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The Collider LLP Sweet Spot arxiv.1810.12602
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https://arxiv.org/pdf/1810.12602

Long-Lived Particle Signatures in CMS

In this talk, we will discuss the LLP signatures:
HSCP L1 scouting (2026)

Long-lived 1 (2026)

Non-prompt put (2025)

Light scalars from B decays (2025)

Soft DVs from SUSY coannihilation (2025)

We also highlight some unconventional signatures!
e Black holes, string balls and sphalerons (2026)
e Fractionally charged particles (2025)
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https://arxiv.org/abs/2601.20063
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https://arxiv.org/abs/2511.11888
https://arxiv.org/abs/2508.06363
https://arxiv.org/abs/2511.08212
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-006/

CMS Trigger Innovations

Data flow for a typical 2018 data-taking scenario

Level 1
Trigger

Collisions: ~ 30 MHz

22222222222

~100 kHz

Standard data stream:

~1kHz, ~1000 MB/s

Parking data stream:

~3 kHz, ~ 2000 MB/s
Full detector

information and
online resolution

Scouting data stream:

~5 kHz, ~ 40 MB/s

Prompt offline
reconstruction

Delayed offline
reconstruction
—

No offline
reconstruction

I Data reconstructed and stored on disk

| + More data, softer objects :
1
1

arxiv.2403.16134

- Highly targeted

+ Extremely low thresholds |
- At the cost of resolution :
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Long-Lived Signatures

HSCP L1 scouting - arxiv.org:2601.20063 (2026) NEW!

Long-lived 1 - arxiv.org:2601.17576 (2026) NEW!

Non-prompt pp - arxiv.org:2511. 11888 (2025) NEW!

Light scalars from B decays - arxiv.org:2508.06363 (2025) NEW!

Soft DVs from SUSY coannihilation - arxiv.org:2511.08212 (2025) NEW!
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https://arxiv.org/abs/2601.17576
https://arxiv.org/abs/2511.11888
https://arxiv.org/abs/2508.06363
https://arxiv.org/abs/2511.08212

Heavy Stable Charged Particles (HSCPs) via L1 Scouting arxiv:2601.20063

I

! Signature: Pair-produced HSCPs, slow (B < 1), traversing muon system across multiple BXs
! Trigger: L1 Data Scouting (first CMS analysis!!) - 40 MHz BX-rate readout, no trigger filter
! Bkg. Estimation: Data-driven using signal-depleted, asynchronous stub orderings
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https://arxiv.org/pdf/2601.20063

Long -Lived 1

+
.
| Slgnature Pair-produced staus (t — t G) within tracker. | /
I |
, Both T decay hadronically — 2 displaced t_h I D e e &
| Trigger: MET from the Gravitinos and t_h decays ; -7
| Bkg. Estimation: Data-driven t_h mis-ID rates from CRs | B ik BT &
- T
| Innovation! 1 identification using DisTau GNN tagger ; \
o e o e e e e e - .— ——————————————————— -l :F
Performance of the DisTau tagger B T
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2 . F 1 T 10° L Senn 5! maximal mixing
c 10‘15— 3 E E c
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...................... . ; 8|
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https://arxiv.org/pdf/2601.17576
https://cds.cern.ch/record/2904366

Non -prompt pu

: Signature: Displaced pp vertices from dark showers!
| Trigger: B-parking - non-prompt single-p1 triggers
| Bkg. Estimation: BDT against heavy-flavor QCD.
! Final dimuon-mass fit in 12 categories with smooth envelope. !

Representative single-vertex category

41 6fb
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arxiv:2511.11888

Vector Portal
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https://arxiv.org/pdf/2511.11888

Light Scalars from B Decays

: Signature: B — K + ® ; ® — hadrons — muon endcap shower cluster
| .
1 Trigger: B-parking - same dataset as non-prompt pp

Candidate signal event I
g 1 NNo excess!
CMS Experiment at the LHC, CERN | o o e e e e e e - - 1
Data recorded: 2018-Sep-30 00:29:54.257768 GMT =
Run / Event/LS: 323727 / 916507419 / 507 _ 104CMS 41.6fb' (13 TeV 1 =
£ g
o o
13) 10" @
10° E
102 E
oy
! 102 . &
10° >

—— BB K®) = 0.010
----- B(B — K®) = 0.001
[ i L L N | L 10—5
03 04 05 1 2 3
® mass [GeV]

