on cross section [fb]




E P
CMS EXO-23-002;
My—<Ap5 Ap K +s arXiv:2403.05311 [hep-ex]
- HV concept, quasi-conformal DS, dark mesons masses much smaller
than S mediator mass. S charged under both SU(3) and SU(3)y
- Spherically symmetric FS distributions, high multiplicity of soft PS
- Boltzmann distr. for pseudoscalar pr, depending on Ty, (Ap) and m,,
- Decay @ 2 ypYp, 2 SM FS trough y - ypmixing, prompt decays

138

o (13 Tev) 138 -1 (13 TeV)
é -I T T T _l" T T T T T T T T T I T T T

A= T (1000 85% CL upper Bmitg
1 L —— — Obgerved
—- Median expected : I T T e e e Expecied {median, 68%.):

Epected 85% OL
Bl Expected 68% CL mg = 2000 GaV
mg = 1500 GaV

A et (A0), P (40%), mom (207 3
= Observed E L R mg = 1200 GeV

—- Mediian sxpegied 3 r . —— mg = 1000 GeV
A vere (18%), Prum (18%), o= (70 3 mg = 800 GaV
L mz = BOO GeV
mg = 700 GeV
mg = 600 GeV
mg = 500 GaV
mg = 400 GaV
mg = 300 GeV
mg = 200 GeV
mg = 125 GaV

1] L L M L L oy
2000 [+ 14
ms (GeV)

1 1
1000 1500

=l v by v by by s by v by g by
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Neutral naturalness — a global
SM-DS symmetry, protecting my

Fraternal twin higgs model and
folded SUSY interpretations

CMS 34.7 fo" (13.6 TeV)

34.7 ™ (13.6 TeV

~

- CMS

E 95% CL exclusion

T
T
|
»
@®
»
]
o
T

B(H—SS)=1%

95% CL upper limits
—— Observed
Median expected
gg—H,H—=SS mg = 15 GeV
— —— mg =23 GeV
S —bb — my=30GeV
—— mg =40 GeV
—— mg =55 GeV

IR RTTTT] RN EE AR RTTTT AN RTIT MR ST

=T Ll Ll | I

—— Observed

Median expected

1 10 10? 10°
ct, [mm]

-y

M. Savina, JINR, Russia NuDM-2024

CMS EXO-23-013;
arXiv:2409.10806 [hep-ex]

- the lightest DS state — dark glueball
with strongly suppressed decays to SM

2>-LEP

- light LLP with masses < 60 GeV
- LLP decays to b-/d- quarks and t-leptons

34.7 fb” (13.6 TeV)

LA L L L L B B

L CMs —— Observed

[T T T[T T T[T T T[T T T[T T T[T T T[T

95% CL exclusion

Fraternal Twin Higgs Median expected

ct, =100 mm,

P TN R NNUN v AT RRI S

18 20 22 24 26 28 30
m, [GeV]
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Dark higgs-photon double portal (HAHM) and SUSY interpretations

CMS
H—Z.2Z,
m(ZD) =20 GeV
B(ZD — uu) =0.143

—
Q

S 3
IIIII|T|'| IIIII|T|'| IIIII|T|'| IIIII|T|'| IIIII|T|'| TTTIT

—_
Q
IS

Combined:
— Observed 68% quantile -
- - Expected 95% quantile -

2
N
[a]
N
!
=
Q
c
o
E
o)
o
Q
5
_|
O
X
0
()]

"y
S
(&)

i

IIII|T|T| IIII|T|T| IIII|T|T| IIII|T|T| IIII|T|T| TTTT

- Dark U(1)pwith Zpcharged under SM 10° ERr— -
e 10° 102 107 1 10 10
- Mass of Zp comes from Hy,
- Mixing in gauge and higgs sectors
(“double portal”)
- Dark photon decays dominantly to
SM leptons € no light DS states with
masses lower then m,

M. Savina, JINR, Russia NuDM-2024
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Q
IS

—_
S
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10°®

CMS-EXO-23-014;
arXiv:2402.14491 [hep-ex]

L|,|,|,| IIIIIL|,|,| IIIIIL|,|,| IIIII|,|,|,| L1111

1

CMS

H— 2,2,

Combined:
— Observed
- - Expected

m(ZD) =60 GeV
B(Z — wyu) =0.103

Observed:

68% quantle ~ — 13 TeV (97.6 fb™")
95% quantle =~ — 13.6 TeV (36.6 o)

PRI ERRRTTTT ERRTTTT IR MARETTTT MWL

(

10 102 107

1 10 10® 10® 10
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v" Wide variety and an extensive list of analyses on DM and hidden sector at CMS

v' Still no signals of new DM particles/mediator

v Further development of an analysis (scouting triggers , new signatures like semivisible jets,

novel prompt/LLP reconstruction algorithms) and related theory/simplified model approaches,
new interaction channels, new frameworks

CMS analyses summary on DM search and much more:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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Gravitino mass

“warm” DM - OK

1 ,.
v/ 3Mp Tk ( 100 TeV :
3Mp e no direct search — not OK

ﬂ .{ S ' ( a2
\ X"’ Fy | G+ h.c.

o 9 o T
[‘.._”1;', —mj) o+ -

1/F suppressed !




overestimated
8.5 x 107° ( M, DM density !!

