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LLP Coverage & Gaps

e The ever-expanding LLP search program
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How are we doing, for a variety of models?

Motivation | Top-down Theory IR LLP Scenario
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Current Model Coverage & Gaps
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g-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary
[Ldt=(32.8-139) fb! Vs =13TeV
Signature  [Ldt[fb™] Lifetime limit Reference

RPV % — uq displaced vtx + muon 136 t lifetime m(t)=1.4TeV 2003.11956
RPV )‘(‘1’ — eev/euv/uuv  displaced lepton pair 32.8 /\72 lifetime 0.003-1.0 m m(§)=1.6TeV, m(7?)=1.3 TeV 1907.10037
RPV i > qqq displaced vtx + jets 139 ,\7? lifetime _ m(¥9)= 1.0 TeV 2301.13866
GGM {0 - ZG displaced dimuon 329 | ¥} lifetime 0.020-180m  m(g)=1.1TeV, m(¢})= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 139 ,\72 lifetime _ m(i%, G)= 60, 20 GeV, By=2% 2209.01029
GMSB 7 - (G displaced lepton 139 | 7 lfetime - e750mm m(7)= 600 GeV 2011.07812
GMSB 7 - 76 displaced lepton 139 [ 7 lifetime . 9270mm m(f)= 200 GeV 2011.07812
AMSB pp - 170, ¥ #7  disappearingtrack 136 | ¢ lifetime  006306m m(§7%)= 650 GeV 2201.02472

AMSB pp — 7i72, 7177 large pixel dE/dx 139 | ¥ lifetime [03800m ()= 600Gev 2205.06013

Stealth SUSY 2 MS vertices 36.1 § lifetime 0.1-519 m B(g — Sg)= 0.1, m(g)=500 GeV/| 1811.07370
Split SUSY large pixel dE/dx 139 | &lifetime [ >045m  m@)=18TeV,m(?)=100GeV |  2205.06013
Split SUSY displaced vtx + E}“iss 32.8 g lifetime 0.03-13.2 m m(g)=1.8 TeV, m(¢3)= 100 GeV 1710.04901
Split SUSY 0¢,2-6jets —+-E.|"‘."iss 36.1 g lifetime 0.0-21m m(g)=1.8TeV, m(¥?)= 100 GeV | ATLAS-CONF-2018-003

H-ss 2 MS vertices 139 | s lifetime Lest72am | m(9)=35Gev 2203.00587
Hoss 2 low-EMF trackless jets 139 | s lifetime . o019694m m(s)= 35 GeV 2203.01009

VH with H — ss — bbbb  2¢ + 2 displ. vertices 139 s lifetime m(s)= 35 GeV 2107.06092

FRVZH — 4y, + X 2 u—jets 139 | 4 lifetime m(yq)= 400 MeV 2206.12181
H— Z4Z4 displaced dimuon 32.9 Z, lifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057
H— ZZ, 2 e, pu + low-EMF trackless jet36.1 Z,4 lifetime 0.21-5.2 m m(Zy)=10 GeV 1811.02542
$(200 GeV) — ss low-EMF trk-less jets, MS vitx 36.1 s lifetime 0.41-51.5m o X B=1pb, m(s)=50 GeV 1902.03094
$(600 GeV) — ss low-EMF trk-less jets, MS vitx 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)=50 GeV 1902.03094
d(1 TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o X B=1pb, m(s)= 150 GeV| 1902.03094
W = Ne,N — £ty displaced vix (uu e, ee) + 1 139 [ Nifetime [/ 0.74-42 mm| m(N)= 6 GeV, Dirac 2204.11988
W — N¢,N — £ty displaced vix (uu e, ee) + 1 139 | N lifetime . 31-33mm m(N)= 6 GeV, Majorana 2204.11988

W = Ne,N — ety displaced vix (uupue, ee) +e 139 | N lifetinie 04981 mm| m(N)= 6 GeV, Dirac 2204.11988
W = N¢,N — ¢6v  displaced vix (uuue, ee) + e 139 | N Iife— m(N)= 6 GeV, Majorana 2204.11988

0.001 0.01 0.1 1 10 100 cT [m
Vs =13 TeV
partial data ] sl sl MR | MR | TR | L
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100

7 [ns]



Wide range of signhatures, models, and lifetimes explored at the LHC

UDD, §-tbs, ms =2500 GeV
UDD, §-tbs, ms =2500 GeV
UDD, t-ad, mi = 1600 GeV
UDD, t-dd, mi = 1600 GeV
LQD, £-bl, mi = 600 GeV
LQD, £-bl, mi = 460 GeV
LQD, £-bl, mi = 1600 GeV

GMSB, §~gG, mys = 2450 GeV

GMSB, §-gG, my = 2100 GeV

Split SUSY, -ggx?, mg=2500 GeV

Split SUSY, §~qdx?, mg= 1300 GeV

Split SUSY (HSCP), f, = 0.1, m; = 1600 GeV

mGMSB (HSCP) tanf = 10, u>0 , m: =247 GeV

Stopped t, t-+tx?, mi = 700 GeV

Stopped §, §-qdx?, f5, = 0.1, m;=1300 GeV

Stopped §, §-qdx2 (uux3), fy, = 0.1, m; = 940 GeV

AMSB, y *=xin*, my: =700 GeV

§g-gax; or g4, x5 xS =xin*, m; = 1600GeV,m, = 1575GeV
G-ax? or gy, xS =xin*, m; = 2000 GeV, my = 1000 GeV
totyd or bys L xE =xim*, mi = 1100 GeV, my; = 1000 GeV
GMSB, x2-HG(50%)/ZG(50%), mye = 600 GeV

GMSB, x2-HG(50%)/ZG(50%), mye = 300 GeV

GMSB SPS8, x2-yG, my = 400 GeV

GMSB, co-NLSP, /G, mj =270 GeV

Split SUSY, G-qd i, m; = 1400 GeV, mj, = 1300 GeV
Split SUSY, G-gd i, m; = 1400 GeV, mj, = 1200 GeV
Split SUSY, G-gd i, m; = 1800 GeV, mj, = 1700 GeV
Split SUSY, G-gdi°, m; = 1800 GeV, m;, = 1600 GeV

