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Introduction - Long Lived Particles oo 771 HEPHY
Several theories have been proposed to explain the e P e HSCP L8
incompleteness of the SM - Beyond Standard Model (BSM) theories ~ [=——2n charge - reid

. . M anything
e Examples: Supersymmetry (SUSY), Weakly Interacting Massive
I displaced .y disappearing
Partlcles [WlMPS] c;\?/:r(;?on ‘& 3 track

From searches at colliders and direct detection experiments :
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Everything is so far consistent with Standard Model predictions R ',
\ s X displaced
dilepton

displaced 3
photon »

However there could still be interesting signatures that could be

[ ' I ' Not pictured:
accessible, but we haven't yet probed extensively! e Th  mems
. . jet lepton

= Long lived particles! 3. Arioneli
This search:

Secondary dimuon vertex displaced from the

proton-proton collision point by up to several meters.
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Search for Displaced Dimuons in Run 3 f 7 HEPHY | OAW ==

Particles and Interactions

X Signature is a pair of muons originating from a secondary vertex macroscopically displaced from the proton-proton
collision point.
X Muon signatures allow utilization of the largest part of detector volume.
X Two types of muons based on reconstruction : STA (Standalone) and TMS (Tracker + Muon System)
X Gives three complementary and exclusive categories {STA-STA, TMS-TMS,|
X  First direct search for BSM with LHC Run 3 data™: significant improvements over previous (Run 2) results!2l

@
D
—
(o)
=

E\ -I TT1T I TTTT I TTIr 11 I T T 11 I TTTT I TIT 11 I T T 11 I TTTT I TT I-
S+ CMS simulation Preliminary i
Q —— — e A ————— ]
© - . ]
o L — i
> - [ ] .
o) ]
o 081 ]
b :
g 06 : u H-Z 7, ZD—>uu h
5 e ¢ TMS-TMS i
= [« f 4 STA-TMS .
o - S 4 STA-STA -
6 04 _A,o.&‘ ]
B (4 ]
L gof 8\ ;
0.2 ri —
F AT ]
= M.u. 1

OO 50 100 150 200 250 300 350 400

Ly [em]
3

08-03-2024 Mangesh Sonawane | La Thuile 2024


https://cds.cern.ch/record/2868338
http://dx.doi.org/10.1007/JHEP05(2023)228
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Signal models g L HEPHY
Largely model-independent search, covering a large range of kinematics. =
' K m, m,, B(Z -> )
Two models used as benchmark to interpret results .
Hidden Abelian Higgs Model & : H - Ll Ly—> Py " 125GeV | 10.20,30,40,50,60 | 10-15%
e DarkHiggs (H,) mixes with SM Higgs (h) 0o i ______ Zp x4 cT,; per mass

via K / Hp s :
Dark Higgs

®  econtrols dark photon (Z ] lifetime :

T ~ €2 k controls production [ms >m, /2]
7D viaBth-»27)
f
p 4
RPV SUSY Model X1 / 2 P
VY PREREEE < H
e Non-resonant long lived neutralino decay o v
X1 — v — v
~0 o ~0 o~ . ~ R I
o B — puv) = B(X) — eev) ! \ %2 E .
o q
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https://doi.org/10.1007/JHEP02(2015)157
https://doi.org/10.1016/j.physletb.2008.02.008
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v . INSTITUT FUR HOCHENERGIEPHYSIK
Particles and Interactions

Lessons from the Run 2 analysis :

X For very displaced muons, beamspot constraint @L1

. . ) ) Fitted
underestimated pT - trigger inefficiency. track
X High pT thresholds at the HLT
New Triggers developed at L1 and HLT % 0 o8 e (2016)
3 es2s
X L1:new track finding algorithms for displaced muons 3 . . |Run2 @018)
X HLT: by
=
X Lower pT thresholds : 23 GeV - 10 GeV &

16, 10 Run 3 (2022, L3)
X Muon d; thresholds : suppress prompt muons ’

X Utilize tracker information : higher precision

Run 3 (2022, L2)
10,10 4+

Auxis not to scale
| I |

1 >

0.01 1 Tracker end d, [em]
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Particles and Interactions

X Efficiency in signal increased by a factor 2x to 4x!

