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Search for a new physics €< frameworks “full” theories vs “portals”

Dark matter example

“Full” theories: “Portals”:

SUSY/dark SUSY, hidden valleys, see-saw, scalar/vector/fermionic

extra dimensions...

the h,,. properties, h - invisible, flavor-violating
processes, extra higgses/gauge bosons,

new resonant/non-resonant deviations from the SM,
ALPs, MET etc.

|
|
|
|
|
|
|
|
|
superpartners, HNL, KK-modes etc. I
|
|
|

!

No NP signals — only limits on model parameter space !!
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Extra higgses, PS light/heavy states (LHCP 2025) oSt )

95% expected Observed

N 68% expected T > Ta

The H,, tends to be closer and closer to the SM Higgs !! o e
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Still no signals from extra higgses heot G
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Long-Lived Particles at the LHC
disappearing or LLP White Paper:

displaced kinked tracks arXiv:1903.04497
LLP: multitrack vertices ] .

a proper lifetime ct VS non-pointing

; ? \ b7 == (converted) photons
is greater than or

comparable to the

characteristic size of dispBE ) leptone AR

the (sub)detectors loplonRE, Op~ _— L emerging jets

LLP theory motivations:
arXiv:1806.07396

lepton pairs

Jetl Jet 2

v' small ct, that
comparable to the : \ /
inner tracker size, no ! trackless, .

displaced tracks - . low-EMF jets
“standard” prompt quasi-stable
decay multitrack vertices in the charged p\artlcles
muon spectrometer
v' intermediate ct, >
LLP (> 100 um)

v’ very large/infinite

large ct, = stable

particles, “standard” Searching for long-lived particles beyond the Standard
MET signatures Model at the Large Hadron Collider, arXiv:1903.04497
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v Delayed decays because of small phase volume:
states in the dark/visible sector are closely ‘

degenerated by masses

v" Delayed decays because of small/very small
coupling values (f. e. RPV SUSY)

v Hidden valleys (dark QCD) concept: transitions
between dark and visible sectors are suppressed

by a high mediator mass scale -
prompt/LLP decays

QFTHEP’270

M. Savina, BLTP JINR, Russia

03.07.2025

7/40



arxiv.org/abs
Motivation | Top-down Theory IR LLP Scenario

v Dark photon

RPV SUSY
GMSB

mini-split SUSY , v Heavy neutral leptons (quarks
Stealth SUSY BSM=/—LLP vy p (q )

idivect j!nir.l'].'n:'rr'n.'r |.||r'B_‘.'_'I.|' siarle ar

Naturalness ’;""I'{‘i:""t _ LHC that is or decays to LLP) .
S v" Dark GB and/or Higgs(es)...

Neutral Naturalness ‘
Composite Higgs Hidden Valley ==
Relaxion

Asymmetric DM —eeeet v Higgs/GB/gluon/SUSY portals

Freeze-In DM
SIMP/ELDER =

Dark Matter Co-Decay

Co-Annihilation v" (Asymmetric DM/
Dynamical DM ] e e
SMHV (+8)=q exotic Z Baryogenesis)

decays

WIMP Baryogenesis
Baryogenesis Exotic Baryon Oscillations — Dark SUSY

Leptogenesis exotic Higes n Dark QCD
decays
Mimimal RH Neutrino —_—
with U(1)p.L 72— ] . .
Neutrino with S_U[E]R Wp—— exotic Hadron ‘/ TWln nggS
long-lived scalars —
Masses with Higes portal

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

decays

M. Savina, BLTP JINR, Russia QFTHEP’270 03.07.2025


https://arxiv.org/abs/1901.04040

GMSB, low scale SSB: a basis

messenger sector

SM+SP, SBSY (X) =M + 6°F

L=

(®y, Py, .oy i = 1,..Nf)

=

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!
Mcaur

M

N =150/ In

Masses are depend on
F, M, N

physical scalar states : @i\/{m ‘ M 2(13513 ~(AM)* £ (AF)

(limits:
M — SUSY mass scale, F — SSB energy scale !! F~Mz2orF << M2?)




Gravitino mass

_ 1 (
Ve Mp k

VF
100 TeV

2

.

m3/2 = keV

[{m_ —m :r O+

1/F suppressed !