SM H=ZnZ5(0.1%), Zo-pp, my =20 GeV

SM H=ZpZ5(0.1%), Zo—pp(15.7%), mx=5 GeV

SM H-XX(10%), X—ee, mx =20 GeV

SM H-XX(0.03%), X=II, mx = 30 GeV

SM H-XX(10%), X-bb, myx = 40 GeV

SM H=XX(10%), X-bb, my = 40 GeV

SM H=XX(10%), X-bb, my = 40 GeV

SM H-XX(10%), X-=1T, my =7 GeV

SM H-XX(10%), X—»ee, myx = 0.4 GeV

SM H-WW(1%), Gluon portal, my =5 GeV, (X, Xin) = (2.5,1)
SM H-N"fl[l%). Photon portal, my =5 GeV, (X, Xn) =(2.5,1)
SM H-WW(1%), Vector portal, ma=5 GeV, (X, Xin)=(1,1)
dark QCD, ms,, =5 GeV, my, = 1200 GeV

Overview of CMS long-lived particle searches
CMS Preliminary

2104.13474 (Jets with displaced vertices) [N 0l0006=005"m
2012.01581 (Displaced jets) [ 0G0s=im
2104.13474 (Jets with displaced vertices) [ 600035=0.08'm!
2012.01581 (Displaced jets) [ 000221520
| 1808.05082 2p+2jetsy  <00um
2110.04809 (Displaced leptons) | GGooT =0
2012.01581 (Displaced jets) |[ININOG05=024m]

e A . Qs

201201581 Displaced jets) [IIIING006=0 5]
1906.06441 (Delayed jet+ MET) [0 03234 m|
2012.01581 (Displaced jets) [ 0.007-0.36 m

CMS-PAS-EX0-16-036 (dE/dx)
CMS-PAS-EX0-16-036 (dE/dx + TOF)
1801.00359 (Delayed jet)
1801.00359 (Delayed jet)
1801.00359 (Delayed pp)
2004.05153 (Disappearing track) | 07-30m
1909.03460 (Disappearing tracks +jets with M) | 011-10m
1909.03460 (Disappearing tracks + jets with M) | 026-2 m
1909.03460 (Disappearing tracks + jets with M) [ 025-am
2212.06695 (Trackless jets + MET) [ 004-12m
2212.06695 (Trackless jets + MET) | g 0504 m
1909.06166 (Delayed y(y)) [ 02=6m/
2110.04809 (Displaced leptons) [ e 052 65 m|
CMS-PAS-EX0-22-020 (Displaced vert. +p7=%) [0 0003-1m
CMS-PAS-EX0-22-020 (Displaced vert. +p7=*) [0 0001=1m!
CMS-PAS-EX0-22-020 (Displaced vert. +p7=) [ 0001-01m
CMS-PAS-EX0-22-020 (Displaced vert. +p7=) [0 0003-03 m

A Qe Qr Qr Qs

o Qs Qs
[k R

>

Q: Q9 Q: “':%n“u

CMS-PAS.£X0-23-014 (Displaced dimuon) S e S
2112.13769 (Displaced dimuon scouting) |1 G 0001-0.25 M|
1411.6977 (Displaced dielectron) [ 0/00012=25
2110.04809 (Displaced leptons) [ 0001=012'm|
2012.01581 (Displaced jets) [ 0001-053m
2110.13218 (Displaced jets +Z) [ 0,004=0.248 m|
CMS-PAS-EX0-21-008 (Decay in Muon System) [ 0678 m!
CMS-PAS.EX0-21-008 (Decay in Muon System) [ 017745 6
CMS-PAS-EX0-21-008 (Decay in Muon System) [ 0.017-168 m|
CMS-PAS-EX0-21-008 (Decay in Muon System) [ 049-236m
CMS-PAS-EX0-21-008 (Decay in Muon System)2 §8=164m |
CMS-PAS-EX0-21-008 (Decay in Muon System) [ 0.49-10'm

181010069 Emerging jet + jot) [NIIIING0032=05
1 1 1

FOBISSIN X X X X X % X X

8 10-6 1074 1072 10° 10?
ct [m]

=
Q

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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77.4
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RPV UDD, g—tbs, my = 2200 GeV
RPV UDD, g—tbs, mg= 2500 GeV
RPV UDD, t-dd, mi = 1300 GeV
RPV UDD, t-dd, mi = 1600 GeV
RPV LQD, t-bl, mi= 600 GeV
RPV LQD, t=bl, mi= 600 GeV
RPV LQD, t=bl, mi= 1600 GeV

GMSB, §—gG, my = 2450 GeV

GMSB, §—gG, mg = 2100 GeV

Split SUSY, g-qqx3, m; =1300 GeV

Split SUSY (HSCP), f5o = 0.1, ms = 1600 GeV
mMGMSB (HSCP) tanB= 10, u >0, ms = 247 GeV
Stopped £, E—’txf, mi =700 GeV

Stopped g, G-qqx?, f;,=0.1, mz; = 1300 GeV
Stopped g, §—qqx3(HpX?). fi;=0.1, m; =940 GeV
AMSB, x* =xin*, m,+ = 700 GeV

GMSB SPS8, X —yG, mys =400 GeV

H-XX(10%), X—~ee, my =125 GeV, mx = 20 GeV
H=XX(10%), X—pg, my =125 GeV, mx = 20 GeV
H-XX(10%), X-bb, my = 125 GeV, mx = 40 GeV
dark QCD, ma, =5 GeV, my,, = 1200 GeV

Overview of CMS long-lived particle searches

CMS Preliminary

3-140fb1 (8, 13 TeV)

g 11808.03078 (Disp. vertices)  0.0006-0.08 m
g |CMS-PAS-EX0-19-021 (Displaced jets) ~ 0.003-1m
¢ '1808.03078 (Displaced vertices) ~ 0.0004-0.1 m
t 'CMS-PAS-EX0-19-021 (Displaced jets) ~ 0.002-1.32m
¢ | 180805082 (2u+2jets)  <0.031m
t 'CMS-PAS-EX0-16-022 (Disp. e +disp. W)  0.0005-04 m
t CMS-PAS-EX0-19-021 (Disp. jets) [ GGGE=02am
i CMS-PAS-EXO-19-021 (Disi. jets) [N 01006 =055 i
g '1906.06441 (Delayed jet + MET) 0.32-34 m
g | 180202110 Jets+mET)  <lm
g
T
t
g
§ 1801.00359 (Delayed pup)
x* 2004.05153 (Disappearing track) _
X 190906166 (Delayed v(y)) I 02=6m)
X | 14116977 (Displaced dielectron) ~ 000012-25m
X | 14116977 (Displaced dimuon) ~ 000012-100m
X (CMS-PAS-EX0-19-021 (Displaced jets) ~ 0.001-0.53 m_
Xoo _
i P S S T T | i aa gl i aaal i a gl i s sl i " A a aaal A gl " U S S N 1
10~4 1073 102 101 100 101 102 103
ct [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

Clearly we’ve made some progress...

