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Gaps, overlaps, and complementarity

This talk will focus on my view on the topic, focusing on recent results at the LHC

| find the (expanding) LLP search program impressive and full of creativity and brilliant ideas!
o Boost in the past years in the number of H - XX and HNL searches
o Recently, plenty of new results in direct searches for LLPs

At the same time, | tried to address

Where can we do better? Is there room for improvement?



Heavy Neutral Leptons (HNLs)

220411988 (ATLAS)
2201.05578 (CMS)
Eur. Phys. J. C 81 (2021) 248 (LHCb)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-29/
https://arxiv.org/abs/2201.05578
https://arxiv.org/abs/2011.05263

Heavy Neutral Leptons

Existing LLP searches for HNL (V) target W - |V production:

o 220411988 (ATLAS)
2201.05578 (CMS)
e Eur Phys. J. C81(2021) 248 (LHCb) &

- m/ £y | N decayingin tracker

u-ie, u-ue, u-ee, e-ee (ATLAS+CMS)
e-uu, e-ue (ATLAS-only]
$-uqq (LHCb)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-29/
https://arxiv.org/abs/2201.05578
https://arxiv.org/abs/2011.05263

Heavy Neutral Leptons

Existing LLP searches for HNL (V) target W - |V production:

220411988 (ATLAS)
2201.05578 (CMS)
Eur. Phys. J. C 81 (2021) 248 (LHCb) &

— M\/ £y N decayingin tracker

u-ie, u-ue, u-ee, e-ee (ATLAS+CMS)

) % e-(L, e-(e (ATLAS-only)
w-uqq (LHCb)
lg Vy
¥ <
Expand to other production mechanism, N . :
e.ng+, 3 decaye IE)I (even BSM, e.g 7) Expand to other NV decay modes (e.g IW*(qq), vZ*(qq), 7, ;'s..)

No prompt leptons to trigger


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-29/
https://arxiv.org/abs/2201.05578
https://arxiv.org/abs/2011.05263

Heavy Neutral Leptons

Hand-drawn comparison between ATLAS, CMS, LHCb, and DELPHI results
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Heavy Neutral Leptons
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Possible extensions:

Normal hierarchy 0.0
mm Allowed by NUFIT (10) 1.0

Inverted hierarchy
B Allowed by NuFIT (10)
mm Allowed by NuFIT (20)
Allowed by NuFIT (30)
+ Benchmark points 8-14

i Allowed by NuFIT (20)

Allowed by NuFIT (30)
Benchmark points 1-7
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Scan the different combinations of mixing
angles, and connect with realistic scenarios


https://arxiv.org/abs/2107.12980
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https://arxiv.org/abs/1903.06100

Heavy Neutral Leptons
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Possible extensions:

HNLs searches could have sensitivity to other low
mass LLP scenarios (e.g VH; H = XX production).

e  Sofarnointerpretation beyond HNL



10

H - XX: Hadronic final states

o Tracker
o Muon system
o HCAL

JHEP 11 (2021) 229 (ATLAS)
JHEP 03 (2022) 160 (CMS)
Phys. Rev. D 104, 012015 (2021) (CMS)

Eur. Phys. J. C77 (2017) 812 (LHCb)

2203.00587 (ATLAS)
Phys. Rev. Lett. 127.261804 (CMS)

2203.01009 (ATLAS)
ATLAS-CONF-2022-001 (ATLAS)



https://arxiv.org/abs/2107.06092
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-003/
https://arxiv.org/abs/2012.01581
https://arxiv.org/abs/2203.00587
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-015/index.html
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-23/
https://arxiv.org/abs/1705.07332
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-001/

H — XX (hadronic):

At the shortest lifetimes (decays in tracker), associated production (VH] is a powerful handle to probe low mass, X - qq
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ATLAS better at low masses (mS ~15/16 GeV)


https://arxiv.org/abs/2107.06092
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-003/

H — XX (hadronic):

At the shortest lifetimes (decays in tracker), associated production (VH] is a powerful handle to probe low mass, X - qq

95% CL upper limit on B(H — aa — bbbb)
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https://arxiv.org/abs/2107.06092
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-003/

