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The task is  to look everywhere 
with al l  experiments 

both exis t ing and future 
without theory bias or favor
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Heroic amount of  data,  hundreds 
of  published BSM searches

T h e  L a r g e  H a d r o n  C o l l i d e r  i s  a  b i g - d a t a  e x p l o r a t i o n  m a c h i n e

Papers as of   
11 Dec. 2023 ATLAS CMS

Exotic(s)(a) 305 224

Supersymmetry 194 139
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⌧ =
~
M

<latexit sha1_base64="VAFziKtYOECSqiNNtxdxPrijpvA=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVJMNouhIIL3QgV7AOaUibTSTt08mBmIpSYhb/ixoUibv0Nd/6N04egogcuHM65l3vv8RPOpELowygsLC4trxRXS2vrG5tb5vZOU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb80fnEb91SIVkc3ahxQrshHkQsYAQrLfXMPU/hFJ5BLxCYZN7QxyLPrvKeWUZWxXGqbgUi66SKHMfRxHWR67rQttAUZTBHvWe+e/2YpCGNFOFYyo6NEtXNsFCMcJqXvFTSBJMRHtCOphEOqexm0/tzeKiVPgxioStScKp+n8hwKOU49HVniNVQ/vYm4l9eJ1VBpZuxKEkVjchsUZByqGI4CQP2maBE8bEmmAimb4VkiHUSSkdW0iF8fQr/J03HspFlXx+XaxfzOIpgHxyAI2CDU1ADl6AOGoCAO/AAnsCzcW88Gi/G66y1YMxndsEPGG+fFNOWLQ==</latexit><latexit sha1_base64="VAFziKtYOECSqiNNtxdxPrijpvA=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVJMNouhIIL3QgV7AOaUibTSTt08mBmIpSYhb/ixoUibv0Nd/6N04egogcuHM65l3vv8RPOpELowygsLC4trxRXS2vrG5tb5vZOU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb80fnEb91SIVkc3ahxQrshHkQsYAQrLfXMPU/hFJ5BLxCYZN7QxyLPrvKeWUZWxXGqbgUi66SKHMfRxHWR67rQttAUZTBHvWe+e/2YpCGNFOFYyo6NEtXNsFCMcJqXvFTSBJMRHtCOphEOqexm0/tzeKiVPgxioStScKp+n8hwKOU49HVniNVQ/vYm4l9eJ1VBpZuxKEkVjchsUZByqGI4CQP2maBE8bEmmAimb4VkiHUSSkdW0iF8fQr/J03HspFlXx+XaxfzOIpgHxyAI2CDU1ADl6AOGoCAO/AAnsCzcW88Gi/G66y1YMxndsEPGG+fFNOWLQ==</latexit><latexit sha1_base64="VAFziKtYOECSqiNNtxdxPrijpvA=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVJMNouhIIL3QgV7AOaUibTSTt08mBmIpSYhb/ixoUibv0Nd/6N04egogcuHM65l3vv8RPOpELowygsLC4trxRXS2vrG5tb5vZOU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb80fnEb91SIVkc3ahxQrshHkQsYAQrLfXMPU/hFJ5BLxCYZN7QxyLPrvKeWUZWxXGqbgUi66SKHMfRxHWR67rQttAUZTBHvWe+e/2YpCGNFOFYyo6NEtXNsFCMcJqXvFTSBJMRHtCOphEOqexm0/tzeKiVPgxioStScKp+n8hwKOU49HVniNVQ/vYm4l9eJ1VBpZuxKEkVjchsUZByqGI4CQP2maBE8bEmmAimb4VkiHUSSkdW0iF8fQr/J03HspFlXx+XaxfzOIpgHxyAI2CDU1ADl6AOGoCAO/AAnsCzcW88Gi/G66y1YMxndsEPGG+fFNOWLQ==</latexit><latexit sha1_base64="VAFziKtYOECSqiNNtxdxPrijpvA=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVJMNouhIIL3QgV7AOaUibTSTt08mBmIpSYhb/ixoUibv0Nd/6N04egogcuHM65l3vv8RPOpELowygsLC4trxRXS2vrG5tb5vZOU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb80fnEb91SIVkc3ahxQrshHkQsYAQrLfXMPU/hFJ5BLxCYZN7QxyLPrvKeWUZWxXGqbgUi66SKHMfRxHWR67rQttAUZTBHvWe+e/2YpCGNFOFYyo6NEtXNsFCMcJqXvFTSBJMRHtCOphEOqexm0/tzeKiVPgxioStScKp+n8hwKOU49HVniNVQ/vYm4l9eJ1VBpZuxKEkVjchsUZByqGI4CQP2maBE8bEmmAimb4VkiHUSSkdW0iF8fQr/J03HspFlXx+XaxfzOIpgHxyAI2CDU1ADl6AOGoCAO/AAnsCzcW88Gi/G66y1YMxndsEPGG+fFNOWLQ==</latexit>

