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Long-y:

= ,f/ =3

Partlcle Ilfetlme can be large enough to enhance the probablllty to travel measurable dlstances
before decaying.

In SM, we have LLP such as kaon, pions and muons !

In BSM, long lifetime could be generated by:

 Nearly mass-degenerate spectra (ex: compressed SUSY)

 Heavy virtual mediators (ex: heavy neutral lepton)
Decay probability for A =1 m in CMS (n = 0)

« Small couplings (ex: hidden sector models) ~prompt

tracker
calorimeters
muon system
outside detector

The probabilities depends on ycrt

24.6%
in calorimeters

5.4%
in muon system
0.1%
outside

0 2 4 6 8
distance travelled [m]
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- Charged
- any charge

disappearing
track
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W BSM
B lepton

B quark
photon

B anything

displaced
lepton
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vertex

W 0 J. Antonelli  ICHEP 2016, Aug 6th

displaced

conversion

displaced
photon

signatures involving
calorimeters and
muon chambers

..) Ieao a wide rnge
experimental signatures that often require dedlcated searches

Today’s menu:
4 new CMS results

v' Soft displaced vertex
v Pair ofdlsplaced taus
v’ Displaced u u & h*h-
v' LLP Trigger @ run 3

More covered in Celia Fernandez
Madrazo’s presentation (11.07)




];ver"l'ex & MET

“ ' | N | EX0-24-033
. Previous SUSY searches limited at low mass spllttlng between LLP & WIMP
=  New analysis targetting LLP decay into 2 2 charged pa;hcl\l/?éTé Soft (pT>0.5 GeV) Displaced Vertex

o er e + Initial State Radiation jet > boost the decay
Top squark coannihilation

b

~ .Zf ISR + MET + Soft Displaced Vertex
- ~+ MET >
P t] /
s ﬁ MET
[=1-- : MET trigger
/ _ ™~ “MET > 400 GeV
[

Bino-wino coannihilation

LLP
7 f MET
N @ o |
e ~0 / ,
P .)?ik N - 6\\>/
W ' ISR »,>100Gev
Free parameters: Am, m,;5 ¢z (only for bino-wino®) DV: 22 tr (pT > 0.5 GeV)
Consider Am € [12-25] GeV Veto on selected e, Y,
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Soft Dlsplaced Vertex

Inclusive Vertex Finder tuned for LLP

« Large opening angle

* Vertex momentum not pointing to primary vertex

Veto on tracker material region:
—> nuclear interaction is a
source of background vertices

] CMS simulation Preliminary 100 fbo™ (13 TeV)
>~, I_Il I 1 IIIIH| 1 I IIIIII| 1 I IIIIII| 1 I IIIIII| _|
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LLP transverse displacement (cm)

Vertex y (cm)

CMS Preliminary
RRE s

N
|52l

100 ' (13 TeV)

205

2§25—20—15—10—5 05 10 15'20 25
Vertex x (cm)

Primary vertex

| EXO-24-033

Tl':n::ke.|
Non-standard track (pre)selection

Low pt:> 0.5 GeV
Displaced:|dyy |/0q,, > (2)4
Number of valid hits: > (6)13

Displacement:

Svy = |Lyy|/op, 2

Signal regions

Plans for 1,2,
= 3 good tracks / DV

400 700 MET [GeV]


https://cds.cern.ch/record/2937026?ln=fr
https://cds.cern.ch/record/2937026?ln=fr
https://cds.cern.ch/record/2937026?ln=fr
https://cds.cern.ch/record/2937026?ln=fr
https://cds.cern.ch/record/2937026?ln=fr