H — XX (hadronic):

Phys. Rev. D 104, 012015 (2021) (CMS) JHEP 03 (2022 160 (CMS)
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At high masses (m_~55 GeV], CMS search in ggf is more powerful (no equivalent ggF" interpretation from ATLAS)
)

ZH could expand to lower masses (m, <15 GeV), and new final states (e.g 7
So far no associated searches beyond Z-ll (e.g W, VBF, tt...]

hadChad
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https://arxiv.org/abs/2012.01581
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-003/

H - XX (hadronic): Tracker
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®  Room for improvement at low masses in LHCb (e.g. at m = 25 GeV, B(H->XX) > 1)
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https://arxiv.org/abs/2012.01581
https://arxiv.org/abs/1705.07332

H — XX (hadronic):
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Hidden Sector, m,= 125 GeV
Selected ATLAS results
95% CL observed limits

Searches:

—..— Muon System (2 Vtx Only), 139 fb™!
arXiv:2203.00587

—..— Muon System (1 Vix + 2 Vix), 36 fb™!
Phys. Rev. D 99 (2019) 052005

—.— Calorimeter, 139 fb™!
arXiv:2203.01009

—— Tracker+Muon System, 36 fb™'

Phys. Rev. D 101 (2020) 052013

Tracker (LRT), 139 fb™'

JHEP 11 (2021) 229

. Tracker (b-tag), 36 fb™

JHEP 10 (2018) 031

Monojet, 139 fb™!

ATL-PHYS-PUB-2021-020

- & - H—- inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052

LLP masses:
Bsscev W1520Gev [l2535Gev

40Gev [JJeseocev JJrny

At higher lifetimes, ggF searches in the HCAL/Muon systems (MS) expand the cz coverage (including low mass)

15


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

H = XX (hadronic): SummaryPlotsEXQ13TeV  ATL-PHYS-PUB-2022-007

. Room for improvement in low mass LLP searches with tracker lifetimes using dedicated triggers/ML
/

95% CL upper limit on B(h—ss)

! Final states with 7, .7, . and compressed/boosted less explored (challenging)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
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H — XX (hadronic):

Different strategies between ATLAS and CMS for searches in the MS

ATLAS search for displaced
vertices in the muon system

2203.00587

Dedicated trigger in MS for this signature
Two vertices isolated from hadronic and

inner detector activity

CMS search for hadronic

showers in muon system

Phys. Rev. Lett. 127.261804

E, ™trigger (calorimeter)
Larger hit multiplicity in
Cathode Strip Chamber (CSC)


https://arxiv.org/abs/2203.00587
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-05/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-015/index.html

H — XX (hadronic):

Different strategies between ATLAS and CMS for searches in the MS

CMS search for hadronic
showers in muon system
Phys. Rev. Lett. 127261804

ATLAS search for displaced

vertices in the muon system
220300587
Dedicated trigger in MS for this signature E. ™trigger (calorimeter) ----------.
Two vertices isolated from hadronic and Larger hit multiplicity in
Cathode Strip Chamber (CSC)

inner detector activity

Expand to dedicated

Expand to E, ™ 4 N/// . trigger in MS

trigger
figure credit
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https://arxiv.org/abs/2203.00587
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-05/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-015/index.html

H — XX (hadronic):

Different strategies between ATLAS and CMS for searches in the MS (with comparable sensitivity)
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https://arxiv.org/abs/hep-ph/0605193

H — XX (hadronic):
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No BSM Higgs interpretation

Acceptance could increase with decays
in barrel or HCAL


https://arxiv.org/abs/hep-ph/0605193
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H — XX (hadronic):

95 % CL Upper Limit on (6 / 6gy) X Bgyy25), ss

B(S~ FF] according to ref
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Complementarity with H-invisible (at high cz)
Signal regions with prompt objects (e.g target very long-lived HNLs)
Searches could be sensitive to other LLPs scenarios: dark shower/emerging jets, Split/RPV SUSY ..
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https://arxiv.org/abs/hep-ph/0605193

H — XX (hadronic):