Gianfranco de Castro - PHENO Symposium - 5/11/26


https://arxiv.org/pdf/2508.06363

Soft DVs from SUSY Coannihilation

|
: Signature: Pair-produced LL t or wino-like XQ — [
. |
| Soft tracks + MET + ISR jet 1P
. ~ | -
| Trigger: MET from invisible LSPs y,° I . -
. |
| Bkg. Estimation: Data-driven transfer factors from CRs b
e e e e e e e e e e Y |
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Unconventional Signatures

Black holes, string balls and sphalerons - arxiv:2604.10732 (2026) NEW!
Fractionally charged particles - arxiv:2402.09932 (2025)
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https://arxiv.org/abs/2604.10732
https://arxiv.org/abs/2402.09932

Black Holes, String Balls, & Sphalerons

: Signature: High-multiplicity final states with energetic jets, leptons, and

I
; photons

1 Bkg. Estimation:

I
I
I
: Trigger: On the scalar sum of jet pT in the event (HT) :
I
; Semiclassical nonrotating BH
I
I

: - Shape invariance of ST wrt to track multiplicity
I
I

. . . P . 1
- Phase space distance groups events by kinematic similarity 108 pMS _ 13817 (13 Tev)
——————————————————————— .——-——.—-———-———-—' »g - B, MD_2TeVn_2 95°/CLupperI|m|'[sE
Support Vector Machine classifier c 10%F N24,8>01 __ 5 BH) .
. . . . ) . (@) - SVM score » 0.63
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https://arxiv.org/pdf/2604.10732
https://link.springer.com/article/10.1007/BF00994018

Fractlonally Charged Particles arxiv:2402.09932

: Signature: DY-like pair-produced FCPs with muon-like :
1

| track with low dE/dx I
. : : l

| Trigger: Single muon trigger !
|

I

|

1

! Bkg. Estimation: Fit the number of low dE/dx tracker hits
in a CR and extrapolate to the SR

59. 8 o' (13 TeV) i 138 fb (13 TeV)
" R B < A — — .
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5 : P R Pah SRS ]
pd c [ ]
O 06 ]
107F 05E = E
E ”: _- . . - - | | | | | E 0.4 S “e—~ CMS 23.8 fb' (7+8 TeV) =
o 98 S i i i i : e - = CMS 5.0 17 (7 TeV) ]
s 7 - e ! : 03F OPAL 693 pb ' (130-209 GeV) ]
n 0.5 E1 1 1 1 L L L L L 1 = = L | ! L L | L L L | L L L | L L L | —

0 2 4 6 8 10 12 14 16 | 1 dSE/d 200 400 600 800 1000

ow X
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https://arxiv.org/pdf/2402.09932

LLPs and Unconventional Signatures (@ CMS - Summary

e (CMS covers a wide variety of LLP signatures:

o  Tracker DVs, MS clusters, slow HSCPs...
e Trigger and reconstruction innovations:

o LI scouting, B-parking, DisTau GNN

o  Push into regimes prompt searches systematically miss

e  Most stringent limits to date on multiple BSM models!

Are there quantum black holes that evaporate instantly?

Gianfranco de Castro - PHENO Symposium - 5/11/26 14
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HSCPS Via Ll SCOthing Search for heavy long-lived charged particles.... arxiv:2601.20063. Figs. 1 and 4
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https://arxiv.org/pdf/2601.20063

HSCPS Via Ll Scouting Search for heavy long-lived charged particles.... arxiv:2601.20063, Fig. 7

CMS Across > 2 BXs 3.7 (13.6 TeV)
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HSCPS Via Ll Scouting Search for heavy long-lived charged particles.... arxiv:2601.20063, Fig. 7

CMS Across 2 BXs, 2 tracks 3.7 fb”' (1 3.6 TeV)
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HSCPS Via L 1 SCOthing Search for heavy long-lived charged particles.... arxiv:2601.20063, Fig. 7

CMS Across 2 BXs 3.7H™ ( 13.6 TeV)
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https://arxiv.org/pdf/2601.20063

.. arxiv:2601.20063. Fig. 9

Search for heavy long-lived charged particles..