LLP with soft diplaced vertex & MET

Bi _ o EXO-24-033
Top squark coannihilation ino-wino coannihilation:
Good sensitivity in 0(1)-0(100) mm
SUS-18-004: covers a broad range Am -> Sensitivity up to 450 GeV
but limited sensitivity at Am
_ CMS - 129-137 fb™ (13 TeV) _
g % @i&ggﬁ’g&nﬁm s s CMS Preliminary 100.3 fo™" (13 TeV) CMS Preliminary 100 b (13 TeV)
zo'f go| = Expected 10,0y = Observed +1o,,, g - =0y _ oL e Observed o 0 =0 —— (Obs.
£ o} o} B{E—)bi}{J 100% 7 edian xpacted if—}ffx,-xz—}ffn . Med, exp.
: B(t — ¢} ) =0.0% ----  Expected* 10, Am=12 GeV - Exp.£1G
1 S — E — IIII|IIII|IIII|IIII —
= = — E B e
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g - c 5 107 i
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o
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o
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30 @
5
e
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LLP mass (GeV) LLP mass (GeV)
SVD lead to large improvement in the compressed spectra
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Motlvatlon GMSB models with graV|t|no belng the LSP

Previous publications

Low cT:

> SUS-21-002: 2 hadronically decaying taus t,.4:

» cover prompt decay using the default tau algorithm

High ct :
» EXO-18-002: highly ionizing track — sensitive to ct >>1m

Intermediate ct:

» EXO-18-003: displaced electrons/muons (no t;.4)

New strategy:

Search with 2 7,4 (largest BR)
Developped a dedicated tagger for displaced tau

Improved sensitivity

cross section [fb]

104

107\
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1072

left-handed
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mass degenerate
maximally mixed

100

200 300 400
slepton mass [GeV]
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Long-lived stau: NN displaced tagger

EXO-24-020

New tagger: DisTau

 Use AK4 jets with loose constraints to vertex

« ParticleNet-like architecture - Inputs: jet daugher features

CMS Preliminary 138 fb™ (13 TeV)

10°

n Event selection 10°
10°

Observation

Misid. jets 7777/, Bkg. uncertainty

== m=100 GeV, ct,=50 mm o m_=100 GeV, ct,=100 mm
== m.=200 GeV, ct,=50 mm e m_=200 GeV, ct,=100 mm

« MET trigger — MET > 120 GeV

o 10°
« Veto on electrons, muons & b-jets 2 10
« Exacty 2 jets with DisTau ID 1ESR

107"

" » " 10_2

= Signal Region (SR) bins L.
£ i
defined by pr;,, MET and my, variables 2
g 1E
@) 0F
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N displaced tagger

EXO-24-020

Strongly pushed the limits from about 5 up to 40 mm depending on mass and scenario

CMS Private Work
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Long-lived stau: run 3 perspectives
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EXO-23-016
= New trigger introduced in Run 3: CMS Simulation Preliminary __(13.6TeV)
= Dedicated to triggering on displaced taus at g pp—>ﬁ|(f—>rfo),mﬁ)=100GeV,|Ct=100mm | -
the H LT :8 0.4 E_ + displaced di-t, paths MET paths _E
= Improves the trigger efficiency for tau E — & promptai, paths MET OR prompt di-s, paths
dO <5cm and meISS < 300 GeV i' ¢ displaced di-t, OR MET OR prompt di-t, paths -
+ - -
-l — ]

i
]
I

é +—m+++++ _E

% L irj?—**V—'—v_r—D—'_’_i—._"_D_' _f

0E L] ! ! | :—vl—:—lvlg{ﬁYT'—V—'T'_E

A50: T | | I | T —

o - 1

T40 e =

£20F e E

s 108 . -

a 0 ' | Lol | Ly T —e—T®3
E 107 1 10

Truth T d, [cm]
10



» Light scalars o(GeV) appear in several BSM theories (SUSY, DM, cosmic inflation, ..)
=  Small mixing parameter with Hg,
- prompt/displaced decays H
=  For0.4<mg<2 GeV: S>n*m or k*k
are the dominant decay modes
BR(mr*rr~ or k* k) within 30 to 65%
BR(p*u-) within 3 to 24% for mg [0.4-2 GeV]
= Signal searched 9 (B000)
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m,, [GeV]