Modif ied f rom J .Phys.G 47 (2020) 9,  090501

https://indico.fnal.gov/event/43776/contributions/188481/attachments/129394/156945/snowmass_knapen.pdf
https://indico.cern.ch/event/863077/contributions/3850699/attachments/2044003/3423877/LHC_LLP_Craig.pdf
https://doi.org/10.1088/1361-6471/ab4574
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M = mass of  
the part icle

Matr ix element 
governing the decay

Phase space 
for  this  decay

Small  r ight  s ide —> long-l ived part icle

Long l i fet imes typical ly ar ise in the SM when approximate symmetr ies  make 
the part icle s table — same principles generical ly apply in BSM theories



I C H E PA P  2 0 2 3  / /  S I N P  / /  Ko l k a t a  / /  1 4  D e c e m b e r  2 0 2 3J .  B e a ch a m 10

Th e  o b s e r ve d  l i f e t i m e  o f  a  p a r t i c l e  i s  s a m p l e d  f r o m  a n  e x p o n e n t i a l  w i t h  a  s h a p e  s e t  by  i t s  
p r o p e r  l i f e t i m e  τ  ( o f t e n  e x p r e s s e d  a s  p r o p e r  d e c ay  l e n g t h ,  cτ )

A s  a  r e s u l t ,  w e  u s e  m u l t i p l e  s e a r ch  s t r a t e g i e s  t a r g e t i n g  a l l  s u b d e t e c t o r s  o f  AT L A S ,  
C M S ,  a n d  L H C b  —  a n d  b e yo n d  t h e  d e t e c t o r s
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Heather Russell

L o n g - l i v e d  p a r t i c l e s  m e a n  m a n y  n e w  d e t e c t o r  o b j e c t s

https://hrussell.web.cern.ch/hrussell/graphics.html
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T h e  c e n t r a l  d e t e c t o r s  o f  t h e  L H C

CMS and ATLAS have 
s imilar  but  s l ight ly 

di f ferent  designs but 
intended to be general-

purpose,  i .e. ,  to be able to 
search for a wide range of  

phenomena

LHCb designed for precis ion 
measurements of  b-hadrons



I C H E PA P  2 0 2 3  / /  S I N P  / /  Ko l k a t a  / /  1 4  D e c e m b e r  2 0 2 3J .  B e a ch a m 14

L o n g - l i v e d  p a r t i c l e  s e a r c h e s  a t  L E P  a n d  t h e  T e v a t r o n

M .  Fa n t i  t a l k  a b o u t  
L L P s  a t  L E P  a t  f i r s t  

L H C  L L P  M i n i -
wo r k s h o p ,  2 0 1 6

C a l o r i m e t e r

Tr a ck e r

A .  H a a s  t a l k  a b o u t  
L L P s  a t  Te va t r o n  a t  

t h e  s a m e

L E P

Te va t r o n

D ø

https://indico.cern.ch/event/517268/contributions/2041301/attachments/1272370/1886064/fanti_160512_LLPworkshop_LEP.pdf
https://indico.cern.ch/event/517268/contributions/2041301/attachments/1272370/1886064/fanti_160512_LLPworkshop_LEP.pdf
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A  s a m p l i n g  o f  L L P  s e a r c h e s  w i t h   
A T L A S ,  C M S ,  a n d  L H C b  a t  t h e  L H C
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N e u t r a l  L L P s  d e c a y i n g  t o  l e p t o n s
I d e n t i f y i n g  d i s p l a c e d  ch a r g e d  p a r t i c l e s  r e q u i r e s  t h e  c a p a c i t y  t o  f i n d  t r a ck s  
w i t h  l a r g e  i m p a c t  p a r a m e t e r s  
• I f  L L P  d e c ay  o c c u r s  i n  t h e  i n n e r  t r a ck e r,  c a n  u s e  l a r g e - d 0  t r a ck i n g  

• C M S  h a s  g o o d  t r a ck i n g  f o r  s u ch  c a s e s  by  d e f a u l t  
• AT L A S  p r e v i o u s l y  n e e d e d  t o  r u n  s p e c i a l  r e - t r a ck i n g  [  AT L A S  l a r g e  r a d i u s  

t r a ck i n g  n o t e  ]  a n d  r e - ve r t e x i n g  o n  a  s u b s e t  o f  e ve n t s  
• B o t h  a p p r o a ch e s  r e q u i r e  c u s t o m i z e d  t r i g g e r i n g  s t r a t e g i e s  
• C a n  l e a d  t o  va r i o u s  s i g n a t u r e s  i nvo l v i n g  o n e  d i s p l a c e d  l e p t o n ,  a  p a i r  o f  

s e p a r a t e l y  d i s p l a c e d  l e p t o n s ,  o r  a  c o m b i n a t i o n  o f  p r o m p t  a n d  d i s p l a c e d

C M S - E X O - 1 6 - 0 2 2

top squark mass [GeV]
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 1 std. deviation±

