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Talk outline

e Hidden Valley models

e Dedicated data streams in CMS
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% Decay of dark
showers

e Analyses and results

o Run 2 Parking analysis: EXO-24-008
o Run 3 Scouting analysis: EXO-24-016
o Run 2 Search for lepton-enriched semi-visible jets: EXO-24-029

e Summary
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The dark sector

e Hidden Valley models extend the SM gauge group by a new non-Abelian
gauge group, which describes a new dark sector

e Contain dark matter candidates that are uncharged under the SM gauge group

e Mediator particles connect the dark sector to the SM

Visible sector Portal Dark sector
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Searches for dark showers in CMS ——‘%\

\
e Hidden Valley models can produce dark hadrons with \

high multiplicity, known as dark showers I/ /
e This talk will include: /% /7!
o The first dedicated search in the LHC for dark \\? —

showers decaying into displaced muons (Run 2) o

% m  CMS-PAS-EXO-24-008 Displaced vertices
= Also see Jacopo Pazzini’s talk and Jingyu
Luo’s talk!

o Ageneral displaced muon search (Run 3)
% s CMS-PAS-EXO-24-016

o The first collider search for lepton-enriched
% semi-visible jets (Run 2)

m CMS-PAS-EX0O-24-029 to be released soon!

Semi-visible jets
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https://cds.cern.ch/record/2930038?ln=en
https://indico.cern.ch/event/1493037/contributions/6434027/
https://indico.cern.ch/event/1493037/contributions/6553924/
https://indico.cern.ch/event/1493037/contributions/6553924/
https://cds.cern.ch/record/2938078?ln=en

Hidden valley benchmark models [ Vector portal |

e First search for the production of dark showers from arXiv:2103.01238
the SM Higgs S. Knapen, J.
e Dark partons W hadronise through dark QCD into Shelton, D. Xu
dark mesons
e Extended benchmark models (Scenario A, B1) : g

feature a light dark photon A" and two dark flavours
e Decay topologies can give non-pointing signature

[ Scenario A | [ Scenario B1 |
o,
Resonant, B ﬁ!*f Resonant,
pointing L non-pointing
A
ark Y~ 7,
Ho---mmmmme- R
T
e arXiv:2303.04167
Lﬁzm WV‘{\’_I S. Born, R. Karur, S.
AT 7 Knapen, J. Shelton
)_F“\f
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https://arxiv.org/pdf/2303.04167
https://arxiv.org/pdf/2103.01238

Dedicated data streams in CMS

e Searches for displaced, low-mass signatures are challenging!
e Limited by standard trigger strategies
e Two dedicated data-streams to lower trigger thresholds and increase physics acceptance:

o Parking: Delayed offline reconstruction
o Scouting: Reduced event content, reconstruction from High Level Trigger only

Standard data stream: | Prompt offline
= ~1 kHz, ~ 1000 MB/s reconstruction
Fl—
S|
ol|l—
? - = Parking data stream: | Delayed offli gee Ja? Ot O/k'
Ll : : | Delayed offline
2|— Trigger ~100 KHz Full datector ~3kHz, ~2000MB/s | reconstruction azZINi S talkc
S Full detector
a|™ information and
I
e Scouting data stream: No offline
= ~5 kHz, ~ 40 MB/s reconstruction
v
| Data reconstructed and stored on disk |
Physics Reports 1115 (2025) 682 *Numbers are representative for 2018
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https://www.sciencedirect.com/science/article/pii/S0370157324003247?via%3Dihub
https://indico.cern.ch/event/1493037/contributions/6434027/
https://indico.cern.ch/event/1493037/contributions/6434027/

Run 2 Parking analysis [m

e The Run 2 “B-Parking” strategy: e Use of event-level BDT in the analysis to

perform background rejection:
o Variables from muons, muon secondary
vertices (SVs), general SVs
o  Able to achieve 10* background rejection

with > 30% signal efficiency!

o originally motivated by the study of B
flavour anomalies

o Displaced single muon triggers:
p; thresholds range from 7 to 12 GeV,
IPSig thresholds range from 3 to 6