HSCPs via L1 Scouting
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https://arxiv.org/pdf/2601.20063

Long_LiVed % Search for the pair production of LL SUSY ..., arxiv:2601.17576. Figs. 3

CMS 59.8 fb' (13 TeV)
108 LI B B I 1T 1T 7T I UL I T 1 171 I T 1T 17T I UL I UL I T 1 171 ] UL I T 1T T T
107 ¢ Data I DY(m:h) + jets
[ ' DY(other) + jets [0 W +jets
10° = I Top quark P Multijet
10 [ Other SM 7777 Uncertainty

Events / 0.04 GeV

Data / Pred.

0 01 02 03 04 05 06 07 08 09 1
Displaced 7, tagger score
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https://arxiv.org/pdf/2601.17576

LOIlg-LiVCd T Search for the pair production of LL SUSY ..., arxiv:2601.17576, Fig. 5 and Table 2

10°
Bin no. PT, i2 [GeV] p?iss [GeV] mro [GeV] 10° ' g:::iground ----------- ::; 188 g::// zz ; ?gomnTm
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2 30-50 120-250 >100 o WEC ‘ Y
3 30-50 =250 . § 102 ////////»///////,V/WM////AWW o -_
4 50-100  120-250 <100 TP ¢ //////W/////////////////////,(
5 50-100 120-250 >100 g2 B i
6 50-100 >250 — 10 ikt SRR UL e
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8 >100 — >100 , : : ' ' ' ' '
2 C
% 272777 7NN _ 4 =
8
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Long-Lived T

Search for the pair production of LL. SUSY

... arxiv:2601.17576, Fig. 6 and Table 3

) mz(100) mz(100) mz(200) mz(200)
Uncertainty source Background ¢1(50) ¢1,(100) ¢75(50) ¢1,(100)
Fariongiswibulion — 35,386  29,42,64 446,59  39,44,52
R scale — <0.1,0.29, 14 <0.1, 046, 1.3 <0.1 0.1
Ug scale — 0.62, 43,71 13,51,71 0.63,11,29 065, 094, 2.8
Jet energy scale — 0.83,24,74 068,632,110 039, 14,25 047, 11,25
Jet energy resolution — 0.19, 054,74 0.14, 0.82, 4.3 0.22 0.17

miss ynclustered
g;rlergy — 0.26,09,74 031, 1.1, 89 0.28 0.33
Pileup — 0.66, 12,33  0.62, 0.98, 5.1 0.61 0.59
Integrated luminosity — 1.7 1.7 1.7 1.7
piss trigger — 1.6, 16, 20 1.6, 15, 20 1.7, 14, 16 1.6, 14, 16
DISTAU identification — 17,18, 19 17,18, 19 17 18
Misid. probability
estimation region -1 13 - - - _
Misid. probability
sample size 15,30, 57 - - - -
Alternative bkg.
prediction 8.5, 24, 53 - — - -
Bkg. correction 28,52 8.1 . . . .

from BRT1

Gianfranco de Castro - PHENO Symposium - 5/11/26

Events

Data / Bkg.

Events

Data / Bkg.

CcMs 138 fb™ (13 TeV
F T T T T T T =
10° EPrefit 3
1tk + Data -~ m =100 GeV, ct,=50 mm _|
Background =~ e m; =100 GeV, ct, = 100 mm ?
E 7/, Background uncertainty = = = = m._ =200 GeV, ct, =50 mm "F
102_ """"""" m._ =200 GeV, ct, =100 mm _]|
iy////r////}% E
o d
1=
101
102 |
5
4E E
3f ) l E
OE 4 77, 22l
1 2 3
CcMs 138 fb™ (13 TeV)
F T T T T T T
10° E-postfit (backg ly hypothesi
10t ¢ Data
Background
10° . ’
” Background uncertainty
102 .,
108
1 c f %”)//W//”M//*/W/’ L + ik
E L Y
E 77”7 B
10" "
102
E 1 1 Il 1 1 1
5
4E
3
3 |
JE g 2 ¥
1 2 3 4 5
SR bins

23



https://arxiv.org/pdf/2601.17576

Non_prompt HH Search for low-mass hidden-valley dark showers.... arxiv:2511.11888. Fig. 1

i

A
Vg
L

Figure 1: Diagram for the vector portal model. An SM Higgs boson decays to dark partons
¥, which then hadronise to form dark hadrons including dark vector mesons @ and dark
pseudoscalar mesons 7. The w then undergoes displaced decay into SM fermions f f.
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Non-prompt pu