38 b~ (13 TeV)
132 fb~! (13 TeV)
38 ™1 (13 Tev)
132 fb~! (13 TeV)
36 b~ (13 TeV)
3fb~! (13 TeV)
132 fb™* (13 TeV)

132 fb~! (13 TeV)
137 fb~! (13 TeV)
36 b~ (13 TeV)
13 b~ (13 TeV)
13 b~ (13 TeV)
39 b1 (13 TeV)
39 b1 (13 Tev)
39 b1 (13 TeV)
140 fb~* (13 TeV)
77 ™1 (13 TeV)

20 fb~ (8 TeV)
20 fb~ (8 TeV)
132 fb~! (13 TeV)
16 b~ (13 TeV)
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Split SUSY: § — gg i’

LLP q
_ Moriond 2021 132-140 b (13 TeV)
310 % T T IIIIII| T T IIIIII| T T IIIIII| T T IIIIII| T T IIIIII| T T IIIIII| T T IIIIE;H Tar Et deca s in.
5 .. CMS Preliminary ] g ys In.
g 10 §_ ppeﬁﬁ,ﬁﬁqqpi? — Delayed jets (1906.06441) _z » Calorimeters
:E 10° ;_ m = 2400 GeV Displaced jets (2012.01581) __;—> Tracker
; i E mi?= 100 GeV Displaced vertices (EXO-19-013) _f_y Beam pipe
g1 e e Approx. NNLO+NNLL o(pp — § §) 3
S - .
= 10° &= = . . .
O E 5 e Analyses with complementary lifetime
0 10 =
> 2 coverage
1= = . .
= 5 eTarget fairly high mass here
LIV < S S 5
10—2 : 1 1 IIIIII| 11 IIIIII| 11 IIIIII| 1 1 IIIIII| 11 IIIIII| 1 1 IIIIII| 11 IIIIE
107 1 10 10° 10° 10°* 10° 10°

Cct, (Mm)



Lower limit (95% CL) on mj [GeV]

le]]

LLP

CMS Preliminary 13-39fb ! (13 TeV)

3000 F ~ -0 -

- g — qqX" (BR=100%) Status: February 2018 1

- (R-hadron cloud model) Jets + pipiss, arXiv:1802.02110 1

2500 [ . ©- Expected m, .0 = 100 GeV, charge suppressed _

- Jets + piss, arXiv:1802.02110 .

i @— Observed mz — m,o = 100 GeV, charge suppressed i

i Stopped gluino, arXiv:1801.00359 T

O HSCP, CMS-PAS-EXO-16-036 i

@ fgg = 0.1 |

1500 [~ =

1000 F o)

8 o

500 L. | IR | | | | | L 2]
10-% 104 10-2 109 102 10* 10 10% 1010 10'2 1014

5 o er [m]

Mol

. X
(n =0,8y =1) a = O
’ f

| | | L | | | | | | |
10-° 103 10-! 10' 10% 10° 107 10° 10t 1013 10%5
T [ns]

Split SUSY: ¢ — gqy

o For the same model, can also go to:

« Smaller lifetimes when you
reinterpret a prompt search

o Longer with searches for
stopped particles (EXO-16-004) and

17



Lower limit (95% CL) on mj [GeV]

le]]

LLP

CMS Preliminary 13-39fb~! (13 TeV)

3000 F ~ -0 =
- g — qqX" (BR=100%) Status: February 2018 .
- (R-hadron cloud model) Jets + pipiss, arXiv:1802.02110 -
2500 [ . ©- Expected m, .0 = 100 GeV, charge suppressed _
- Jets + p?iss, arXiv:1802.02110 .
i @— Observed m5 — m, 0 = 100 GeV, charge suppressed |
i Stopped gluino, arXiv:1801.00359 )
2000 ~ Corn T omg —mye > 160 GeV, fy, = 0.1 7]
O o HSCP, CMS-PAS-EXO-16-036 '
@ fgg = 0.1 i
1500 -
1000 F o0
_E . 2-
500 L= | L | | | | | L
10-% 104 10-2 109 102 10* 10 10% 1010 10'2 1014
Cooa_y EE 29 cr [m]
m=0.8y=1 g F 8§
| | | L | l_ | | | | | .
10-° 103 10-! 10' 10% 10° 107 10° 10t 1013 10%5
T [ns]

Split SUSY: & — qg 7"

§ (R-hadron)— qq%, ; m§;) = 100 GeV March 2022

%‘ 3000 ® RPCOL 2-6 jetsarxiv:1712.02332 (Vs=13 TeV, 36 b ATLAS Pre]iminary
15 | —@— RPC 0L 2-6 jets ATLAS-CONF-2018-003 (Vs=13 TeV, 36 fb') -6-E ted
= —— Displaced verticesarxiv:1710.04901(Ys=13 TeV, 33 fb’) Xpecte
© i Pixel dE/dx CERN-EP-2022-029 (Vs=13 TeV, 139 fb") -e—- Observed
£ - —@— Stable chargedarxiv:1902.01636 (Vs=13 TeV, 36 fb™) Al
p ~ —— Stopped gluinoarxiv:2104.03050 (Ys=13 TeV, 103 fb™) 95% CL limits
8 2500 —
E i
g |
2 P A ) £ N T e D e 90
9 2000 i ~—o
1500 —
B ;
1000 £ : : oo '3
-9 ! ! Lo P @
&Ellllllll | I|||||||i | ||I||||| | Illllllll il Iilllllll | |||Il||| | |l|]l||| | Ilw
1072 10@'1 1 1o§ 107 10°  10* {[ng]
(r forn=0, By=1) Beampipe 'Inner Detector Calo MS
1l 1 lIIIlIII | Iilllllll [ IIIIlIIi || Iillll‘ L1 IlIIIl| (| IlIIl|| || IlIIIIl
10° 102 10" 1 10 10 10® 10