ATLAS also search for LLPs decays in HCAL with dedicated CalRatio trigger

13 TeV, 139 fo! Hidden Sector, m, = 60 GeV

= ATLAS Preliminary (March 2022)
-l A S S Selected ATLAS results
» F - / 3 95% CL observed limits
T - \ ! -| searches:
=] | 1 _| ==w=— Muon System (2 Vtx Only), 13¢
& \ / / arXiv:2203.00587
X 1 I —.— Calorimeter, 139 fb"'
I 1 T \// -------------- / ------------------------ = arXiv:2203.01009
C ) ” / ]
| o — i
- \\/ .
L AN _
\ \ LLP masses:
10,1 PETEETIT EETETR T AT TTIT RETAR T BT | \n_ PEEETTT REPETRTTTT EEER T
-5 —4 -3 —2 —1 3
10 10 10 10 10 1 \10\ 10? 10 5GeV .1GGeV
AR ct[m]
M
\

Difficult to compete with searches in MS

Important channel in case of excess (no CMS equivalent]
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2203.01009 (ATLAS)
ATLAS-CONF-2022-001 (ATLAS)
10 g
1g ]
10~ 3 - E
102 §
10°E ATLAS Preliminary E
- Vs=13TeV, 139 fb™ (m,,m,)=(125,0017) GeV 3
1074 HAHM Model PRI (M, m,)=(125,0.) GeV ]
E ggF selection, 2¢ 4 EE=E (m,, myd)=(125, 0.4) GeV 3
- 95%CLlimits  ~ — = (m,m)=(125,2) GeV ]
10_5:11|1 L ||1K|| ool ool 1 [N ENE=
1 P 10 10° 10° 10*
e Dark photon proper decay length [mm]
7’

Powerful strategy to search for collimated
electrons/light hadrons (at extremely low masses)


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-001/
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H - XX, Non-Hadronic final states:

o Displaced dilepton vertex
o Lowmass(m <10 GeV]
o Delayed, non-pointing photons in ECAL

Phys. Rev. D 99, 012001 (2019] (ATLAS)

2205.08582 (CMS) ATLAS-CONF-2022-001 (ATLAS)
JHEP 04 (2022) 062 (CMS) JHEP 10 (2020 156 (LHCb)

EX0T-2022-017 (ATLAS)

Phys. Rev. D 100 (2019) 112003 (CMS)



https://arxiv.org/abs/1808.03057
https://arxiv.org/abs/2205.08582
http://dx.doi.org/10.1007/JHEP04(2022)062
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-013.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-001/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-017/
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H - XX (hon-hadronic):

Generic signature well motivated in many BSM scenarios (e.g H - XX, X - 1.

CMS Prelimi 97.6fb™ (13 TeV .
=10° ke = . t in Muon System (32.9 fb™)
P m,, = 125 GeV — Combined observed o
210, _s0Gev  — OMS (arXiv2112.18769) (101 fb) Search sensitive to cz > 0.1 cm
T 10 B-Biiz oy - 0.143 — ATLAS (PRD99,012001) 32916 ] _ - o .
N, ° - Limited to small AR (due to trigger)
o 10 0
Eq 02 Phys. Rev. D 99, 012001 (2019) (ATLAS)
£ 10
c 1
S * ~ — _ pu Tracker+Muon System (97 fb™)
£10° .
3102 Wide range of cz from um to km
21070 Limited by trigger efficiency
o1 -4
510 | 220508582 (CMS)
107
10° 102 107, 1 10 102 10° 10* 10° 1?6
/ ct[cm

No analogous result (common vertex] for
X lll=eorz, Jat13TeV

In all cases, room for improvement with
Limited to dimuon vertices within pixel tracker improved lepton triggers

wu in Tracker (101 fb™, CMS Scouting data) JHEP 04 (2022) 062 (CMS)

Strong constraints for ct ~ tracker


http://dx.doi.org/10.1007/JHEP04(2022)062
https://arxiv.org/abs/2205.08582
https://arxiv.org/abs/1808.03057

H - XX (non-hadronic): Low mass (m < 10 GeV)

Collimated fermions (u, e or g in MS or HCAL) Displaced dimuons with Scouting JHEP 04 (2022) 062 (CMS)