“warm” DM - OK

no direct search — not OK

M,
ZI

; N'o"?’Fg | G +hee.
V2




GMSB, HS/MS stable states as DM candidates

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

= HS neutral scalar (singlets under SM group, loop level only, accidental global symmetry
prevents hidden scalar interaction with MSSM sector, stable state — no DD of DM)
cold unobservable DM (highly

, , superheavy DM
suppressed HS-MSSM interactions)

' . _ - 1 7/ 3 N |——— m e e e e e e e e e e e —m ==
(o(pp™ — anything )v) = — | 4 Mcp&) ~( /1M)2 + ( /1F)

T |
|
e
|
|

conditions for the stable lightest neutral scalar

= MS neutral scalar

overestimated DM density !!

(but — the LMSS can
decay into gravitino)
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“natural” mass spectrum

From prompt production to LLP:

1. Stealth SUSY

natural SUSY decoupled SUSY

mis

typical expected signature: high pr

2. RPV SUSY

Standard
Model

DM Tail Excess

MET [GeV]

' f :I‘I""., | T 5 = ~
HC search found no signal evidence



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 E at the end of decay chain (gravitino assosiated).

.ﬂﬁ.%[_‘qy" 5 14!‘-5]___9_‘11_ 2 . .
N me = —2—2L = 59 x1077 | ————— | eV. Missing Energv
& 3M (500 Gev) , , S

- Gluimno
A om= 1.5, 10,20 GeV

bino LSP

arXiv:1105.5135 [hep-ph]

—_
>
U
<
7
%
=

Singlino very soft!!!

MET [GeV]




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

arXiv:1105.5135 [hep-ph]

arXiv:1201.4875 [hep-ph]
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arXiv:1512.05781 [hep-ph]

800 1000 1200

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

) N ¢2 komP ) / mye N5 (100 TeV\?
L P 1. . h : 0 - -_.—. v _ I --!'L'_I_ — 'I L-.a-l .-I:--"-,- — 1&1 ( "T ) i__:' .. l[:}_a :-".T
NLSP neutralino decay widt b G) = ———3 K ( 100 GV ) JE €

NLSP gluino decay width

; " :" ;o N D

9 s mg 2 M A 2
= 1.1 x 1077 GeV (—_H ) ( ¢ )
250 GeV ) \1eV,

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




= Neutral (uncharged under all MSSM gauge symmetries)
- superpotential term (SH,H; /SYY - exactly GMSB setup for the case F<<M)

- (pseudo)Goldstone fermion model — axino instead of gravitino

- vector Z’, kinetic mixing of U(1)

= Charged (not under gauge group because of large SUSY breaking mediation) —
baryon/lepton number.
RPV SUSY:

I -
Lt_.ﬂ ~ A ijk 1{'}’75’ ?.i-g_('lj d;‘, S+ h.c.

Mm?
q

SLH,, Sudd (the “baryon” portal), SQLd, SLLE



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

g—>S—>G jg—t—SSG

SS leptons or 3 leptons

3g 2 6 jets FS
plus >4 jets (3 jets b-tagged)

(mostly light
flavors for small
mg)




SYY

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

.
-

-

’ At
e _dTODT B
o

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

See also:

CMS SUS-23-001

for stealth /RPV SUSY
with DNN



Gluino/stop PP, neutralino as NLSP, prompt, 2gamma + jets + low EJS

150 GeV < M < mg(mq) — 100 GeV; mg mgz: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
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R-parity is not a symmetry of the most general MSSM Lagrangian!!

: I 1 - reme e |
W R—p =1l H u L, -+ E )\” k L,L i E k -+ )\’ " U i D; D k :

ijk ijk

Lepton number violating Baryon number violating R — (_ 1) & (B —L) +2s

RPV:

= L-volating terms — origin of light neutrino mass
= LSP can carry charge and decay to SM
= Various detector signatures depending on coupling

strength (triple resonances, SS leptons, multijets..., LLP)
= DM candidate — gravitino, axino !!

vrr
| N

RPC — stable LSP Long-lived LSP — displaced decays Prompt decays Single production 0(1) wes




ATLAS-CONF-2018-003

g (R-hadron) — qq f : m@f) =100 GeV
| —e— RPC 0L 2-6 jets (Vs5=13 TeV, 36 fb™) ATLAS Preliminary
—— Displaced vertices (Ys=13 TeV, 33 o) =@« Expected
Pixel dE/dx (Yys=13 TeV, 3.2 1) Ob d
e Stable charged (V=13 TeV, 3.2 fo™) =e= bserve
Stopped gluino (Vs=7,8 TeV, 5.0,23 fb™ 95% CL limits