ct [m]
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LLP q

2015

g R-hadron — g/qq 7(? ; mz° =100 GeV Status: June 2015
2000 :
i Displacclad vertices arXiv:1504.05162 - = - Expected limits
G- . —®— Jets+E7""®  arXiv:1405.7875, ATLAS-CONF-2014-037 -
o> 1800 — Pixel dE/dx arXiv:1506.05332 . o Ol:Usssrveq limits
£ " @ Stablecharged  arXiv:1411.6795 ?z f: ggg?gf'\csmegvT zst Included
< = Stopped gluino Xiv:1310.6584 i by
_2 1600 — ppecd B ATLAS Preliminary
£ L
G 1400 °
e) Kol
- L : [
1200 —
1000 [
800 [+ : . g
TE: - 9
S | ©
600 . RN R |
C EIlIIIlII | lllllllli | llIlIIlI | Iilllllll ;I I;IIIIIII | 1lIlIII| | IlIllIII | li
10% 10 1,10, ; 10* 10  10*
(r for n=0, py=1) Beampipe ;lnner Detector,Calo M§ T [ns]
llIIIIll L1 lIlIIIl | Iilllllll | lIIIIIII; L1 lilllll L1 llllllI L1 llllllI | llllllll |
10° 102 10 1 10 102 10° 10*
ct [m]

Split SUSY: g — qu‘(o

Look how far we’ve come!

2022

§ (R-hadron)— qq %, ; M) = 100 GeV March 2022
3000~ ® RPC 0L 2-6 jetsarxiv:1712.02332 (Ys=13 TeV, 36 fb) ATLAS Pre"minary
¢ —@— RPC 0L 2-6 jets ATLAS-CONF-2018-003 (Ys=13 TeV, 36 fb') -e-E ted
= —— Displaced verticesarxiv:1710.04901(Vs=13 TeV, 33 fb™!) xpecie
o)) i Pixel dE/dx CERN-EP-2022-029 (Ys=13 TeV, 139 fb™) —eo— Observed
£ ~ —@— Stable chargedarxiv:1902.01636 (Ys=13 TeV, 36 fb") e
c - e Stopped gluinoarxiv:2104.03050 (Ys=13 TeV, 103 fb") 95% CL limits
o 2500 —
E i
e 1)
S 2000 :‘* e
1500 |—
G 5
1000 (£ : : P i 5
O 1 1o P ©
O—Ellllllll | Illlllll; | IlIIIIlI | I;:lllllll lI l%lllllll | Illlllll | Illlllll | llw
-2 =1 : Do 3 4
10 10; 110, 10° 10 10" 1[ng]
(r forn=0, py=1) Beampipe ilnner Detectorf Calo MS
III 1 IIllIIII 1 lilllllll 1 lllllllli 1 llilllll 1 llIllIII L1 Illllll 1 llllllII
10° 102 10" 1 10 102 10®  10*

ct [m]
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'\ < ~.  GMSB: Displaced leptons

{@Lpy” G
p

14
EPJC 82 (2022) 153 (EXO-18-003, CMS)

113-118 b1 (13 TeV)

'g 105 I | | L | | LI LI I LI | | | rrri I LI I: 3 w
S CMS - = Median expected 10 .EO.
So 107, . ¢G (co-NLSP) = Observed . 0 e
3 95% CL upper limits co-NLSP E
10 === 1 NLSP - 10
102 — & NLSP E
- FNLSP _;I 1
10¢ E
1E g 5107
1 7 — 1072
10 ¢ :
2 S — i 1073
107 j
- 4
_II | L1 11 | | | | | | | 111 | 1111 | | | | 1111 I L 111 10

-3
107 300 200 300 400 500 600 700 800 900
mg) [GGV]

Lifetime [ns]

- — —
o (@] o
w £ o

—
o
N

10
10°
107
107%

107

Phys. Rev. Lett. 127, 051802 (2021) (ATLAS)
T—1G Ié, le [e,n,1]

llllllllllllllllllllllllllllllllllllllllll
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o CMS search better at shorter lifetimes, ATLAS better at
longer lifetimes

:: gafgl,és::::;aqé

o ATLAS has a bigger detector! Naively this difference
in results makes sense

« Room for improvement for CMS search:

« Can take advantage of more displaced muon
reconstruction

» Better displaced electron reconstruction would be
great!

« For both CMS and ATLAS:
« Can try with non-isolated leptons (harder! more bkg)
o Could try for lower masses if have improved triggers
« Displaced hadronically decaying taus! Stay tuned :)
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GMSB: Displaced leptons
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N GMSB Staus
>) E)\se G E | ATLAS-CONF-2023-044
p Stau, - 1G

T ;‘ 800_ ! "'”g LY L LAY LR

. . ) - ATLAS Preliminar [)Displaced Leptons

« ATLAS has this nice plot to O, 700F V5213 TeV, 140 fb” Y aniv2011.07812
show both displaced lepton L p Allmits at5% CL azosteon
p p £ 600 Observed () dE/dx + B-calo ]

searches and searches for 5005 Epaciod e rest! E
highly-ionizing particles at 4005 .
once - .
, , 300 =

e | think CMS should do this - .
200F E

once our full Run 2 HSCP - ]
analysis finally comes out :) 100E e vl

1072 10 1 10 10° 10°

e Also missing: displaced taus! @
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>
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GMSB: Delayed/Non-pointing Photons
ATLAS targets GMSB SUSY via H —NLSP NLSP...