CMS Slmulatlon Prellmlnary _(13Tev)
> _ -~ - 5 3 fb (13 TeV) % 10° — Vector portal (mg —2GeV cr—10 mm) o I_:
s [ ems W (12, 12,6) W(10,9,6) ] =  SanaliE) sl Gl o4 e creft ) 4
S . I M(10.9.5) M(9.9.6) ] 5 = QD background ]
> 107 | W95 ME©85 3 e
3 g i @G 9,6 M@695 ] 2
T .6l | wes mE85 ME74 ] &
2 10°F pw @ o) (7.8,3)  (7.7,4) = T
c (PP IPET) 3
O 10°F E
10* S
10° e
= 1 Lk | 1 1 d: 1 1 d i I 1 1 i 1 1 s I | |
o 10 107
Physics Reports 1115 (2025) 682 m,, [GeV] Muon [d,,| [cm]
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https://www.sciencedirect.com/science/article/pii/S0370157324003247?via%3Dihub

Event categorisation [m

e Check the muon SV multiplicity:
o if there are at least two muon SVs with mass
within 3% of each other:
> multi vertex category
o Otherwise:
> single vertex category [
e Categorise in transverse displacement: 102}
o l,<1Tcm, g
o 1cm<IXy<1Ocm,
o IXy >10 cm
e (Categorise in pointing angle:
o pointing angle < 0.2,
o pointing angle > 0.2

(13 TeV)

LA S E—— T]

CMS Simulation Preliminary
S B s B
F ! — Vector portal (m=2 GeV, ct=10 mm) B
—— Scenario A (mg3 = 10 GeV, my = 3.33 GeV, c1=10 mm)
—— Scenario Bl (mg3 =4 GeV, mpy = 1.33 GeV, c1=10 mm)
[ QCD background E

Fraction of events
1)
N
|

10‘3E

10‘4E

0 5 10 15 20 25
Muon SV Iy, (cm)

n .

L Pointing angle
1

[l

——> 12 categories in total >
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Dimuon mass distributions in example categories W

e Much smaller background in the multi vertex category (right) compared to the single
vertex category (left)

e Grey bands indicate mass regions of SM resonances, which are masked in the analysis

e Perform parametric fit with a sliding mass window to extract signal

10sCMS Preliminary 41.6 fo! (13 TeV) - CMS Preliminary 41.6 fo™" (13 TeV)
> F T T 3 > L L — E
8 f Slngle vertex —|— Vector portal (mw_2 GeV cr-10 mm) ] [0} g Multl vertex —|— Vector portal (mw=2 GeV cr—10 mm) E
P L 1cmcly<10cm —+ Vector portal (mz=20 GeV, ct=10 mm) | (c?l [ 1cmcly<10cm —— Vector portal (mz=20 GeV, ct=10 mm) ]
Y] 1045_ pointing angle < 0.2 ¢ Data e N 104 pointing angle < 0.2 4 Data |
S ] o
2 2
C ™ ki c + i
g 1035— E g 108 E
L E E | F E
102 3! b E 102§ E
_ | * : J
107 E_f ﬁ+ H E 10! - i
1071_.‘.‘|‘...|. .nw..._..m.‘.\.. e | PR Y Y O P A r...‘||...|‘||.ﬂﬂ_1|]j[‘h||.<.|.|.‘
0.0 2.5 5.0 7.5 10.0 125 150 175 200 0.0 2.5 5.0 7.5 10 0 125 150 175 20.0
Muon SV mass [GeV] Muon SV mass [GeV]
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Limits - Vector portal W

e No significant excess is observed f fo_ 100 EMS/,’[?'”"",/’??,’}(“' - l“,?,;ﬁ'??ﬁfﬂ“ (13 Tev)
over the SM expectation 3 Vector portal —— mg=2 GeV

e Computed 95% confidence level T 1021 —— mg=5GeV -
(CL) upper limits on B(H=>yy) as ; — mg=15GeV ]
10'E —— mg=20GeV

a function of the mean proper
decay length ct of the long-lived
particle (LLP), @

e Limits are complementary to
those from a previous search with
muon detector showers in CMS

e Probe for cT
less than 0.1 m for all masses (as

0=F EXO-24-008 g
low as 2 GeV) 10‘4:— V —:
e Achieve an

—5_....I R EET] R SR TT] R AW R TT] R SR UET] SRR TT] B SR
N th ¢ R T B T e R TR TR 10° 107 102
in the range of ct ct [m]