RPC-RPV Combination: i1, (~stbs) / t-bs, m(F,)=200 GeV, bino-ike 7,

ATLAS Preliminary - ©- Expected
Vs=13 TeV —@— Observed
95% CL limits

—— RPC Stop OL (36.1 fb™)
RPC Stop 1L (36.1 fb™)
RPV 1L (36.1 fb ™)

—— Dijet (37 b, TLA (3277

—— Dijet pairs (36.7 fb™)
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L= —Z IﬂfyF“““ + @qtPga — GaMqqa

Fa: dark gluons (N, colours)
gy. dark quarks (N; flavours)
M,: quark mass matrix

o |
Xd
v One of the most striking DM-targeted signatures Yo, .
(dark QCD - dark showers = mediator > SM transition) /g O\

pd'.' T]-d1 T
annihilation l

- Td, Pds - -
s y Pds

v" Broken U(1)4,, kinetic U(1) 4,4 — U(1)y mixing, dark photon
Z’ as a messenger (also scalar portals)

v' DS-SM transitions are suppressed by a high mediator
mass scale 2 prompt/LLP decays

M. Savina, BLTP JINR, Russia QFTHEP’270 03.07.2025 22/40



q

4 \gauge portal
g f

semivisible jets

DM part (visible) +
SM part (invisible)

xsec., m,,

Maarks gdark,

r. SM hadrons
mv

Stable dark hadrons

M. Savina, BLTP JINR, Russia QFTHEP’270 03.07.2025 23/40



‘t Hooft coupling

p¥i55+)(

emerging

emerqgin L
ging semivisible

semivisible
A>1

quasi-conformal
spectra, dark
“high-temperature
QCD”

Tracks start near the edge of the tracker, in the

ECAL and HCAL and even in the inner muon stations soft unclustered energy patterns (SUEP)

M. Savina, BLTP JINR, Russia QFTHEP’270 03.07.2025 24/40



Dark QCD, prompt, semivisible jets

The first CMS study of jet ivsisible contribution with dark sector interpretation.  JHEP 06 (2022) 156
The fraction r;,, of stable invisible dark hadrons in between o (djjet, small MET) ¢S EXO-19-020

mv

and 1 (large MET)

138 fo ' (13 TeV) CMS 138 fb ' (13 TeV)
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CMS EXO-22-015;
arXiv:2403.01556 [hep-ex]

unflavored:

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

100 MeV

mgy

M. Savina, BLTP JINR, Russia

(m;+m;)? 1 (n1; —m; )2
i B ES _
M- m>
dark

dark

QFTHEP’270

138 o™ {13 TeV)
fipg, = 20 CaVf I
wnlavarad mads T

— Ohos. fmit {agnosic)
— Exp limk =210 |agrostc) J

2000 2500
m}{dm [Gev]

138 ' (13 TeV)

T T
Mg = 20 GeV
Eavorafgned mode
— (s imit fagrostic)
— Exp. imitz1d jagnestic)

fla r—aligned:_é

1500

P L
2000 2500
m}{am [GEV]

95% GL upper limit on cross section [fb]

95% CL upper limit on cross section [ib]




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

- the lightest DS state — dark glueball

with strongly suppressed decays to SM
- LLP

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

Neutral naturalness — a global
SM-DS symmetry, protecting my

Fraternal twin higgs model and
folded SUSY interpretations

347 b (12.6 TaV)

CMS CMS — {Obhserved

B CL mxchesicn

S5% OL exolusion
W — 55, § — bb
H:H —ir E$| = |'\::.

Fratemal Twin Higgs =~ gl supsaciad

A5 CL wpee breas
Dizanaved
-~ lebgidan aspecied
=18 day
@ ey
z ] el
41 el
= 5 el

10’
ct,, [mm]
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Higgs+0Other

LTI ST = T T =

', fag =001, ms = 16080 eV

miM3E {HSCP tan B= 10, u= 0, my=241 GeY

e

stapped £, fatyl, mp= 700 GeV
g, g-+qdu, f5 = 0.1, my = 1300 GeV
ropped 4, 9-adeiuuyil iz = 0.1, ms =940 GaV
AMEE, ¥ ayin®, mp. = 700 GaV
Gaqaad or g d. XE.xT ~xin®, my = 1600GeV.m g = 15750
gyt or gy g —pin®  mg=2000 GeV, mg = 1000 Ge’
!T—r!‘g;;" o by, gt -in®, mi=1100 Gel, My =
GMSE, I HG50%N25]50%), m,: = 600 GeW
GMSE, ¥ +HG{50%N25]50%), m,: = 300 GeW
GMSESPSE, yfwd, mg =400 GaV
GMSE, co-MLEP, [5G, my = 270 Gy
Split SUSY, §=qqF°, mg= 1400 GaV, m;, = 1300 GaV
T LY,
T LY,
T LY,