EX0T-2022-017

Y — 102
\o : 1 1 1 LI I . 1 . I I I I LI I I i
oA - ATLAS Preliminary i
N LSP o B Vs =13 TeV, 139 fb™ /|
5 ETmiss > 50- 80 GeV g i High-Am selection -e-m g, =30 GeV
. a Mysp =90 GeV - m ., =20 Gev
LSl 2 i —-m_ = 0.5 GeV
Z -
10 IS N —
o = ]
0 : i
- 5 : _
= } |
E’Frorppt Iep)tons = -
or trigger 3 e _
2 - ]
g — | Lo 1
0.3 1 10 10°
T [ns]
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GMSB: Delayed/Non-pointing Photons
... While CMS targets GMSB SUSY via SPS8

__l | I i I L I LI I L I L I L I | L 3 I T I | i i ] l_‘
=~ [ GMsBsPss -
Phys. Rev. D 100 (2019) 112003 8‘* 100 T CMS expected (+ 1) 77.4 o™ (13 TeV), v, vy __|
q S CMS observed 77.4 fb™ (13 TeV), v, 1 E
[ ~=i=i=i=i=.=  ATLAS observed 20.3 o' (8 TeV), vy ]
: ~ B CMS observed 4.9 fo™' (7 TeV), y ‘
p 4 _ ~O‘JJ _ 102 =
- X1 -G - 3
p Tl X G i ]
q ‘\‘\‘\E""SSMSO 200 GeV 10 E
. C i
1 3 3
10_1—:— l lllllll’ —1— ” l
100 150 200 250 300 350 400 450 500 550 600
Mio (GeV)

1
uJJLLLLLu_Lu_LLIJJJ_LuLLlLuJJJLLLLu_ULLuJ_LLLLuJJJLLLU_LULuJ_uJ
100 150 200 250 300 350 400
A (TeV)

not easy to compare ATLAS and CMS for delayed photons, since
production mechanism is different
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. RPV SUSY S
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https://cds.cern.ch/record/2734120

Displaced jets
EX0O-19-021

CMS

132 b’ (13 TeV)
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https://cds.cern.ch/record/2734120

RPV SUSY

« In general, different benchmark RPV SUSY interpretations in LLP searches
« Need a more systematic approach to facilitate comparisons across the experiments

Phys. Rev. D 102, 032006 (2020) (ATLAS) Phys. Rev. D 104, 012015 (2021) and Eur. Phys. J. C 82 (2022) 153 (CMS)
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(Exotic) Higgs and Dark Photons
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6 CMS Preliminary 97.6 b (13 TeV)

= 10
S 5F m,=125GeV — Combined observed
210°E " 20 Gev — CMS (arXiv:2112.13769) (101 fo™)
0 1
1104 Bz, ou) = 0.143 — ATLAS (PRD 99, 012001) 329 10)  f _
N
@ 10°
ND 2
10
1 10

—

1

per limit on o
<

—
<
N

B(H—Z,Zo) = 0.1%

<1074 D _ _ . B(H-ZyZ;) =0.001%

0)10—5 |
102 1072 10-1,'1 10 102 10° 10* 10° 1?6
/ ct [cm

uye in Tracker (101 fb™, CMS Scouting data) JHEP 04 (2022) 862 (CMS)

Strong constraints for cz ~ tracker

Limited to dimuon vertices within pixel tracker

H—XX: Non-Hadronic

Displaced Dimuons Vertex

w in Muon System (32.9 fb™)

Search sensitive to cz 2 0.1cm

Limited to small 4R, (due to trigger)
Phys. Rev. D 99, 012001 (2019) (ATLAS)

~ - — pu Tracker+Muon System (97 fb™)

Wide range of cz from um to km

Limited by trigger efficiency
2205.08582 (CMS)

No analogous result (common vertex) for
X-lll=eorz,_Jat13TeV

In all cases, room for improvement with

improved lepton triggers
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Dark Photons to Dimuons: CMS

@ CMS 96.6 - 137 fo~1 (13 TeV)
1 1 | :
1044 4
10}
i - CMS ]
106 5 LHCb PRL 124 (2020) 131802 3
(07 f_ BaBar scouting triggers <=====p standard triggers _:
CMS
i arXiv:2309.16003 Minimal dark photon model

—8 L L L L L | L L L |

N Prompt low-mass dimuon o 1o
P Prompt high-mass dimuon mz, [GeV]

scouting (EXO-21-005) .
standard + scouting (EX0-19-018) Displaced dimuons with Scouting JHEP 04 (2022 062 (CMS)

101fo ' (13 TeV)

CMS 99 - H — ZyZy — 2u2X
B(Zp - pp) from JHEP 02 (2015) 157
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« Would be easier to interpret if
on the same plot and with the
same model
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ATLAS has used
lepton jets and other
signatures to explore
these types of models
Signature: high
multiplicity of
collimated displaced
leptons

CMS hasn’t probed
this signature exactly

Dark Photons: ATLAS

9

Vector portal couplin

—
<
w

—h
<
SN

107°
10°°
1077

1078

ATLAS Prellmlnary

Ys=8- 13 TeV, 20.3-139 b’

| IIIlIll
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IlIIIIlI

1072

107"

1

10

Dark Photon mass [GeV]

FRVZ Model
H—>27d+X

m, = 125 GeV

90% CL observed limits

Displaced (139 fb™)
ATLAS-CONF-2022-001
BR=10%
B BR=5%
B BR=1%
B BR-=0.5%
I BR=0.1%

Prompt (20.3 fb™)
JHEP 02 (2016) 062
BR=10%

Monojet (139 fb™)
ATL-PHYS-PUB-2021-020
BR=50%

Non-ATLAS searches
JHEP 06 (2018) 004
Vector-Portal-only limits
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arXiv:2308.05587

Dark Photons: FASER

| >
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Energy measurement Tracking Decay volume Scintillator veto
@ F v W oyt vr v v vy
S B VAR ! FASE. |
= | L = 27.0 fb"! |
Q
() . .
C ool - Probing region relevant
N e for thermal relic target &
[ region uncovered by the
I ] recent NA62 result
10°° =

10 10°
m, [MeV] 2


https://arxiv.org/abs/2308.05587
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H—XX: Hadronic k.
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CMS Preliminary August 2023
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Z + displaced jets
2110.13218

| 1177, 13 TeV

I m = 15 GeV

---m, = 40 GeV

— m = 55 GeV

eI

Displaced jets
2012.01581
132 b7, 13 TeV
....... mg = 15 GeV
---m =40 GeV
—m, = 55 GeV

MS Clusters
EX0O-21-008
137 b7, 13 TeV
....... ms =15 Gev
-=-=-mg =40 GeV
—m, =55 GeV
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> /\ H—XX: Hadronic ~ °

Ionglwed

f

Room for improvement with tracker-

based searches at low mass
« Wait for it!