N
Figure 2: Diagrams for the Scenario A model (left) and the Scenario B1 model (right). In these
extended models the dark hadronisation produces a spectrum of dark mesons, including the
dark pions 77, 77, and 7t5. The 775 then decays into SM fermions ff through the dark photon
A’. Green is used to indicate a long-lived particle. The A’ is a long-lived particle in Scenario A,
while 775 is a long-lived particle in Scenario B1.
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Non_prompt l’ll"’ Search for low-mass hidden-valley dark showers.... arxiv:2511.11888. Fig. 3
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Non_prompt HH Search for low-mass hidden-valley dark showers.... arxiv:2511.11888. Fig. 4
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Non_prompt HH Search for low-mass hidden-valley dark showers.... arxiv:2511.11888. Fig. 7 and Table 3
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]\J()Il'[)f()lll[)t LLLL Search for low-mass hidden-valley dark showers.... arxiv:2511.11888. Fig. 14
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Light Scalars from B Decays Search for b hadron decays to LLPs.... arxiv:2508.06363. Fig. 1

Figure 1: Example Feynman diagram for the production of a pair of B mesons, where one B
meson decays to a muon, neutrino, and another hadron labeled X, while the other B meson
decays to a kaon and the LLP ® (left). Penguin diagram displaying the flavor-changing inter-
action which changes the flavor of the b quark to a s quark, producing the @ particle (right).
The interaction proceeds via a virtual top quark, denoted by the cross, which undergoes a chi-
rality flip, denoted by the outward-pointing arrows on either side of the cross in the diagram.
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Light Scalars from B Decays
41.6 fb' (13 TeV)

Search for b hadron decays to LLPs.... arxiv:2508.06363. Figs. 3 and 4
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nght Scalars from B Decays Search for b hadron decays to LLPs.... arxiv:2508.06363. Fig.5 and Table 2
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Soft DVs from SUSY Coannihilation

Search for LLPs using DVs

... arxiv:2511.08212. Fig. 1

\ N

pn
1 b

Sl I

Figure 1: Feynman diagrams for the t NLSP (left) and the bino-wino NLSP (right) production
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Soft DVs from SUSY Coannihilation Search for LLPs using DVs.... arxiv:2511.08212, Table 1

Systematic uncertainty Magnitude
Background estimate <2%
Track/vertex reconstruction 10-11%
Material map veto 1-3%
Jet energy scale 2—4%
Jet energy resolution 1-2%
Unclustered energy 1-2%
Pileup 3—4%
Trigger 3%
Scale variations 1-5%
PDF variations <1%
Integrated luminosity 2-3%
L1 trigger inefficiency <1%

Gianfranco de Castro - PHENO Symposium - 5/11/26 34



https://arxiv.org/pdf/2511.08212

BlaCk HOleS, Strlng BaHS, & Sphalerons A search for microscopic BHs.... arxiv:2604.10732. Fig. 1
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BlaCk HOleS, Strlng BaHS, & Sphalerons A search for microscopic BHs.... arxiv:2604.10732. Fig. 2
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Black HoleS, String Balls) & Sphalerons A search for microscopic BHs..., arxiv:2604.10732, Fig. 11
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Figure 11: Expected and observed 95% CL upper limits for SB models with Mg = 3.5TeV and
gs = 0.2 (left) and excluded SB mass values as functions of Mg at g5 = 0.2,0.3, and 0.4 (right).
The inner (outer) band represents the 68% (95%) quantile of the expected limit.
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Black HoleS, Strlng Balls) & Sphalerons A search for microscopic BHs..., arxiv:2604.10732, Fig. 12
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Figure 12: Expected and observed 95% CL upper limits on the pre-exponential factor for the
sphaleron model with p(Ngg) = 0.5 (left), and observed limits with p(Ngg) = 0, 0.5, and 1
(right). The inner (outer) band (left) represents the 68% (95%) quantiles of the expected limit.
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Fractionally Charged Particles Search for fractionally charged particles. ... arxiv:2402.09932. Fig. 2
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Figure 2: The dE /dx distribution for hits on candidate tracks in the CR and SR in 2018 data. The
last bin is an overflow bin. The vertical bars and the shaded area correspond to the statistical
uncertainty in the SR and the CR, respectively.
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