L=

L=

L3

WIgT", mg = 1400 Ge\l, m;, = 1200 GaVl
7l my = 1800 Ge\, mg, = 1700 GaV
37, my = 1800 GeV, my, = 1600 GV

L3 O3y 'Oy
Wy MG D MG

SM H-Z 2, (0.1%), Z-gq my = 20 GaW
SM H-Z 2, [0.1%), 2yl 15.7%), my = 5 GaV/

SM H-XXI10%), K—ee my =20 GV

SM H-XXI0.03% ), X, m, = 30 Ge¥

SM H-X X104, K—bb, m, =40 Gav

SM H-X X104, K—bb, m, =40 Gav

SM H-X XI10%), Kbl my = 40 Gav

SM H-X XI10%), K-TT, my =7 GaV

SM H-XXI10%), K—ee my=0.4 GaV

SM H-W 1%, Gluon portal, m=5 GaW, X X} =125, 1)
SM H-W(1%0 ], Photon portal, me=5 GeV, (X, Xl =12.5.1)
SM H-4( 1%, Vector portal, mg = 5 Ge\, [Kig, Kl =11, 1)
dark QCD, My, =5 GV, my,, = 1200 GaV

R R

201201581 |Displaced jets) 0.006=0.55 m
190606441 [Delayed jet + MET)
201201581 |Displaced jets) 0. 007=0.36 m
1802.02110 |jets + MET} <lm
CMS-PAS-EX0-16-036 [dEfdx)
CME-PAS-EXO-16-036 JdEdx + TOF |
1801 00359 |Delayed jet)
180100359 |Delayed jet]
180100359 (Delayed pp
0.7=30m
0.11=10 m
0.2b=2 m
025=3m
004—12 m
035—24 m
2—am
Se-05=2 85 m
0.0003=1 m
00001=1 m

0.32=34 m

200405153 |Disappearing track)
14904903480 |Disap pearing tracks + jets with Mqyg)
14909.03480 |Disappearing tracks + jets with My
1490903460 |Disappearing tracks + jets with My
2412 08695 [Trackless jets + MET)
2212 08695 (Trackless jets + MET)
1909 08166 |Delayed yiy)]
21004804 |Displaced leptons)
CMEPAS-EXD-22-020 |Displaced vert. + p"™|
CME-PASEXO-22-020 |Displaced vert, +p'*|

CMEPAS-EXD-22-020 |Displaced vert, +pi™|

CMEPAS-EXD-22-4020 |Displaced vert. + pi'™)

oMl=-0.1m
DU =03 m

=0.7 m

=15 m
a0-1.5e+13m
Sl=mde+13m
G00=33e412 mi

CME-PAS-EXD-23-014 |Displaced dimusn | 3Te05-7.8m
211213784 |Displaced dimuon scouting!
1411 8477 |Displaced dielectron)
211004809 |Displaced leptons |
201201581 |Displaced jets) 0.001—-0.53 m
211013218 |Displaced jets + 2| 0.004=0.248 m
CMEPAS-EXD-21-008 |Decay in Muon System)
CME-PASEXD-21-008 |Decay In Muosn System)
CME-PAS-EXD-21-008 [Decay In Muon System) .01 =168 m
CME-PAS-EXD-21-008 [Decay In Muon System) GA9—236 m
CME-PAS-EXD-21-008 |Decay in Muon System) 2 BE—164m
CME-PAS-EXD-21-008 (Decay In Muon System) 04910 m
181010064 [Emenging jet + jet] 002203 m

0010325 m
10.00012—25 m
0001012 m

0.12=678 m
G017 =456 m

1 10—
et [m]
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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 " (13 TeV) 4.9 (7 Tev), 19.7 o™ (8 TeV), 140 " (13 TeV) 497" (7 TeV), 197 " (8 TeV), 140 ' (13 TeV)
| ! | | '

I I ]
CMS 95% CL upper limits J

—*— Cbserved

]
5M

95% CL upper limits

—9- Median expected
I e expecied
[ 95% expected

=%
=]

+ CmsS

— 5% CL

(1 11] 95‘{:_
SM

ﬂ'mf Ogy(H)
&

M1l

0.49 (D32
026 (0.30) l:

0.68 (0.53)

B{H — inv)

[y

0.47 (040} 021 (0.18)

0.18 (010}

55% CL upper limiton ¢ x BR(H — inv)o

2[0.15 (0.08)
-

..“.|IIII|.'-

0.8 0.9 1

Combinad
[T T T
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407" (7 TeV), 19.7 b (8 TeV), 140 fb- (13 TeV) S

—

=
[
@

90% CL limits
B(H —inv) <0.14 (2012}
CDMS Si

Higgs portal models

— — - Majorana fermion DM

1|
T BMnudeon (cm?)