Vs TeV

0, h?

(But — the LMS can
decay to gravitino)

Basically two cases:

_ ———

i

F
i GeV)? 1 GMSB set
< (350 GeV)? genera setup 7 Inf(F/M?) > 20 TeV




LLP:

a proper lifetime ct,
is greater than or
comparable to the
characteristic size of
the (sub)detectors

v" small ct, that
comparable to the
inner tracker size, no
displaced tracks >
“standard” prompt
decay

v" intermediate ct,
>-LEP

v very large/infinite
large ct, > stable
particles, “standard”
MET signatures

M. Savina, JINR, Russia

disappearing or
displaced kinked tracks
multitrack vertices r .
oy non-pointing
\ /' _...-=" (converted) photons

displaced leptons, ~ -
lepton-jets, or
lepton pairs

emerging jets

¢ trackless,

A low-EMF jets
/ A quasi-stable

. \
multitrack vertices in the \\\

muon spectrometer \
/N \
/ ‘/ .'/ \ ™~

/ x/ | | \

/ I \

charged Qarticles

Searching for long-lived particles beyond the Standard
Model at the Large Hadron Collider, arXiv:1903.04497

NuDM-2024 14.12.2024

LLP White Paper:
arXiv:1903.04497

LLP theory motivations:
arXiv:1806.07396

displaced jets
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Motivation

Top-down Theory

IR LLP Scenario

arxiv.org

Naturalness

Dark Matter

Baryogenesis

Neutrino
Masses

RPV SUSY
GMSB
mini-split SUSY

Stealth SUSY
AXinos

Sgoldstinos

Composite Higgs
Relaxion

BSM=/—LLP

(direct production of BSM state ar
LHC that is or decays to LLP)

Asymmetric DM
Freeze-In DM

Co-Decy s
Co-Decay

Co-Annihilation se——
Dynamical DM

WIMP Baryogenesis
Exotic Baryon Oscillations

Hidden Valley ===

SM+V (+8S)==

Leptogenesis

Minimal RH Neutrino

with U(1)g.L Z°
with SU(2)r Wr
long-lived scalars

with Higgs portal

v' Dark photon

v' Heavy neutral leptons (quarks)

v Dark GB and/or Higgs(es)...

v Higgs/GB/gluon/SUSY portals

. v' (Asymmetric DM/
Z‘;.ﬁf.'f.f Baryogenesis)
. Dark SUSY
Dark QCD

exotic Higgs [ ]
decays
exotic Hadron / TWln nggS

decays

DS: small couplings, compressed spectra, large hierarchy - large ct

M. Savina, JINR, Russia

NuDM-2024

14.12.2024 47/48


https://arxiv.org/abs/1901.04040

Hidden valley concept, hidden sector, new non-abelian JHEP 06 (2022) 156
symmetries in DS, strongly interacting DM (“dark QCD”), CMS EX0-19-020
vector mediator Z’. A large-scale suppression of SM/DM

interactions, “semivisible” jet substructure

138fb [13Te"u’]|
— —5

— v 13
High-5W.J2 bugnal im,,, _2D GeV, 7

+ Dala Fr =03 0y, = af2F)
a,i%) ---m; S21TeV
i, =103/14 --m, = 3.1 TeV

B Uncertainty g (x]] m, =4.1 TaV

N

semi-
visible jets

number of events

DM part
(visible) +
SM part e
(invisible) , e R
l‘l i

e ]_l
xsec., Mz, SM hadrons - U L‘I -
Maarks> Ydark, | mt = [Ery+ E%“ﬂ — [Py + 1]

. Stable dark hadrons |
Tiny h " = mj; + 2p> [\/ my + pry — Py COS((P]],miss)} ]
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The first CMS study of jet ivsisible contribution with dark sector I JHEP 06 (2022) 156
nterpretation. The fraction ry,, of stable invisible dark hadrons in between CMS EX0-19-020
o (dijet, small MET) and 1 (large MET)

138 fb ' (13 TeV)

138 b7 (13 TeV)
LN | ' E ! I 4

953 CL upper limits
Inclusive =
— Observed '
= Median expected
- - 6B8% expected
- 85% expected
M = 20 GeV, o, = o
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95% CL obs. upper limit on ¢ B [pb]

95%
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SUSY RPC

Higgs+0Other

GMSE, 590, mg = 2450 GeV

GMSE, §-90, my = 2100 GeV

5 USY, §-qdif, my = 2500 Gev

Splt SUSY, J-qdyl, my = 1300 GeV

Split SUSY {HSCP), fyy = 0.1, mg = 1600 GeV
mMGMSE [HECP) tan =10, u> 0, my= 247 GV
00 GeV