between 0.1 and 0.5 m

1 B

Phys. Rev. D 110,
032007

95% CL upper limit on BR(H
2
|
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Limits - extended benchmark models EX0-24-008

e Computed limits on B(H=>wy) as a function of the mean proper decay length of the LLP
e Able to impose limits at 10 to ~6x10** over much of the phase space
e Low mass model points! (below 2 GeV)
[
resonant, pointing scenario resonant, non-pointing scenario | r 7
]
 CMS Preliminary 41.6 fo' (13 TeV) 1 00,CMS Preliminary 416~ (13Tev) |/ ‘,_A\,;-'f
3 10 Scenario A" ! o R AR SO 3 Scenario B1 ! o R H
= Mgz =4 GeV = mqz=4 GeV i
’ ma =1.33 GeV T M = 1.33 GeV '.'
T 10-'L B(A"-pp)=0.305 T 10-'k B(A - pp)=0.305 e
o = .
os) el é
E 1077 E 10°¢ Scenario Bl
Scenario A g g L
@ 10°° @ 1073k
Q [oX E
j -- Median expected ] j 5 ---- Median expected ]
O 104 — Observed : O 10 — Observed v
50 B 68% expected ] 2 F I 68% expected
24 95% expected 8 C 95% expected
10—5, PR T T SR | " el L PR R A 10—5 L il s bl L PR R T
107" 100 10’ 102 10! 100 10! 102
CcT [mm] cT [mm]
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Run 3 Scouting analysis [m}

e Ageneral displaced muon search using 2022-2023 Scouting data
e Improvements in Run 3 Scouting:

o Additional muon information e.g. track hit pattern

o PF (pixel-only) candidates e.g. for isolation

o)

CMS 32.0 o' (13 TeV) and 17.6 fb" (13.6 TeV)

§ 10° Position of pixel detector layers: 29-68-109-160 mm

o A

= I Run 2

g 103§ Run3

£ 1Dt

°

T S A

§ USEL™.

i F

NG | ||

0 20 40 60 80 100 120
Physics Reports 1115 (2025) 682 L, lom]
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https://www.sciencedirect.com/science/article/pii/S0370157324003247?via%3Dihub

Run 3 Scouting analysis W

e Scouting di-muon triggers with p.*> 3 GeV

e Event Categorisation' CMSPre//mmary 62.4 fo', (13.6 TeV)
%-’ : Four-muon Scenar|oB1 My 2GeV ma=0.67 GeV Cln 01 mm :
O D|muon events (OD 104} Overlapping ScenarioB1: my =4 GeV, ma=1.33 GeV, cTy= T mm |
— = ScenarioB1: m; =5 GeV, ma=2.40 GeV, ct,= 0.1 cm §
m Splitin p;*¥, isolation, pointing angle 3 | + Data !
. . . . < 10 3
m Further binned in eight IXy bins s | ]
L

o Four-muon events: 107
m Multivertex category (two resolved SVs) i
m Overlapping vertex category

e Signal extraction by sliding windows over 10_ ‘ H| ‘ ” L “H J l IH
2y |
hypotheses o

10"

the mass spectra for the different

K. Law LP-2025-August-26™ 13




Run 3 Scouting analysis

K. Law

EXO-24-016

Set 95% CL upper limits on some benchmark models in Scenario A and Scenario B1

95% CL upper limit on Br(h - YV¥)

10~!

1072

108

resonant, pointing scenario

CMS Preliminary 62 4fb' (136 TeV)
L S e e T T =,
B Scenarlo A (Mg = 4 GeV mp= 1 33 GeV) >
—— Observed >
--- Expected T
+20 expected =
— = o 0
s +10 expected m 10
—— Dark showers search [CMS-EXO-24- 008] g B
E
P E @ 107"}
] (o8 i
—_— o
= =]
4 —
o
2
Z_ S — =occgeo=— —: E’o 10—2
I D
| | L | L L | L
102 10" 10° 10'

Lifetime ct [cm]
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IS seen so far

resonant, non-pointing scenario

CMS Preliminary 62, 4o (136 TeV)
T T ]
B Scenano B1 (m,, =2 GeV ma= 0. 67 GeV)
— Observed
-=-- Expected
+20 expected
= +10 expected =
—— Dark showers search [CMS-EX0-24-008] 7
S ]
e
________
S, 3
| L | L L | L L | L
1072 107" 100 10!