Lifetimes between what tracker-based

searches can access and what muon
system searches can access:

e Could be helped by targeting decays
in the calorimeters —> Wait for it!

High multiplicity showers in the muon

systems help CMS access longer
lifetimes

q

August 2023
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LIS

Z + displaced jets
2110.13218
117 fo™', 13 TeV
m = 15 GeV
---mg =40 GeV
—m, =55 GeV

Displaced jets
2012.01581
132 b, 13 TeV

MS Clusters
EX0O-21-008
137 fb™, 13 TeV
mg = 15 GeV
---m, = 40 GeV
—m, =55 GeV
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H— XX: Putting it All Together

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 [125-35 Gev

20Gev [J4s60Gev Ay
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H— XX: Putting it All Together

Hidden Sector, m, = 125 GeV
Selected ATLAS results
95% CL observed limits

Contributing searches:

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

Muon System (1 Vix + 2 Vitx), 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 b1

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:
Bsecev 1520Gev [125-35 Gev

20Gev [J4s60Gev [JAny
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p>...h..f:;;j4* H— XX: Putting it All Together

f
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95% CL upper limit on B(h—XX)
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CMS Preliminary
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August 2023

1

10 10% 10° 10* 10° 10° 10’

ct, [mm]

== Dimuon scouting

B(X—uu)=0.24, m =2 GeV
2112.13769

== MS Clusters

X—1r, mX=7 GeV
EXO-21-008

== MS Clusters

X— %P, mX=1 .5 GeV
EXO-21-008

+ MS Clusters

X—=vy, mX=0.4 GeV
EXO-21-008

=+ MS Clusters

X— ee, mx=0.4 GeV
EXO-21-008

W Hto Inv.,, 2303.01214
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95% CL upper limit on B(h—XX)

107

10°°

5<mx<30GeV

CMS Preliminary August 2023
‘E‘“'I R A I R B 2 A DU IR IR }‘ T ""%
% yATS
.g_...l vl 3l | I R T BT ETTT R AW RTTT M I ..._E

10" 1 10 10 10% 10* 10° 10° 107

ct, [mm]

H— XX

Displaced leptons
X—eeluu, mx=30 GeV
2110.04809

== Dimuon scouting
B(X->up)=0.14, m =20 GeV
2112.13769

Displaced dimuon
B(X—uw)=0.14, m =20 GeV
EX0-23-014

== Z + displaced jets
X—Dbb, mX=15 GeV
2110.13218

== Displaced jets
X—dd, mX=15 GeV
2012.01581

== MS Clusters
X—11, mx=15 GeV
EXO-21-008

=1 MS Clusters
X— bb, mX:15 GeV
EX0-21-008

W Hto Inv., 2303.01214

95% CL upper limit on B(h—XX)
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CMS Preliminary

— ~'~ -

— '~ —
5 |

— “ ~V -

, 4

= - ‘/ —

: \ @ .
Keo)

B \/ A
-
w

EIII 1 1 IIIIIII 11 IIIIIII 1 IIIIIII 1 IIIIIII 1 IIIIIII 1 IIIIIII 1 IIIIIII 1 1 I I;

10" 1 10 10% 10% 10* 10° 10° 107
ct, [mm]

August 2023

Displaced leptons
X—eeluy, mx=50 GeV
2110.04809

== Dimuon scouting
B(X—uu)=0.13, mx=40 GeV
2112.13769

Displaced dimuon
B(X—up)=0.13, m =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—1r, mX=55 GeV
EX0O-21-008

= MS Clusters
X bb, m, =55 GeV
EX0-21-008

W Hto Inv.,, 2303.01214

o If B(X=> qq) ~ B(X = Il), non-hadronic searches set stronger constraints than hadronic

Sed

rches (depending on B(X))

o But B(X - qq) >> B(X — |l) often in BSM models - complementarity and coverage is the key
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Heavy Neutral Leptons

U arXiv:2305.14931
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ATLAS t-channel
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£=140fb~1
ATLAS s-channel
— JHEP 10 (2019) 265
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ATLAS s-channel

JHEP 07 (2015) 162
TTT V5 =8TeV

£=20.3fb71

ATLAS displaced
—_— arXiv:2204.11988
£=139fb~!
CMS t-channel
- -~ arXiv:2206.08956
£=139fb"1
CMS s-channel

— .- JHEP 01 (2019) 122
£=35.9fb!

CMS displaced
..... JHEP 07 (2021) 081
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CMS Preliminary _

Muon Channel

- Displaced 3¢
- Displaced 12 + >=1 jet

+>=1jet
= Prompt 1£ + MDS
= B-parking 2¢ + T

1 IIIIIIII 1 llllllll I IIIIIIII T

T IIIIIII

LI llIIIII

T Illllll

Displaced 12 & 2" vert.