— — - Sealar DM

Lh'coamg

T = = Vector DM

Vector DM "2

i, & 100 e

[LE ]
Vector DM0

L]
llll"i“+
'

Direct-detection
mmmE CRESST-I
umnn [CigrkSide-50
mmmn FandaX-4T |
mmnn | -ZEFLIM

10 -“:IE 1D3 ._1__-_-_-_-_""-—-_1____ - 10 100

Mgy, (GeV)  WIMP Mass [GeV/c2]

WIMP —nucleon cross section [cm?]
WIMP —nucleon cross section [pb]

M. Savina, BLTP JINR, Russia 03.07.2025



° One of

these
Q SM-like
o Can be very light

CP even

©
©
o
Q.
o
o
Q
(=)
-
©
L
O

Two Simple Assumptions ...

o 2HDM is near or in the decoupling limit (h becomes very SM-like): a— —n/2

o Add one complex scalar singlet S = %(SR +iS7):

_ - - y : ~ K an
Vaoupmys(Hi,H2,8) = Vo (Hi, H2) + ASH1Hz + gbg e

Light Boson Couplings
v a (the mostly-singlet-like pseudoscalar)
a = cosf,S; +sinf, A (O, < 1)
v' could potentially be a light boson = h exotic decays
h—aa— XXYY(mg <mp/2) | h—=aZ = XXYY(mag < mp —mz)
v with couplings to fermions driven by: &, ~sinf, - &4

Eigenstate Coupling Type-I Type-II Type-III Type-1V

cot /3 cot 3 cot 3 cot 3
A ' —cot 3 tan 3 — cot [3 tan f3

—cot 3 tan /3 tan /3 — cot 3



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.075004

1-loop for gauginos, 2-loops for squarks

Loty = —5 (MaAgAg +hee.) —mzQ"Q — (E AiQi0,W(Q) + 11-’-3"-)

"'l [

- 19InS(X. 1)
Jﬁf'\ |Ii'.--:' = _T—I
o 2 dlnX

i-.i': 111 E Qo ': .-\:. .-\:.i- y r:'

dlnX dln Xt |, _ . MM’

dln X

X=M M

Qe | -’L]' A
FAT

- ¥

M, (t) =k,

1+ O(F2 /M)

1+ O(F2/M*)]

All soft masses are proportional to NF/M
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EWK production, neutralino as the NLSP, general GMSB  ©MS SUS-16-046;

35917 (13 TeV)

Cross section
—— Theory uncert.
—— Observed limit
Expected limit
68% expected
95% expected

1

L !
600 800 1000

My sp (GEV)

359 (13 TeV)

pp — §9. § — g™, 1 — 1W'G
= (Observed £ theory uncertainty
=== Expected + experimental uncertainty

arxiv:1711.08008 [hep-€ex]

cCMS 359 b7 (13 TeV)

- NLO-NLL exclusion
-BR(g — qqx™)=0.5

pp — 9.4 — qi*; 1 — YW'G
==0bserved = theory uncertainty
=== Expected + experimental uncertainty

FNLO-NLL exclusion
L BR(Q — q¥®)=0.5

b
1

DIFFI-I 11 1| | 11 1 | 11 1 I 11 1 | 11 1| | 1

1400 1600 1800 2000 2200 2400
mg (GeV)

e

'-: 1+ J/#I [T T N T T M N |
1200 1400 1600 1800 2000
my (GeV)

95% CL upper limit on cross section (fb)




Csaba Csaki, Yuval Grossman, and Ben Heidenreich “MFV SUSY: A Natural Theory for R-parity Violation”, arXiv:1111.1239 [hep-ph]

Irreducible reps. of GUT for matter fields: (9., Ur, dg,l,€g)i; =123

U(3)5 symmetry in the limit of vanishing Yukawa couplings = breaking of flavor symmetry (FCNC + soft terms),
scale of FSB?