Long-lived light alr' fr'm Higgs ecay

: EXO-24-034
Event selection
«  Muon trigger - Muon: p>5, 26/29 (trigger) GeV Selection region — 4 categories
(based on L,, significance)
 Hadrons (mor k): p>5 GeV « Prompt
« Displaced p*u-

« Mass window on M(u*u-) & M(h*h-) depending on . D::&:ggd EJL

resolution at different mg - Both displaced

«  Constraint on M(u*u- h*h-) compatible with M(Hgy,)

2.5

1.5

CMS Simulation Preliminary (13 TeV)

EGMESImuIaEr‘m (13 TeV) CMS 138 fb" (13 TeV) gp 0T T T T ] ]

L B B B BN B B L S B R I BN R — 2304 TS .‘ ,-' < ‘ - 2 s e » . ..(B :

; 3 | easas e S I3
- 107 o, :f'»"‘f;'%.", . i, ’& ST 10 2 Ex mg=0.6 GeV, | -

__ é 2.5 1 ..".".»,; g-'o LU CT _ 0 1 mm : :

E G [ | | — 10
20 2 4 =10 1 =

— 1.5 1

[ 1
1 1 _
- -  mg=0.6 GeV, 10 10
— ct=0.1mm 0.5

. 10°

P EPEET BT BT EPETETE BT i . A A T 102 200 250 300
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3 Hp HH
L L2

My, [GeV] m,, [GeV]
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EXO-24-034

Limits combining the 4 categories
Kaons decay opens for m(S)>2m(K)
Good sensitivity for mg in 0.4-2 GeV

dominated by the prompt category for
ct<1 mm
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. Long-lived particles could leave unique signatures that may not captured by standard triggers
. Dedicated triggers targeting LLPs enable increased sensitivity to wide variety of signal models
. During Run 3, variety of such triggers were introduced and/or improved compared to Run 2

. The performance of these triggers in 2022-2024 data and their powerful complementarity is reported

. In 2024 Data Total rate [Hz] Pure rate [Hz]
_ , Standard 393 311
(typical run with PU of 63) Parking 234 182
Scouting 4200 3800
Full reconstruction: standard or parking 586 389

. LLP triggers

 Displaced objects: jets, tau, photon+H+, single and dimuon, muon+photon

« Timing: ECAL-based delayed jet, delayed photon, HCAL-based displ & delayed jet
«  Other: Muon Detector Shower, Jet or no-BPTX

. Scouting: dimuon

14



= EXO-23-016

. LLP trlggers capltallze on different CMS subdetectors hence can target dlfferent phase space

. The powerful complementarity of the program is shown using Twin Higgs model as a benchmark
J Complementarity of dedicated hadronic LLP

X
IJ i L] ]
i ,’ triggers, for H—>XX—4b signal
________ (\
by
P X, ] CMS Simulation Preliminary (13.6 TeV)
N § — 'K CSCs >: H—XX—4b
. . . . . 8 - ' m =1000 GeV, m_=200 GeV
The fiducial regions used for trigger acceptance calculation 5 09— . | m=1000 GeV m, =200 Ge
8 R I - $*tzf=§q+:i:i*++¥ Displaced-jet triggers
n 01 02 03 0.4 05 0.6 0.7 0.8 0.9 1.0 1.1 o 0.8 [ 5 » e | A - ! using the tracker (cv=0.1m)
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70 7 RB4 . : u g,PDs'_ 13 305° 1': [ | i + I _+_ using the HCAL (ct=1m)
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. Coniclusions ~.