Lifetime ct [cm]



Search for lepton-enriched semi-visible jets [m

e Dark showers can produce semi-visible jets (MET aligned with jets) that contain
opposite-charge lepton pairs produced by unstable dark hadrons
o for this signature

Decay back to SM

& SM quarks shower/
hacéronization @ Unstable dark hadrons

Stable dark hadrons

Shower/hadronization
(dark sector)
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https://arxiv.org/pdf/2206.03909

Search for lepton-enriched semi-visible jets W

e Perform binned fit in dijet transverse mass CMS Simulation Preliminary (13 TeV)

£ I T
e Employ a graph neural network jet tagger = 10° ST o Y g
(LundNet) to discriminate between signal o Dol
. = L +jets == Mz =2 leV, lipy = 0.3, Mgark = e
and background jets Bl B il -
e Train two independent deep neural networks g W Wiels e mz =4 TeV, =03, Muus =16 GeV
to engineer two discriminators for an ABCD £10-" i
method 2
g A . 1
% —— Shape A 10
—— Shape B
2 — Shape C & : |
S’ Region B Region A — Shape D 0 : e B g
g (Signal region) =t
. egion egion EE -7 | I ! b i
% i Fedent = 107 2000 4000 6000 8000
! mt [GeV
DNN score 1 (D,) = " T[GeV]
my [GeV]
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LundNet semi-visible jet tagger e

Original AK8 Jet Lund Tree IRC-safe Lund Tree IRC-safe Lund Graph

.r(l)

v

Encode BSM and SM Reduce dependency on MC Feed to a supervised
shower history hadronization modelling ~ GNN for S vs B discrimination

o G 0) Od ta g g N g CMS Preliminary 138 fb™' (13 TeV) 1 0. CMS simulation Preliminary (13 TeV)
c LN L R L - T I B R vy
o » - —t
rf f 1] SVJE model w ==
p e O rm a n Ce O r % Multilepton category, |An|<2.2 Iy = ,,//’;‘-“/
. . Q Z(vi+jets) Background uncertainty n g 0.8 /rﬁf’:// ]
different signal § | mae —meteonmecnen | g 000 %
o aco Mz =3TeV, finy=0.3, My = 16 GeV 3 W/
.8 -t s+ mz=4TeV, i =0.3, My =16 GeV @ | 1/ "r,"
£ - Wajets 4 & 1/
model parameters : | d B oslld ]
£ | fQ 4 svdt model
. 2 eiw _,r.»?ﬂ.';‘! ‘,f Multilepton category, |An|<2.2
e Good modelli ng of we E =2 TeV, e 3, M 1GoV (AL - 01880
0.4 e Mz =3 TeV, i, =0.3, M= 16 GeV (AUC = 0.891)  _|
4 =+ Mz =4TeV, r,,=0.3, My =16 GeV (AUC = 0.906)
G N N S CO re My =3 TeV, fin = 0.5, Myarq = 16 GeV (AUC = 0.857)
=+ mz=3TeV, ry,=0.3, Mya =8 GeV (AUC = 0.868)
0.2 =t My =3 TeV, i, =0.3, Mg =32 GeV (AUC = 0.862) |
PO [ R

PR IO (S | P R R RS R
0.2 0.4 0.6 0.8 1.0 0'840 0.2 0.4 0.6 0.8 1.0
LundNet discriminator (J1,2) Background efficiency (€okg)
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Search for lepton-enriched semi-visible jets [m

CMS pPreliminary 138 fb~' (13 TeV)

IlllllllllllllllIIIIIIIIIIIIIIOlsllll
rnv-

Myark = 16 GeV
—= Expected

-e— Observed

95% CL expected
68% CL expected

e No significant excess of events is
observed above the expected
background

o x BR (pb)