= “Spurions”Y,, Y,, Y, — the only
sources of FSB — VEVs of some
heavy chiral superfields in the

UV theory

. -'"\-\\
=

-
.:-.'.__.|

= no Y* terms in the superpot. >
very restrictive framework for
possible RPV terms and couplings

=™

L
g
H
H

= No suppositions about B- and
L-number conservation, no
R-parity conservation, FCNC
suppression.




Vector dark photon (2, or A’) IREREE TN LHCP 2025, from a talk by

Scalar dark Higgs boson (H,, or S) lem] Slava Valuev

3

Fermion heavy neutral lepton (HNL or N) ! Y &Y |

beamspot "

Pseudoscalar axion-like particle (ALP or a)

Muon pair from DV Low inv. mass muon pair Two displaced leptons
from DV (data scouting) without common vertex

03 04 05 06 07 oe 09
625" 575" s2.8 484" a“y

JHEP 05 (2023) 228 JHEP 04 (2022) 062 Eur. Phys. J. C 82 (2022) 153

Pair of soft muons from Lepton pair from DV + Two muon pairs from DVs
DV + MET + jet prompt lepton

JHEP 12 (2024) 172




The coupling to SM particles - A

. : -5 <« < -3
proportional to electric charge 1 or 2 loops: naively 107 s € < 10

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 Az
Seafch strategies

vq4 Branching Ratio

Medium lifetime, 1.00f
Prompt, resolved decay resolved decays: 0.70f

products: ZpZp/ZpZ* Displaced muons 0.50 e'e
AT{ S/CMS detector utu

able lifetimes: S; 030 Hadrons

Medium lifetime, ET signature 0.20}

Prompt, collimated decay 015t

“lepton jets” (LJ) collimated decays:

, 0.10} :
Displaced LJ i arliv:1002 2952

— > 0.0 015020 030 050 070 1.00 150200 3.00
Lifetime Ya Mass [GeV]
(dagknds on mA and €)
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CMS EXO-21-005,
arXiv:2309.16003 [hep-ex]

96.6 fb' (13 TeV)

M. Savina, BLTP JINR, Russia



Targets LLP decays both

and beyond the CMS silicon tracker

Search f ed
particles decaying to

# 5 a pair of muons

Signal simulation

Probes numerous BSM models, e.g.

T

I

X Dark photons
[

.\11 zl)
SM Higgs boson 4
mixes with the dark- 5 /
sector Higgs boson
™~

M. Savina, BLTP JINR, Russia
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Long-lived RPV neutralinos X!
produced in squark decays

2022: similar reach to Run 2 with only 1/3 of data

1

%]

=
Q
N

95% CL upper limit on B(H—Z,Z,)

—t
2
L&)

10°°
102 102 10 2 10*

CMS

H-Z,Z,
m{_ZDjl =40 GeV

B{ZD — up) =0.134

Combined: Observed:
— Observed 68% quantile — 13 TeV (97.6 ")
- - Expected 95% quantile — 13.6 TeV (36.6fb )
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CMS EX0-23-002;
Agarr K \/E arxiv:2403.05311 [hep-ex]

v' HV, quasi-conformal DS, dark mesons masses much smaller

than S mediator mass. The S charged under both SU(3) and SU(3),
v Spherically symmetric FS distributions, high multiplicity of soft PS
v' Boltzmann distr. for PS py, depending on Ty, (Ag,) and m,,
v' Decay @ 2 ypYp, 2 SM FS trough y - yp mixing, prompt decays

1381671 (13 TeV)

I 1 T T

85% CL upper Emiis

— (oserwed

Expecied {median, 6B%):
mg = 2000 GaV

T T T T [ T T T T [ T T
" Oy

CMS 138 i~ (13 TeV)
T T I T T T T I L

" Tp=3GeV

d A {100
E my =3 GeV
4

A o omome {100

—& Chsereed

—- Median expected
Exgme cted #5%: GL

B Expected 8% GL

el — Median expected

A et [A00), o pe (40), o (200
B Oheered

—- Median expected
A cvetem [15%), prum (15%), won= {70%) 3
——  Oiserved
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Yz » fu

mg = 1500 GaV
mg = 1200 GaV
mg = 1000 GaV
mg = 300 GV
mz = B0O GaV
mg = 700 Gev
mig = @00 G
mz = 500 GaV
mg = 400 Gev
mig = 300 Gav
mig = 200 Gey
mg = 125 GaV
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