42-137 fb~1(13 TeV)

1 1 1 I 1 |
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= Qbserved
--- Expected
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1073

1074

10-5F

10-°

10-7L

Heavy Neutral Leptons

CMS Preliminary _42-137 fo™'(13 TeV)
§ | I I 1 I 1 | I | IE
- Electron Channel Majorana
—= Displaced 3¢ = Observed —5
; - Displaced 1£ + >=1 jet --- Expected ;

___ Displaced 1¢ & 2" vert.

- +>=1jet
- = Prompt 12 + MDS
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CMS Preliminary _ 42-137 fb™'(13 TeV)
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Hidden Valleys, Dark QCD, Dark Showers



Hidden Valleys

Visible Sector Portal Dark Sector

Multiparticle Spectrum
..............

on -+ 12 ' .
wp charm top gluon Figgs L ~. 7 ’
s = . RS
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S b Y . -~
2 P N
down strange bottom photon " -~ 7 ’
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New Gauge Symmetries

J . J

M. Lisanti

« Complex dark sector w/ new force from non-Abelian gauge group
e No prior expectation for Ncdark (group dimension) or Ngdark (matter fields)

* Behavior can be QCD-like (my=A4ark), but other phenomena also possible



Dark QCD, Dark Showers

 Dark shower:

« Confinement and hadronization in the dark sector result in a spray
of composite hidden sector states, dark hadrons

« Many pheno scenarios possible, including:

pTrpiss + X

e Dark hadrons have decay length ctgark

« Multiple displaced vertices within a single jet emerging | _SMerging
/ semivisible

— semivisible

and decay promptly

e Tinv = Nstable / (Nstable + Nunstable)
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Dark QCD

Sketch of plot that will be

coming from CMS soon:
138 fb1 (13 TeV)

Finv 1 Mdark = 20 GeV

— dark
Xdark = peak

0.5

1 2 3 4 5
mz [TeV]

High mass dijet resonances (EXO-19-012)

Monojet and mono-V(had) (EXO-20-004)

Semivisible jets (cut-based, EXO-19-020)

Semivisible jets (BDT-based, model-dependent, EXO-19-020)

CMS emerging jets

arXiv:1810.10069

16.1fb" (13 TeV)

= Observed limit
= Expected limit
=== Expected limit = 1o

mgy [GeV]

95% CL upper limit on cross section [fb]
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Dark QCD

Sketch of plot that will be

coming from CMS soon:
138 fb1 (13 TeV)

Finv 1 Mdark = 20 GEV

— dark
adark - peak

0.5

1 2 3 4 5
mz [TeV]

High mass dijet resonances (EXO-19-012)

Monojet and mono-V(had) (EXO-20-004)

Semivisible jets (cut-based, EXO-19-020)

Semivisible jets (BDT-based, model-dependent, EXO-19-020)

Rinv

0.8

0.6

0.4

ATLAS

EXOT-2022-37

’
.
'
.
.
’
.
. ’
.
’
’

T T T | T

-2

ATLAS
Vs =13 TeV, 139 fp’
A =1

— SV jets t-channel

| | | | | | |

-
.

2.5 3 3.5

Mg [TeV]

— PRD 103 (2021) 112006=» [VlONOjets

—— observed ----expected —

49


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-37/

Dark QCD

e Some gaps:

e Room for more dedicated searches with range of possible final
states depending on mediator!

e Only a small fraction of dark QCD scenarios probed at the LHC so
far: more parameters to change —> different phenomenology



Beyond QCD-Like

o Soft Unclustered Energy Patterns (SUEPs)

e Large A = agarkNc 92rk(‘t Hooft coupling):
unsuppressed large angle radiation - wide,
spherical showers

« Search strategies: trigger on HT, use particle/
soft-unclustered

track multiplicity and event shape variables energy patterns
to reject background | (SUEPS)

e Results coming soon from CMS and ATLAS!

e Glueballs
e Hard to simulate...

large
M\ multiplicity
%/ 1 U of soft tracks



Fractional and Milli Charged Particles



Charge (in units of e)
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What’s Next?

A

HiLuMI

LARGE HADRON COLLIDER

¢:) LHC/HL-LHC Plan

LHC HL-LHC
Run 3
LS1 EETS Ls2 136 Tev  MAD 13.6 - 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation limit LIU Installation -
7 TeV 8 TeV button collimators gt)le()raltrgtlion o ) inner triplet . - LH?
— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
2040
ATLAS - CMS 5to 7.5 x nominal Lumi
experiment upgrade phase 1 ATLAS - CMS
beam pipes

) . . . HL upgrade
nominal Lumi w ALICE - LHCb . 2 x nominal Lumi

75% nominal Lumi | /_ upgrade ! A 1 A
m m | integrated

luminosity JEE {3

High-Luminosity LHC

We are here, in Run 3 taking data in ~2029
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Show what the
experiments to date
have achieved, in terms

of model coverage

« ATLAS/CMS/LHCb
« Dedicated experiments

Run 3

Predict what we might
achieve in Run 3

Speculate about what we
might achieve with the
High-Luminosity LHC

Point out the gaps in
that coverage
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New Triggers in CMS for Run 3

CMS Preliminary

e New L1 & HLT algorithms for displaced =———————pp-

muons

« New L1 & HLT triggers for showers in

the muon system

Efficiency

LLP Run 3 Trigger Results

Cosmics 2023
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/Run3LLPHLT

New Triggers in CMS fo

New L1 & HLT algorithms for displaced
muons

New L1 & HLT triggers for showers in
the muon system

New triggers for delayed jets:

e Using HCAL depth and timing
(thanks to HCAL upgrade): L1 & HLT

o Using ECAL timing: HLT =———-
New HLT triggers for displaced taus

More rate: parking displaced and
delayed jet triggers

Efficiency

—
N

—
N

©c o o 9
M A o

o III|I|I|III|III|III

o

LLP Run 3 Trigger Results
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>

Trigger efficiency
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Run-3 displaced-jets trigger efficiency

Run-2 displaced-jets trigger efficiency
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EXO-23-014

New Triggers — Increased Coverage
First CMS Run 3 search: Displaced dimuons (common vertex)

« Generic, inclusive search for long-lived particles decaying into pairs of oppositely-charged muons
(displaced dimuons) within the tracker and beyond

e Uses 36.7 fb-1 of 13.6 TeV data taken in 2022

Tracker muon pair Search for long-lived
Muons reconstructe: d in the muon . .
detectors as well as the tracker partI.CIes decaylng to

a pair of muons ; _

p q
;LLP ~
LLP / z

(¥4

/4
HH T O
=2 | C
i (/)
{] ll/, =
‘ L
\“\\‘\

Muon detectors
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-014/index.html

EXO-23-014

New Triggers — Increased Coverage
First CMS Run 3 search: Displaced dimuons (common vertex)

« Generic, inclusive search for long-lived particles decaying into pairs of oppositely-charged muons
(displaced dimuons) within the tracker and beyond

e Uses 36.7 fb-1 of 13.6 TeV data taken in 2022

e Improved triggers — Substantial increase in acceptance x trigger efficiency compared to Run 2