1010 (13 TeV)

9 T T T T T T 17T I T T T T LI L | 1
W -4 w —_
10 E g CMS g9 - H — ZpZp — 2u2X 041\?
= g B(Zp - pp) from JHEP 02 (2015) 157 NG
B © 450 = T
5| g 10 '
10 E S : > A
[ ATLASPreliminary X
L VvS=13TeV, 139 b1 E 10 10
6| 90% CL limits =
10 °E" HAHM Model 2
F my=125GeV S 5
a2y, 10 10
107 = mm BR= 10.0% :
F  m=m BR= 5.0% -8 ”
F  m=m BR= 1.0% 10 ) : 10
- [l BR= 0.5%
10—8:_ B BR= 0.1%
E 1 I IR | 1 Lol 10_9 —— T T T S e e T T T 10°°
0.10 1.00 0.7 1 2 3 4 5 6 7 8910 20 30 40 50
ATLAS-CONF-2022-001 (ATLAS) Dark Photon Mass [GeV] mg, [GeV]

Prompt/displaced dimuons in LHCb JHEP 10 (2020) 156 (LHCb)

1

Small overlap in mass coverage.

e m<210MeV only probed by ATLAS

o Promising prospects for A" ee at LHCb
o  ATLAS targets the smallest ¢ (HAHM model)

o  Different prod. mode for LHCb

107!

logig[e(X)/mm)]

1072

E 0.3 0.5 I W
25 m(X)[GeV ]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-001/
http://dx.doi.org/10.1007/JHEP04(2022)062
https://arxiv.org/pdf/2203.07048.pdf
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-013.html

H - XX (hon-hadronic):

An interesting (and challenging) scenario is the production of displaced vertices in heavy flavor decays

Probed in CMS and LHCb with dimuons, no ATLAS equivalent.

101 fo'' (13 TeV)

CMS Supplementary
= I
=1 i pp — hb N ¢ X — 2M X Observed limit (95% CL)
T o h, — 0 X
% . c,=100mm B = o KorB* — ¢ K*
< 10 T A LHCb: PRL 115 (2015) 161802 (B°—s 6 K©)
= i LHCb: PRD 95 (2017) 071101 (B*— o K
T 1077 a2a
a g o
5 100 T R e 1 o
¥
10-° A . 4
10710 -—\\“ﬂ;
107" ; ; ; | e ; ! .
02 0.3 04 05 0.6 0.7 0809 1 2 3 4[G Vid
m_ [Ge
)
JHEP 04 (2022) 062

Additional interpretations would facilitate the comparison between experiments

e.g. H > XX for LHCb, A" - ff for ATLAS/CMS (no Higgs mediator), heavy flavor decays for ATLAS...

5¢ Low mass searches could be made sensitive to HNLs (sensitivity is unknown)


http://dx.doi.org/10.1007/JHEP04(2022)062
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H - XX (hon-hadronic):

Different strategies between ATLAS and CMS in searches for LLPs in ECAL

ATLAS targets GMSB SUSY via H - NLSP NLSP
EXQT-2022-017

CMS targets GMSB SUSY via SPS8
Phys. Rev. D 100 (2019) 112003

q
! LSPET’“‘SS>50—806eV b a ..J"
» LSP ,"/ Xt G
- - _
b el X G
a -7 E;m= >150- 200 GeV
q

Prompt leptons
(for trigger)

Trigger: single lepton trigger (e, u) Trigger: non-pointing photon (with H. > 350 GeV)


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-005/
https://arxiv.org/abs/hep-ph/0202233
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-017/
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H - XX (hon-hadronic):

Different strategies between ATLAS and CMS in searches for LLPs in ECAL

102

ATLAS Preliminary
(s =13 TeV, 139 b’
High-Am selection —e-m g, = 30 GeV
Mysp =50 GeV  —o-m ., =20Gev

~o-mgp = 0.5 GeV

10;’

95% CL Limit on BR(H—> NLSP NLSP) [%)]
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..and comparison is not easy due to different production mechanism
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H - XX Hadronic vs Non-hadronic SummaryPlotsEX013TeV

IF B(X = qq) ~ B(X - I1], non-hadronic searches set stronger constraints than hadronic searches (depending on B(X)).