L L L1l

on lepton-enriched
semi-visible jet
signatures

@ Unstable dark hadrons
Stable dark hadrons

I'I'I'II_I'FH'ITI'I [u]..m?rﬂm ||||I'I'IT| T |||||m'|_|'|'
.
—_ O

£sm 1072

=
=
-
el
~-
~~~~~~~~~
-—=

P11

e Sensitivity i dsm

0908 1
A (N
decreases with ; %%M ~~~~~~~~~~~
increasing r. c ot
| Ll

(WIMP-like regime) //
1500 2000 I 3:000 ~ I 4000 I 5000

r. .= N(stable dark hadrons)/N(dark hadrons) My (GeV)

—
-~
~—
----------
-----
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Summary

e Hidden Valley models can produce challenging signatures
Dedicated data streams in CMS provide opportunities to explore new phase space
Presented results for the new Parking (Run 2) and Scouting (Run 3) analyses
o Stringent limits are imposed on three dark shower benchmark models
o Complementarity between the two data streams is achieved
e Also presented results for the first collider search for lepton-enriched semi-visible

jet signature
e More searches to come!
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Backup slides
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Branching ratios

e BRfordecay touu ~10-30% in the vector portal depending on the mass
e uu has a high BR across the full range of mass

e Use dimuon invariant mass to search for signal

10°

._.
)

:%
T

Branching ratio
S

10—3 -

10—4 1 L 1 4
107! 10° 10! 10°

ms (GeV)
https://qgitlab.com/simonknapen/dark_showers_tool
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https://gitlab.com/simonknapen/dark_showers_tool

Hidden valley benchmark model S. Knapen, J. Shelton, D. Xu
arXiv:2103.01238

e Search for the production of dark
showers from the SM Higgs

e First consider the vector portal model,
which contains one dark flavour

e Y denotes the dark parton

e ( (dark spin-1 meson) is the
visibly-decaying particle

e 0 (dark spin-0 meson) is assumed to
escape the detector as missing energy

| Vector portal |

K. Law LP-2025-August-26™ 22



https://arxiv.org/pdf/2103.01238

Extended hidden valley benchmark models

e Extended benchmark models feature a light dark photon A" with dark flavour-violating couplings

Contain two dark flavours instead of one ——=)>wider spectrum of dark hadrons
o pseudoscalar n and dark pions T, T, T,
o ndecays promptly into 1.in scenario A and scenario B1

e Decay topologies can give non-pointing signature

Resonant,
pointing

f
Resonant, M f
non-pointing ! AR

: .
[ Scenario B1 | ;\f

[ Scenario A |

arXiv:2303.04167 S. Born, R. Karur, S. Knapen, J. Shelton
LP-2025-August-26"
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23


https://arxiv.org/pdf/2303.04167

Model parameters

e Different mass and lifetime model points are considered in the analysis

Signal model Model parameters

Vector portal m . mass of the dark vector meson
cr: mean proper lifetime of the dark vector
meson

Scenario A/B1 m_,: mass of the dark pion 1,

m ,;: mass of the dark photon
cr. mean proper lifetime of the dark photon
(scenario A) or the dark pion T, (scenario B1)

K. Law LP-2025-August-26™ 24




Generated dark meson multiplicity

e The high muon multiplicity comes from the high multiplicity of dark mesons
e The dark meson multiplicity increases with decreasing mass of the dark meson

CMS Simulation Preliminary (13 TeV) CMS Simulation Prellmlnary _(13TeV)
%) P 5 5 5 [ % RA A J 2% ¢ o] T F 5 5 bl 0 T
c 0.401- : —l Vector portal (n|1.;,=2 GeV, cr=10|mm) ] 'E 0'40: e — ScenanoA(m,,s 1 GeV, my: -0 33 GeV ct= 10mm) :
g’ C l: Vector portal (m;=5 GeV, ct=10 mm) ] G>J - ~ Scenario A (m3=4 GeV, my=1.33 GeV, ct=10 mm) -
()] 0.35 il — Vector portal (m;=10 GeV, ct=10 mm) _] @ 0.35 - — Scenario A (M=10 GeV, ma=3.33 GeV, ct=10 mm) _|