Trigger Coverage Trigger Eff|C|ency
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Tracker + muon
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16, 10
. Sl SE
Muon detectors only— e °F
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New Triggers — Increased Coverage

EXO-23-014

First CMS Run 3 search: Displaced dimuons (common vertex)

Generic, inclusive search for long-lived particles decaying into pairs of oppositely-charged muons

(displaced dimuons) within the tracker and beyond
Uses 36.7 fb-1 of 13.6 TeV data taken in 2022

Improved triggers — Substantial increase in acceptance x trigger efficiency compared to Run 2

Improve signal efficiency at low mass and large displacements up to a factor of 4
Comparable or better sensitivity than Run 2 with only 38% of the data

LLP

||||I'I'I'I| l||||'|'|'|| |||||I'I'I'| 9|5||/||I'IgL||||I'I'I'|| I|l|||1'|'l| |||||'I'I'I'| T T
. . % CL upper limits:
CMS Preliminary 272 o
m(H) = 125 GeV - - Combined exp. (median)
m(ZD) =10 GeV Combined exp. (68% quantile)

Combined exp. (95% quantile
—13.6 TeV obs. (36.7 fb')
— 13 TeV obs. (97.6 fb™)

B(ZD—mu) =0.144

ERTTTT AR T EERERTTTT AR TTTTT AR TTTT MR RTTTT AR TTTT AT
10° 102 10" 1 10 102 10° 10* 10° 1?6
ct [cm
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How are we trying to improve? (l)
Trends in late Run 2, early Run 3:

More emphasis on more complicated models/
signatures:

« E.g. Dark QCD/semivisible/emerging jets/
SUEPs

Emphasis on low mass signatures

* SM Higgs — LLPs, Heavy neutral leptons, Dark
photons, Compressed SUSY, SUEPs

Small ct: pushing into prompt backgrounds

« E.g. with prompt object (often used to trigger)
produced in association with LLP(s)

Large ct: extending acceptance beyond tracker



How are we trying to improve? (Il)
Trends in late Run 2, early Run 3:

wv & 33 segments in ME-2/1
« CMS is developing an extensive muon showers program ’g ™
° i 1 (o) e
Suite of e?nalyses/papers looking for muon shower + £ oE ok
other object £ A TV:FL-@-...___.* )
« Dedicated L1 and HLT triggers in Run 3! =

« New & improved trigger strategies:

« More dedicated triggers: Displaced muons, displaced
jets (ECAL and HCAL), displaced taus, disappearing
tracks, showers in muon system, ...

Displaced taus

e Scouting/ Trigger Level Analysis/ Turbo Stream
o Parking

o Increased use of machine learning (deep networks &
other advanced techniques)

Machine learning

« E.g. for challenging backgrounds

prediction prediction 6 3



How are we trying to improve? (Il)
Trends in late Run 2, early Run

& 33 segments in ME-2/1

« CMS is developing an extensive muon showers program ™
« Suite of analyses/papers looking for muon showe — 3
&4 —k T
other object A wlw?%ﬁ-.. /\
o Dedicated L1 and HLT triggers in Run
« New & improved trigger strategies % ) ~ T
o More dedicated triggers: has 4 G
v
jets (ECAL and HCA 8 G
tracks, showerss g p i

e Scouting/
o Parking

o Increased use of machine learning (deep networks &
other advanced techniques)

« E.g. for challenging backgrounds

Machine learning

— Forward ¢ [77} Backward Feature [ Label I Domain
propagation N p i i ict prediction 64




HL-LHC

Show what the Predict what we might
experiments to date achieve in Run 3

have achieved, in terms
of model coverage Speculate about what we

. ATLAS/CMS/LHCb might achieve with the
« Dedicated experiments High-Luminosity LHC

Point out the gaps in
that coverage
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LLPs at the HL-LHC

e See Flavia’s talk on Monday for a nice comparison of the ATLAS and
CMS detectors at the HL-LHC, and how that could impact LLP searches

e Lots of potential! Will show just a quick (biased) sampling of some
options



Delayed Photons in Timing Detectors
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MS Phase-2 Simulation
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PRD 105 (2022) L051701

ML Trigger for Nonpointing Particles in HGCAL

3.0+

: Nonpointing ;;5:55*:..“‘“ b -
2.5 L et

2.0 TERR L AT

1.5

Needs:
e HLS4ML (showed it works)
e Realistic CMS implementation (to do)
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Signal efficiency

Wants:

e Collaboration with ATLAS? Possibility for
your High Granularity Timing Detector?
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L1 Track Triggers for Displaced Jets

m(H)=125 GeV, m(®P)=30 GeV

CMSPhase 1l Simultation (13 TeV)
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Disappearing Tracks

Z;" G if Z:’ production, tanf =5, u > 0 Pure Wino
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Summary

« I've summarized how well we are covering different models/scenarios with experimental searches
for LLPs
« Probably I've missed models/analyses/summary plots: please tell me!

o [Or we see which summary plots we should make ;) ]
« And pointed out the gaps and where we could improve

o | think we look like ~ «« . Do you agree?
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Summary

I’'ve summarized how well we are covering different models/scenarios with experimental searches
for LLPs

« Probably I've missed models/analyses/summary plots: please tell me!
o [Or we see which summary plots we should make ;) ]

And pointed out the gaps and where we could improve

| think we look like ¢« . Do you agree?

Showed a bit of how far we’ve come and where we could be going
e« Run1l — Run2 — Run 3 — HL-LHC

And some hints of how we could do it: lots of awesome new ideas!
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Summary

I’'ve summarized how well we are covering different models/scenarios with experimental searches
for LLPs

« Probably I've missed models/analyses/summary plots: please tell me!
o [Or we see which summary plots we should make ;) ]

And pointed out the gaps and where we could improve

| think we look like <« . Do you agree?

Showed a bit of how far we’ve come and where we could be going
e« Run1l — Run2 — Run 3 — HL-LHC

And some hints of how we could do it: lots of awesome new ideas!

Only up from here! 4 @
The future looks bright :)
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