J
o

CI\/IS has released new results on Iong Ilved partlcles

« Soft Displaced Vertex + MET that probes compressed spectrum of SUSY
» Long-lived staus with the used of a dedicated tau ID algorithm

« Search for H,,2SS, S being a long-lived low mass scalar with 2 displaced pairs
(muons and hadrons)

« No excess observed but limits have been pushed further

CMS continues to expands its BSM searches at lower coupling, lower
mass and for a broad range of lifetime

New triggers introduced during Run 3 will significantly improve our
discovery potential - stay tuned !
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LLP with soft diplaced vertex & MET

o 400 700

signal and control regions

pss (GeV)

Tight plane
(>3 good tracks)

Medium plane
(2 good tracks)

Loose plane
(1 good track)

Control plane
(0 good track)

f0—>l lowMET

EXO-24-033

fimin1 = lowMET * i—i+1
0—1
NB 1+D1
fig = bkg NAL+CL — NAO+CO ¢
0=1"" A7B0+DO bkg bkg 0-1
bkg
Search plane A B C D
Tight plane (N8°% > 3) 0 3 0 5
Prediction 04401 79407 05401  9.4+08
Signal 18401  3.8+02 04401  1.1+01
Medium plane (N¥% =2) 5 98 5 117
Prediction 41403 787+40 6.1+05 115.7+59
Signal 13401  294+02 09401  1.9+01
Loose plane (N8% = 1) 22 563 57 1224
Prediction 283+1.6 - 65.1+3.6 -
Signal 12401  3.0+02 09401  2.8+02
Control plane (NE%! = 0) 63 1318 353 6638
Prediction - - - -
Signal 0.440.1 14401 09401 28401
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LLP with soft displaced vertex & MET

EXO-24-033

BR 4 body decay: 10 — 50 — 100%

. . —1 .. —1
CMS Preliminary 100 fb™ (13 TeV) CMS Preliminary 100 ™" (13 TeV) CMS Preliminary 100 b~ (13 TeV)
B — bff%") = 10.0% — Obs. B{ - bffy’) =50.0% —— Obs. 20 <o —— Obs.
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. B&J_> Cx1) =90.0% ---- Exp. £ 10, ) . . BE_) cx,) =50.0% ---- Exp. £ 10, ) . B&'_) C%G) =0.0% - E)(p.-i 1 CF
> T T r [ rr 1t [ T |_|‘L|__ e > C e ; i —— I1 — eX| 3
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16 16 16
14 14 14
12 12 12 Ea 4
400 600 800 1000 1200 1400 400 600 800 1000 1200 1400 e

LLP mass (GeV) LLP mass (GeV) 400 600 800 100|?LP :‘12;)305 (C;ll :3(;
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with soft displaced vertex & MET

EXO-24-033

Am varies from
12 to 25 GeV

I ——— LLP mass (GeV) LLP mass (GeV)

CMS Preliminary 100 fb™' (13 TeV) CMS Preliminary 100 fb™" (13 TeV)
~ a0 0 0 — Obs. £ 20 0 =0 — Obs.
X, = X, > i, T Med. exp. %, > %, 1, ~ e, T Med. exp.
Am=12 GeV — Exp.t10,, Am=15GeV - Exp. + 10,
£ g E 10° §
E 100 E <
=107 E c wl10°E c
8 [=] 5 o
E E
5 5
10 o 10 s
- |
O (&)
5 2
[Te) n
[+)] [+)]
1 1 10
10%
0’ 107"
150 200 250 300 350 400 450 500 550 600 650 150 200 250 300 350 400 450 500 550 600 650
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X —)ﬁx1, Xy _)ﬁx1 ---- Med. exp. X 7 ﬂ"x1, Xz _)ﬁx1 ---+ Med. exp.
A m =20 GeV  Exp.t10,, Am=25GeV - Exp.£1g,
£ g E | g
& s & 5
£ I E
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- —
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8 10?5
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Long-lived light