“6 ’ —— Vector portal (mg=15 GeV, ct1=10 mm) ] "'5 [ —— Scenario B1 (my3=1 GeV, ma=0.33 GeV, ct=10 mm) |
c ] — Vector portal (m=20 GeV, ct=10 mm) 1 c - L —— Scenario B1 (m3=4 GeV, my=1.33 GeV, c1=10 mm) |
O 0.30F — o 0.30[- |
© + [
8 | g
w 0.25F | |— . w 0.251 — .
0.20F | L[ — 0.20 —
0.15} . 0.15 -
0.10} W ] 0.10 -
0.05} —‘ J 0.05f .
L L I ;_V_‘ oo I PR N S N S N S E L P I S S N IIN!
0.0 0 5 10 15 20 0.00 10 15 20
Dark meson w multiplicity Dark meson 13 multiplicity
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Signal and background features [ EXO0-24-008 }

e A higher number of muons in the signal compared to the QCD background
e Muon variables provide excellent discrimination between signal and background
CMS Slmulatlon Prel/mlnary (13 TeV) CMS Slmulat/on Prellm/nary (13 TeV)

g 102 — Vector ponal (m,,,-2 GeV cx 10 mm) o — g 100 — Vector portal (mu,_2 éeV c1= 10nI1m; S I__
g —— Scenario A (m;3=10 GeV, ma=3.33 GeV, ct=10 mm) g — Scenario A (M;3=10 GeV, ma=3.33 GeV, ct=10 mm) §
() —— Scenario B1 (mz=4 GeV, ma=1.33 GeV, ct=10 mm) E —— Scenario B1 (m3=4 GeV, my=1.33 GeV, c1=10 mm) ]
"6 = QCD background '46 [ QCD background
§ 1T | S
g g
C L

1072 N

10—4 | |

108} &

8 10
Muon multiplicity Muon [dyy| [cm]

LP-2025-August-26™



Event-level BDT [ EXO0-24-008 ]

Multivariate input:

Muon: 16 variables

SV: 13 variables

Muon SV: 15 variables

Global variables (number of muons, number of SVs, number of muon SVs)
Maximum of [8, 8, 8] leading ordered muon, SV, muon SV considered

—> On average ~100 input variables

Input samples:

e Use signal MC and QCD MC samples for the training

e Train/test/validation split of 60:30:10
Signal and background are carefully weighted to give equal contribution to the training by using
(event-by-event) weighted binary cross entropy loss

e All signal model mass and lifetime point samples have been reweighted to give equal contribution to
the total signal class

K. Law LP-2025-August-26™ 27




BDT input variables [ EX0-24-008 }

Muons (16 variables): 1, ¢, pr, pr uncertainty, dyy, d, error, d;, d; error, IP, IP significance,
charge, tight ID, soft MVA, PF relative isolation (total), mini PF relative isolation (total), index of

the associated jet.

Secondary vertices (13 variables): pr, 1, ¢, x-position, y-position, z-position, dy, dx, significance,

3D decay length, 3D decay length significance, pointing angle, ¥, number of degrees of freedom.

Muon secondary vertices (15 variables): xZ, pointing angle, 3D decay length, 3D decay length

significance, d.y, d,y significance, pr (), n(u1), ¢(t1), pr(u2), n(M2), ¢(u2), vertex x-position,
vertex y-position, vertex z-position.

Other variables (3 variables): number of muons, number of secondary vertices and number of

muon secondary vertices in the event.

Maximum number of muons used: 8; maximum number of secondary vertices used: 8; maximum

number of muon secondary vertices used: 8.

K. Law LP-2025-August-26™ 28




Fitting strategy [ EXO0-24-008 ]

e Use the Voigtian function to model the signal
Fit with a sliding mass window of 5xHWHM (HWHM found to be 1% of the signal mass) in each category
e Use an envelope of functions for the background fit
o polynomial (first order), exponential and power law functions.
e Discrete profiling systematic

0 CMS Preliminary 41.6fb~" (13 TeV) 25§ CMS Prellmlnary 41.61b" (13 TeV)
> : — — < 351 — — T ]
o | Slngle vertex —_— Background m [OR Smgle vertex —_— Background flt .
g ! rjm.<l < 1|0 €M~ Scenario A, my; =2 GeV, my =0.67 GeV, ct=10mm | Eg [ ety by < 1'0 cn(; o = Scenario B1, mqs =4 GeV, my =1.33 GeV, ct=10 mm ]
5 10k pointing angle < 0.2 4 Data ] < 30 - pointing angle < 0. { Data 7

QA L

e I o [

SEN S I
[ <) 251~ .