CMS Preliminary March 2022
Sl T RSB W VR LY T QRO S P

Displaced leptons
X—ee/uy, mx=50 GeV
2110.04809

| II\II]T

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

Hadronic .---

"= —Displaced dimuon
3 B(X-up)=0.13, m =40 GeV
7 EXO-21-006

Non-hadronic =~ & 4p38b. N/ s/ | —Z + displaced jets

X—bb, m, =55 GeV
2110.13218

.-z —-a

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

_____ —Hadronic MS
= X->11, m, =55 GeV

107" 1 10 102 103 10 105 106 107 2107.04858
CTy [mm]

But B(X - qqg) >> BX - |I] often in BSM models > complementarity and coverage is the key


https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

SUSY and charged LLPs

Indirect detection:

o  Semileptonic decays

o  Displaced leptons (without common vertex)
Direct detection

o dE/dX

o Complementarity

2205.06013 (ATLAS)
Phys. Rev. D 102, 032006 (2020) (ATLAS) ATLAS-CONF-2022-034 (ATLAS)
Phys. Rev. D 104, 012015 (2021) (CMS) Phys. Lett. B 806 (2020) 135502 (CMS)
Eur. Phys. J. C 82 (2022) 153 (CMS) 220102472 (ATLAS)
2110.07293 (LHChb) JHEP 07 (2021) 173 (ATLAS)
Phys. Rev. Lett 127 051802 (2021) (ATLAS) CMS-PAS-EX0-16-036 (CMS)
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https://arxiv.org/pdf/2003.11956.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-003/
https://arxiv.org/abs/2205.06013
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-034
https://arxiv.org/abs/2004.05153
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-036/index.html
https://arxiv.org/abs/2104.03050
https://arxiv.org/abs/2201.02472
https://arxiv.org/abs/2011.07812
https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2021-028.html

SUSY: Semileptonic decays, X - lqq

Well motivated signature, e.g.in RPV-SUSY £ — Ig

o  ATLAS search for RPV stop in semileptonic decays (Phys. Rev. D 102, 032006 (2020))
o CMS search for RPV stop in displaced jets (Phys. Rev. D 104, 012015 (2021)), and leptons (Eur. Phys. J. C 82 (2022 153)

. CMS 132 b (13 TeV) "
Stop R-Hadron, pp —»> tt, t > nq = pp S TLidl A, RPV §
S o ) , . =
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1+ o o 3 == Observed 1 Gy,o0ry o
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https://arxiv.org/pdf/2003.11956.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-003/

SUSY: Semileptonic decays, X - lqq

Well motivated signature, e.g.in RPV-SUSY £ — Ig

o  ATLAS search for RPV stop in semileptonic decays (Phys. Rev. D 102, 032006 (2020))
o CMS search for RPV stop in displaced jets (Phys. Rev. D 104, 012015 (2021)), and leptons (Eur. Phys. J. C 82 (2022 153)

. CMS 132 fb™ (13 TeV)
_ Stop R-Hadron, pp —»> tt, t > nq = pp > 1t 1>d A RPV 10 §
< 2.8F ATLAS o} (05) 2200 95% CL NNLO, 0 +NNLL exclusion 'g
= - g = |- 9
— 2.6 Vs=13TeV, 136 fb™, All limits at 95% CL £ € 2000| =_= 5’;”"‘9: 111 Cexperiment 3
1 C 3 — served + 1 ¢, eor
E 24F ===+ Expected Excl. Limit (+1,2 o, ) g - 2
Co - susy Y
2.2~ = Observed Limit (+10y,,) 2 S
- S 0% ot 3 o® S g
2: o® R o® ot 'é
L1 P —— VT .
1_6;— ::’ S,;::; """"""""""""" P . ) @”"’---‘-l:.,._ :; z % 107"
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) 0 T(t) [ns] 1 0 Iog10 (cty/mm)
23x 7 xax
Blstop - uq) = 100% Blstop - Ig) with I=e, u, 7 (flavor democratic)