calar from Higgs decay -

EXO-24-034

Selection Requirements Addmor}al
Information
— n, > 2, pit > 26 GeV, ) Pl > 29 GeV (2017),
pr > 5GeV, |n,| < 24 pt > 26 GeV (2018 diy trigger)
np > 2, pi > 5GeV, || < 2.4,
Fadrons h = % (h = K= for mg > 1.1 GeV)
Dimuon AR, < 04, valid vertex
Dihadron ARy, < 0.4, valid vertex, p > 20 GeV
Loose my, < 5GeV, my, <5GeV, SR and CR
invariant mass My € [110,140] GeV N M, 0,
Di-object o
invariant mass ki hh
prompt (Lﬁ;;f / aﬁff < 40, Ll;; / (7};; < 30), Non-prompt categories made

Categories displaced py, displaced hh, displaced by inverting L,, /0, alternatively

prom pt non-prompt category-wise cuts

I"1 <03,I/2<06, I'<051" <08 uy,p,=leading, subleading

Relative isolation 7l £ 3 {
I,;<061;<038 Li;<1L;<16 h;,h, = leading, subleading h

rel e
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EXO-23-016
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EXO-23-016

Triggered signature

Trigger description

HLT rate [Hz]

Disappearing track

Disp. tau

Disp. jet

HCAL-based disp.
and delayed jet

ECAL-based delayed jet
Delayed diphoton

Disp. photon + Hy

Disp. single and dimuon

Double disp. L3 muon

P > 105GeV + >1isolated track (pr > 50 GeV)

>2disp. Ty, (pr > 32GeV, dy > 0.005cm)*
>1disp. 7}, (pr > 24GeV) + >1 u (p > 24GeV)F
>1disp. 1, (pr > 34GeV) + >1e (pr > 34GeV)t

>2jet (pr > 40GeV, inclusive tagging req.) + Hy > 430 GeV
>2jet (pr > 40GeV, disp. tagging req.)
+ Hy > 240GeV + >1 L1 u (pr > 6GeV)

>2jet (pr > 40GeV, displ. tagging req.) + Hy > 170GeV*
>2jet (pr > 40GeV, inclusive. tagging req.) + Hy > 200GeV"
>1jet (pr > 60GeV, neutral hadron energy fraction >0.7) + Hy > 200GeV'*

>1inclusive and trackless jet'
>2 ECAL superclusters (time >1 ns)t
>1 (pr > 60GeV) + PF Hy > 350 GeV

>2 L2 u (pr > 10GeV, dy > 1cm)?
>2L3u (pr > 16,10GeV, d; > 0.01cm)*
>2L2 u (pr > 23GeV)

>1L2 u (pr > 50GeV, dy > 1cm)f
>1L3 u (pr > 30GeV, dy > 0.01cm)?

>2 L3 u (pr > 43GeV)

4

36

53 (163)

35

37 (77)

12

165

Triggered signature

Trigger description

HLT rate [Hz]

Disp. L3 muon+photon

Dimuon scouting

MDS in CSCs

MDS in CSCs + X

MDS in DTs

Jet No-BPTX

Muon No-BPTX

>1L3 u (pr > 43GeV) + v (pr > 43GeV)
>1L3 u (pr > 38GeV,dy > 1cm) + 7y (pr > 38GeV)

>2 scouting y (pr > 3GeV)

>1 CSC cluster (>200/500 hits in outer/inner rings)*
>2 CSC clusters (>75 hits)*

>1 CSC cluster (>100 hits) + >1e (pr > 5GeV)*
>1 CSC cluster (>100 hits) + >1 L3 pu (pr > 5GeV)t
>1 CSC cluster (>100 hits) + >1 1, (pr > 10GeV)'
>1 CSC cluster (>50 hits) + >1 7 (pr > 20GeV)*

L1 pT > 150 GeV + >1 DT cluster (>50 hits)*
>1 L1 CSC cluster + >1 DT cluster (>50 hits)"

>1 out-of-time jet (E > 60 GeV)

>1 out-of-time L2 y (py > 40GeV)

4200

14

14
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