% 8| - a f ]
L = ]
> ]
w - J
e ]

|
- n
(5] o
L P
P
[

-t
[=]

4]
B

4M ||J||| 2
gy I D

0.64 0.65 0.68 0.69 0.70 1.28 1.30 1.32 1.34 1.36 1.38
Muon SV mass [GeV] Muon SV mass [GeV]
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Dimuon mass distributions in single vertex categories - vector portal

Events/0.22 GeV

Events/0,22 GeV

Events/0.22 GeV

CMS Preliminary 41.6fb™' (13 TeV) “_PCMS Preliminary 41.6b~" (13 TeV)
T T T T T T T T T
Singla vartax ~ Vactor portal (mg -2 GaV, c1+10 me) z Singis vartax ~ Vectar panal (-2 GAV. c¥-10 mm)
Lyt em portal (mg=20 GeV, ct=10 mm) L lo <1 6m - Vector partal (=20 GeV, cr-10 mm|
104k poinling angle < 0.2 { oaa 4 N 104 porting angle> 0.2 4 ban
S
)
H
wh 4 2 L E
107 E
‘DAD 25 5.0 75 100 125 150 175 200 0.0 25 5.0 75 100 125 150 175 200
Muon SV mass [GeV] Muan SV mass [GeV]
.- CMS Preliminary 41.6 0" (13 TeV) - CMS Preliminary 41.6 o~ (13 TeV)
T T T T T T > T T T T T T T
Singla vartax =+ Vectar portal (=2 GaV, c1=10 mm| (] Single vanax =+ Vector partal (mg=2 GaV. cx=10 mm)
Tem ¢l <10 em 4+ Vactor portsl {mg<30 Ga, ct-10 mm) 2 temely<10em = Vector portal (m=20 GeV, c1-10 mm)
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Dimuon mass distributions in multi vertex categories - vector portal EXO-24-008
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Limits - Vector portal EX0-24-008
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Limits - Scenario A EXO-24-008
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Limits - Scenario B1 EXO-24-008
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Summary of systematic uncertainties [ EX0-24-008 ]

e Signal uncertainties: . .
_ _ _ Signal systematic
o Summarised in the table on the right uncertainty
o Measure the systematic uncertainties from 8DT 10
the BDT and displaced muon identification °
using the J/Psi mass region Displaced muon ID ~1-17%
o Used the trigger scale factc?rs dgrwed by Trigger 1-29%
EXO-22-019 for the B-parking triggers
e Background uncertainties: Pileup ~5%
o Discrete profiling systematic uncertainty Theory uncertainty in 3.9%
accounts for the uncertainty in the choice of 9gF Higgs production
fitting function
Strong coupling 2.6%
constant
PDF 1.9%
Luminosity 2.5%
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Run 3 Scouting analysis - dark s

CMS Preliminary 62.4 fo=' (13.6 TeV)
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Run 3 Scouting analysis - four muon mass

[ EXO-24-016 }

Resolved Overlapping
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3S i lysi di )
Run couting analyslS - dimuon mass EXO-24-016
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Search for SVJ! - The MD-ABCDisCoTEC Method [ EX0-24-029 }

Z A
5
= —— Shape A
—— Shape B
SVJ tagger scores Feed to MD- = —— Shape C
ABCDisCoTEC g e ey —— Shape D
E7rand jets related net A (S]gna]wm)‘ .
features _— — =
Leptons related Z | i RegianC
features -
DNN score 1 (D)) = >
my [GeV]

Train simultaneously two independent Deep Neural networks to engineer two
optimal discriminators that can be employed for an ABCD method in bins of my:

+ Decorrelate DNNs against each other and against m
+ Enforce ABCD closure in training

= Building on the method implemented in CMS-MLG-23-003
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https://arxiv.org/abs/2506.08826

Search for SVJ{ - Fit
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= Validation (VR) of the method using data in signal depleted region (1.5 < An < 2.2)
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= Yield systematic on ABCD prediction from VR, shape systematic extracted from MC at Ay < 1.5
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