Unfortunately, out of the box direct comparison is not possible (CMS approach is more inclusive)


https://arxiv.org/pdf/2003.11956.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-003/
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RPV SUSY: Interpretations

In general, different benchmark RPV SUSY interpretations in related LLP searches (e.g semileptonic decays)

Phys. Rev. D 102, 032006 (2020) (ATLAS) Phys. Rev. D 104, 012015 (2021) and Eur. Phys. J. C 82 (20221153 (CMS)
d b
! t .4_ 4 4
t H p t - 7 p
#5) =77 Muss -7\
>}: )‘23k __ / )\131
2~ © p PR ¢ T~ N ¢
0 N Nl T
q E d
and 2110.07293 (LHCb)
10
_ ?I:f;’ Need for a more systematic approach to
X1 q X % . =30 GeV/c? the RPV SUSY coverage to facilitate
g comparisons between experiments (e.g by
———————— { 2 ol defining benchmark scenarios)
hO 2
N S o Eg RPVmeetsRPC",
X1 4 R >uqq 0TS T T ATLAS-CONF-2018-003
LLP lifetime [ps]


https://indico.cern.ch/event/714087/contributions/3007780/attachments/1652429/2643515/2018.05.18.kdp.RPCmeetsRPV.pdf
https://cds.cern.ch/record/2308391
https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2021-028.html
https://arxiv.org/pdf/2003.11956.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-003/
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SUSY:

Inclusive signature sensitive to a broad class of BSM scenarios, e.g. GMSBSUSY | — [ + G

Eur. Phys. J. C 82 (2022) 153 (CMS)
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Phys. Rev. Lett. 127, 051802 (2021) (ATLAS)
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CMS is stronger at shorter lifetimes (0.1 < dO < 100 mm)

m(l) [GeV]


https://arxiv.org/abs/2011.07812
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-003/

SUSY:

Inclusive signature sensitive to a broad class of BSM scenarios, e.g. GMSBSUSY [ — [ + &
Eur. Phys. J. C 82 (2022) 153 (CMS)

Phys. Rev. Lett. 127, 051802 (2021) (ATLAS)
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ATLAS at higher lifetimes (3 < d@ < 300 mm), esp. with electrons.

Possibility to extend to leptons produced beyond tracker (or non-isolated displaced leptons)


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-003/
https://arxiv.org/abs/2011.07812

SUSY:

Inclusive signature sensitive to a broad class of BSM scenarios, e.g. GMSBSUSY | — [ + G

Eur. Phys. J. C 82 (2022) 153 (CMS) Phys. Rev. Lett. 127 051802 (2021) (ATLAS)
5 113118fb (13TeV 1616 Icfen
510"""""""""""" ; 3 @ @ 10pr e
S, CMS - =+ Median expected {10°S = e Exoected limits
- 10%E ., - — Observed 1 & 2 g ATLAS pectecimis |
8 ¢ - ¢G (co-NLSP) serve _= 102 g Vs=13 TeV, 139 i’ —— Observed limits
10 - 95% CL upper limits -~ co-NLSP 2 ool Alllimits at 95% CL NP, |
iy U} NLSP 7] 10 Dé
9 — & NLSP E
10 E — #NLSP ] 10— D“L,R N
T ?E 1 ] DEM
10 7 10’ -~ —
1 " E 107!
Z 410
107" ;
.... 4107
1072¢ ) E
: 5107
10_3 11 I 1111 I || | 1111 I L 111 I L1l | 1111 | | .| I 1111
100 200 300 400 500 600 700 800 900
my [G eV]

Lepton (e, 1) p; requirements (> 30 - 60 GeV) too tight to probe low mass LLPs

Possibility to lower the p. thresholds to with improved triggers

56 So far no final states with displaced 7, _, important to probe staus)


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-003/
https://arxiv.org/abs/2011.07812

Direct detection:

m —19:05 New LLP search results at the LHC: That dE/dx excess ;)

Conveners: Karri Folan Di Petrillo , Margaret Susan Lutz (T

Hot-topic, triggered by search for anomalously high dE/dX in pixel tracker 2205.06013 (ATLAS)
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Excess of events at high <dE/dX>.
3.6 (3.3) local (globall.
o [-[0.62,0.52] from <dE/dX>
S~ from time-of-flight measurement from
calorimeter and muon system