(13.6 TeV)
- 1 —r——rrrr———rrr——rrrry - — S
e 09E CMS simulation —=
L 08F Hozz, Run2(2018) 3
£ 07 m(H) = 125 GeV — Run3(2022) =
L 06E mZ)=20Gev —— Run3(2022,13) 3
> ( =
o E
= =

Nleo ST T T T T3
NS 4F =
olo 5 =
Al | = =
~—|— 3F —
[ap X [4V] = 3
5|5 = 3
T [T | R R RS =

0= NPT BT PR | L 1 1 1 3

1072 107" 1 10 102 10° 10*

08-03-2024 Mangesh Sonawane | La Thuile 2024 CMS-EX0-23-014 6



https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-014/index.html
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Trigger Performance sontors 2 HEPHY é
X Efficiency in signal increased by a factor 2x to 4x!
X Performancein data:
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Trigger Performance Svemore 7 HEPHY
X Efficiency in signal increased by a factor 2x to 4x! c 19',"!%?%’6’?{?’7?7{?’}’, e 388 107 (1368 TeV)
. - | + —
X Performancein data-: S appitEte e
X Cosmi 3/ S ol :
osmic muons, J/yW->uu : 8- .
g L4 WF . 5. 0L TMS-TMS + EaC(62f) |
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Offline analysis : Key Observables o 271 HEPHY OAW =5
e Powerful handles to distinguish signal from background
e Muon Track/Dimuon Vertex quality (fit x°) PV: Primary vertex i
e STAto TMS association. it VDINETLES :
m_>10 GeV
e Displacement:L /o(L J),d /o(d] s
. . Xy Xy 0 0 AD
e Kinematics:
o p.TM .a, . pi", Collinearity IAD cV ot
e Invariant mass: m,.> 10 GeV ;
e Isolation N
e Muon direction on. L d H,
e Timing dym) ]
e Charge (0S/SS) '

e Signal region designed to be free from SM backgrounds

o Misidentification or mis-reconstruction of muons can cause background events to enter the signal

region.
08-03-2024 Mangesh Sonawane | La Thuile 2024



f dk11 A0 . 4 OAW Cuimmmenc

B a C kg ro U n d S E::ttiz::;s::;lTr?terar,tions ﬁuﬁ&;ﬁy«ﬂcﬁmw T MISSENSCRATTEN
X Backgrounds may be symmetric or in Collinearity A®.

X This depends on whether the p. and L,,, vectors point in the same direction (correlated) or not.

Symmetric
e  Symmetrically distributed around /2 e  Signal like peak at zero
e  Occurs when p,and Lxy vectors are uncorrelated e  Occurs for non-prompt QCD resonances
o Mismeasured (prompt) Drell-Yan (DY), dibosons, o Mismeasured low-mass non-prompt resonances
o Cosmic ray muons (eg. J/y)
o Unrelated jets, W+jets o  Cascade decays resulting in 2+ muons
(e.g. from B mesons)
: E
(@] o
/2
|A®| |AD|

7
; 10
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Backgrounds estimated using the ABCD method, measured in CRs adjacent to SR:
A
N, = (N, * NJ/N 36.6 fb' (13.6 TeV)
> L L L AL U L BRI Rt
'§ - CMS ¢ Data (DY control region) ]
~ ~0 ~0
X For A® symmetric backgrounds (e.g. DY) : e 1F TMS-TMS 9= 9K, X, = M =
_ o - H— 2,25, Z) — pp 3
e Signal expected to have small A® © Fl : .
T i ' _
£ 10 I E
IADI<z/C IADI>7-7/C § I; 1 1 . d
[ J
A -DY -1’.'00..V-.:................................ eetel
- B 102 I 3
background For the dark photon model : E I 3
in SR C 14 I ]
>  TMS-TMS:C-=30 L1 a : i
> STA-STA:C=10 10k 4 ~
C D I B P P PR PR B I
For the model : 0 0.5 1 1.5 2 2.5 3
Inverted STA-TMS association > C-4 AD|
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-014/index.html
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Backgrounds fdkH = HEPHY - OAW i,