Stopped L, T-tyd, s

Stopped §, §-gdi. fag=0.1, my = 1300 GV

stopped §, d=gd uuxl), fo =101, my =040 GeV

AMSE, yF-xnT, mp. Gey

Faqdyd or Qi ~Kin®, my = 1600GeV,my;: = 1575GeY
Jaqif or g il
E-tyf or byt i -rdn®

GMSE, ! -+HG{50%) 25(50
GMSE PS4, xlwG, mp =40
GM35B, co-NLSP, [5G, my=27
Sphit SUSY, §-+gd3", my = 1400 GeV, my, = 1300 GeV
SUSY, G-wggF". my = 1400 GeV, m;, = 1200 Ga
T SUSY, G-qdF", mg = 1800 GeV, my, = 1700 GaV
Sphit SUSY, F+qd7, my = 1800 GeV, my, = 1600 GeV

SM HZ o2 10130, 2, myp = 20 GeV
EM H-a2 20 0.1%), Zoaupl 15.7%), my=5 GaV

SM H-RX[10%), X—e2, my =20 GaV

SM HXX[0.03%], X, my = 30 GaV

S H-X I 10%), X—bE, my =40 GV

SM H-R X 10%), X585, my =40 Gey

SM H-KX[10%), X~b6, my =40 Gey

SM HSX X0, X7, my= T GeV

M H-aX X[ 10%), X—es, my=10.4 GaV

SM H-WP{1%), Gluon portal, me= 5 GV, (Xip. X = (25,1}
5M M- 1% ), Proton portal, mg=5 GeV, (X, X} =125, 1)
M H-wl|15), Vactor partal, ma = 5 GV, 1o, ) = 11, 1)
dark QCO, My, =5 GaV, My, = 1200 GaV

132 fp
137 fo
132 fp=
159

129

129

EE

86

ot
101 fo
137 fo
137 fo
137 fo
13 fo™
138 fo™
174

118 fo=
137 fo
137 fo
137 fo
137 fo

36.7 b~ {13.6
101 fo=™

118 fo=
132 fo™
117 fo™
138 fo—
138 fo—
138 fo=t
138 fo~™
138 fo~™
138 fo
161

g 2012.01581 |Displaced jets) 0. 006=0.55 m
] 190608441 [Delayed jet + MET] 0.32=34 m
g 2012.01581 |Displaced jets) 0.00T=0.36 m
g LEO2.02110 {Jets + MET) =1m
g CME-PAS-EXO-16-036 (dE/dsx) =07 m
T CME-PAS-END-16-038 |dE/dx + TOF| =75m
i 180100354 |Delayed jet) 80-1.5e+13m
g 144 59 |Delayed jet) Sl=mie+13m
g 180100359 (Delayed pp) 600=33e+12 m
'S 2004.05153 |Disappearing track) 0.7=30m
nE 14909.03480 |Disappearing tracks + jets with M) 011=10m
n 14909.03460 |Disappearing tracks + jets with My} D2E=d m
I 1490403460 |Disappearing tracks + jets with My} 025=4m
Fea 2212066495 |Trackless jets + MET] 00—=12 m
¥ 2212.06895 (Trackless jets + MET) L05—24 m
o 19049 36166 |Delayed yiyhl a2—6m
i 211004809 |Displaced leptons) Se-05=2.65 m
g CMEPAS-EXD-22020 |Displaced wert, + pi'™| 0uME=1 m
g CME-PASEXD-22-020 |Displaced vert. +p}'| =1 m
g CME-PAS-EXD-22-020 |Displaced vert, +p™| 0001=0.1m
g CMEPAS-EXD-22-020 |Displaced wert. + pif'™) 0.0003=0.3m
X CMS-PAS-EXD-23-014 Displaced dimuon 3Te05-7.8m
x 211213784 |Displaced dimusn scouting 00001025 m
x 14116977 |Displaced dielectron | 000012 —25 m
X 211004804 |Displaced leptons| 001 =0.12 m
X 201201581 |Displaced jets) 0.001=0.53 m
X 211013218 |Displaced jets + 2} 0. 004=0.248 m
x CMEPAS-EXD-21-008 |Decay in Muon 5ystem) 0.12=-678 m
x CMS-PASEXD-21-004 |Decay In Muon System| 00177 =456 m
X CME-PAS-END-21-008 |Decay in Musn System)| 0.017=168 m

(] CME-PAS-END-21-008 |Decay in Musn System| 0.49—236m

A CME-PAS-EX0-21-008 |Decay in Muon System| 2 BE—164m

o CME-PAS-END-21-008 |Decay in Musn System) 04910 m

Ko 181010064 [Emernying jet + jet) 0U022-0.3 m

1 1 1 1 1 1
10-# 107% 10 10—# 10° 107 10*

T [m]