Excess not compatible with considered LLP signals


https://arxiv.org/abs/2205.06013

Direct detection:

Potential complementary signatures related to the excess (all with anomalous dE/dX)
If 0>ze, could show up in multi-charged particle search
If 7510 ns, could show up as disappearing/kinked track search
If B <1 and stable, could show up in stopped particle or tracker+time-of-flight searches
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-034

Direct detection: Complementarity

Potential complementary signatures related to the excess (all with anomalous dE/dX)

o IfQ>ze, could show up in multi-charged particle search
o IfFz<10 ns, could show up as disappearing/kinked track search
o IfB<1andstable, could show up in stopped particle or tracker+time-of-flight searches
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2205.06013 (ATLAS) Phys. Lett. B 806 (2020) 135502 (CMS) *



https://arxiv.org/abs/2205.06013
https://arxiv.org/abs/2004.05153

Direct detection: Complementarity

Potential complementary signatures related to the excess (all with anomalous dE/dX)

o IfQ>ze, could show up in multi-charged particle search
o IfFz<10 ns, could show up as disappearing/kinked track search
o IfB<1andstable, could show up in stopped particle or tracker+time-of-flight searches
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Direct detection: Complementarity

Potential complementary signatures related to the excess (all with anomalous dE/dX)
If 0>ze, could show up in multi-charged particle search

If 7 <10 ns, could show up as disappearing/kinked track search
If B < 1and stable, could show up in stopped particle or tracker+time-of-flight searches

2400

[GeV]

= 2200

m(g

2000

1800

1600

1400

1200

1000

800

600

§—a@f;, Gluino R-Hadron

- ATLAS
[ {s=13 TeV, 579 hours, All limits at 95% CL

m(i?) =100GeV """ 1heory)

pty, BX
L3

_ . Flirstemy

I I ' '
SN 4 ‘u-“’ o P P (P @ B»’: o oS

' I '
PN A TN AT YU AN VT T S A

22222 Obs. Limit (216595

=== Exp.limit (+ 16,

=
£

®

1LHC

| revolution
_ -1 hour
oo tday

oo dyer

$ P P g P
[ N T RGO R
;

1 uo sywi J19ddn paalasqQ asasday siaquny Asin

Bis

P
4 6 8 10 12 14 16

Iog10 (t/[ns]

JHEP 07 (2021) 173 (ATLAS)

—‘I‘III|III|\II|III|III|III|III|III|III|I

=

8

12.9 b (13 TeV)
5 w0w'LCMS S Tracker + TOF—
@ EPreliminary
"_@ C ¢ Observed
102 [ 4 | Data-based SM predictio
"8 [ stau (M = 494 GeV)

(=<
o

T
—

—»—

10"

102

0 500

Illll 1 IIIIIIII 1 lIlIIlII 1 IIIIIIII 1 IIIIIII? 1 111

1 1
1000 1500
Mass (GeV)

CMS-PAS-EX0-16-036 (CMS)

...or in RICH detector at LHCb,
Eur. Phys. J. C 75 (2015) 595



https://arxiv.org/abs/2104.03050
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-036/index.html
https://arxiv.org/abs/1506.09173

Direct detection: Complementarity

Potential complementary signatures related to the excess (all with anomalous dE/dX)

o IfQ>ze, could show up in multi-charged particle search
o Ifz<10 ns, could show up as disappearing/kinked track search
o IfB<1andstable, could show up in stopped particle or tracker+time-of-flight searches
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42 So far, no excess in any other direct detection search
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Summary and outlook

Impressive neutral LLP search program at the LHC

Room for improvement in most challenging regions of the phase space
Comparison between experiments (sometimes) possible in benchmark models (e.g H—XX, HNLs)

Direct searches for LLPs are highly motivated (regardless of the dE/dX excess)

Complementary signatures (in other subdetectors] vital to confirm a possible LLP observation

| expect massive gains in sensitivity in Run 3 LLP searches (wrt Run 2] thanks to (novel) trigger developments and
improved analysis techniques

Data taking is around the corner!