Backgrounds estimated using the ABCD method, measured in CRs adjacent to SR:
NA = (N, * NJ/N;

X ForA® backgrounds (e.g. QCDJ :
e Signal expected to have Opposite Sign
and isolated muons

0S SS
Isolation | A =QCD B
background
in SR
Fail C D
Isolation
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Results - Dark Photon model Svemore 7 HEPHY “
. . . 36.6 fb' (13.6 TeV)
X Background contamination generally very small in both S oFdms e T
TMS-TMS and STA-STA categories £ ,of STA-STA et Gy a0y ]
. P| < /10 rell-Yan 7]
e Most background events in STA-STA have low mass. @ p T oo ]
30? /// Stat. uncertainty _:
72N R 1
20l -
X Observed number of events consistent with predictions. ' I ]
10— —
e No excesses observed. 49 ]
N7 /// g
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Particles and Interactions

. . 36.6 fb" (13.6 TeV)

X  Features non-resonant dimuon production S sofoms emm ]

. . A 5 C — §(125GeV) - Nf (50 GeV, ct=200cm)x 3

e Corrected mass to account for neutrino: minimum mass 2 oF SIA.I:I’A|-S./I:1A _____ (550 o) 150 v, o250 oy 4.

. . . . o < T rell-Yan -
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X Observed number of events consistent with predictions. 5 ]
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Results - Limits oonates T LEREY
- 1
Results used to set upper limits on model parameters : % Fcms :
10 F H—Z,7, |
L = 3
X For the Dark Photon model : T B me)-daoce ]
10 _E B(ZD — up) =0.134 3_
e LimitssetonB(H > 7,/ E T ]
i 510°F E
e Run 3 (2022 only) limits comparable or better than g f ]
. . . 10—4 E -
full Run 2 with only 40% of the luminosity! Chl: =
gg 1078 _E Combined: . Observed: ) E_
(366 fb'vs 976 fb™) B Totees osaamle  —io0Teveon) -
10_ mmwwmmﬂlmwm
e Combined Run 2 + Run 3 limits stronger by factor 2 107 10% 10T 110 107 107 107 g% 1S
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Best constraints to date in B(H-XX] in broad range of cz(X) for m(X) > 10 GeV

CMS Preliminary
T lTIHHl TT IHIII[ T TllHIIl T TTTT] T T TTTI] TT L

95% CL upper limit on B(h—XX)

Comparison to other LLP searches : H>XX
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CMS summary plots

Displaced leptons
X—ee/up, mX=50 GeV
2110.04809

— Dimuon scouting
B(X—pp)=0.13, m =40 GeV
2112.13769

— Displaced dimuon
B(X—>pup)=0.13, mX=40 GeV
EX0-23-014

—Z + displaced jets

X—bb, mx=55 GeV
2110.13218

— Displaced jets
X—dd, m =55 GeV
2012.01581

—MS Clusters
X—>11, m,=55 GeV

7 EXO-21-008
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Higgs_decays_to_long_lived_parti
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Particles and Interactions

Innovation in trigger strategy allowed CMS to explore new BSM territory already with data from the first year of
LHC Run 3 : First search for new physics at 13.6 TeV, with 36.7 fb™ of data collected in 2022.

X Improves upon previous Run 2 search by a factor 2x to 4x - sensitivity gain driven by new triggers
X At L1 Trigger : new algorithms implemented for displaced dimuons
X AtHLT : new dimuon paths with lower pT, and displacement thresholds to reject prompt muons
X No excesses observed.
X Results combined with Run 2 data for Dark Photon model
X Best constraints to date to B(H- Z 7 ) in broad range of cz(Z_) for m(Z) >10 GeV
X  Comparable or better than Run 2 with despite only modest integrated luminosity.
X Significant improvements in constraints to (3q) in RPV SUSY

Submitted to JHEP, available on arXiv : 2402.14491
HEPData : https:/www.hepdata.net/record/ins2760892
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