Expected
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 (13 TeV)-12.6 fb

CMS
Preliminary

AT L A S  ( A p r i l  2 0 2 2 )  P R L  1 3 1  ( 2 0 2 3 )  6 ,  0 6 1 8 0 3  

C M S  ( J a n .  2 0 2 2 )   J H E P  0 7  ( 2 0 2 2 )  0 8 1

https://cds.cern.ch/record/2275635
https://cds.cern.ch/record/2275635
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-022/
https://doi.org/10.1103/PhysRevLett.131.061803
https://doi.org/10.1007/JHEP07(2022)081
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N e u t r a l  L L P s  d e c a y i n g  t o  l e p t o n - j e t s
L e p t o n - j e t  =  h i g h l y - c o l l i m a t e d  g r o u p i n g  o f  
l e p t o n s  f r o m  a  l ow - m a s s  ( O ( G e V ) ) ,  b o o s t e d  
B S M  p a r t i c l e  l i k e  a  d a r k  p h o t o n  /  Z d a r k  

• C o n f o u n d s  s t a n d a r d  l e p t o n  i s o l a t i o n  c r i t e r i a

AT L A S - C O N F - 2 0 1 6 - 0 4 2

P L B  7 9 6  ( 2 0 1 9 )  1 3 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-042/
https://www.sciencedirect.com/science/article/pii/S0370269319304691?via=ihub
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N e u t r a l  L L P s  d e c a y i n g  t o  l e p t o n - j e t s
L e p t o n - j e t  =  h i g h l y - c o l l i m a t e d  g r o u p i n g  o f  
l e p t o n s  f r o m  a  l ow - m a s s  ( O ( G e V ) ) ,  b o o s t e d  
B S M  p a r t i c l e  l i k e  a  d a r k  p h o t o n  /  Z d a r k  

• C o n f o u n d s  s t a n d a r d  l e p t o n  i s o l a t i o n  c r i t e r i a
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-042/
https://www.sciencedirect.com/science/article/pii/S0370269319304691?via=ihub
https://arxiv.org/abs/1808.08865
http://arxiv.org/abs/1509.06765
https://doi.org/10.1103/PhysRevLett.124.041801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
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N e u t r a l  L L P s  d e c a y i n g  t o  l e p t o n - j e t s
L e p t o n - j e t  =  h i g h l y - c o l l i m a t e d  g r o u p i n g  o f  
l e p t o n s  f r o m  a  l ow - m a s s  ( O ( G e V ) ) ,  b o o s t e d  
B S M  p a r t i c l e  l i k e  a  d a r k  p h o t o n  /  Z d a r k  

• C o n f o u n d s  s t a n d a r d  l e p t o n  i s o l a t i o n  c r i t e r i a

AT L A S - C O N F - 2 0 1 6 - 0 4 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-042/
https://www.sciencedirect.com/science/article/pii/S0370269319304691?via=ihub
https://arxiv.org/abs/2311.18298
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N e u t r a l  L L P s  d e c a y i n g  t o  l e p t o n s

AT L A S  r e s u l t  u s i n g  t r a ck s  o n l y  i n  t h e  m u o n  s y s t e m  
—  c a n  s t i l l  p o i n t  b a ck  t owa r d  t h e  i n t e r a c t i o n  p o i n t  

f o r  s m a l l  d i s p l a c e m e n t s  o f  t h e  p o t e n t i a l  L L P   
P R D  9 9 ,  0 1 2 0 0 1  [ 2 0 1 9 ]
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M S - o n l y  t r a ck s  e x t r a p o l a t e d  b a ck  t o  
d i - m u o n  ve r t e x  a t  r v t x  =  2 . 2  c m

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012001
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D i s a p p e a r i n g  t r a c k s
C h a r g e d  B S M  L L P  d e c ay s  t o  n e u t r a l  B S M  
p a r t i c l e  w i t h  n e a r l y  d e g e n e ra t e  m a s s  a n d  a  
ve r y  l ow - m o m e n t u m  ch a r g e d  S M  p a r t i c l e  t h a t  
c u r ve s  a r o u n d  i n  t h e  m a g n e t i c  f i e l d  
— >  a  d i s a p p e a r i n g  t r a ck

R e c e n t  C M S  r e s u l t  ( S e p t .  2 0 2 3 )  s e t s  l i m i t s  i n  
t h e  c o n t e x t  o f  a  p a r t i c u l a r  S U S Y  m o d e l  

a r X iv : 2 3 0 9 . 1 6 8 2 3

http://arxiv.org/abs/2309.16823
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D e l a y e d  o r  n o n - p o i n t i n g  p h o t o n s
S i n g l e  p h o t o n s  o r  p a i r s  o f  p h o t o n s  t h a t  e n t e r  
t h e  e l e c t r o m a g n e t i c  c a l o r i m e t e r  ( E c a l )  a t  
u n u s u a l  a n g l e s  
• B e n ch m a r k  g a u g e - m e d i a t e d  S U S Y- b r e a k i n g  

s c e n a r i o  w i t h  l o n g - l i v e d  n e u t r a l i n o  
• C o m b i n a t i o n  o f  s t a n d a r d  p h o t o n  a n d  

d e d i c a t e d  t r i g g e r s  l o o k i n g  f o r  E c a l  
d e p o s i t s  w i t h  a n  e l l i p t i c a l  s h a p e  

• 2 0 1 9  r e s u l t  f r o m  C M S  w i t h  7 7 . 4 / f b  a t  1 3  
Te V

C M S ,  1 3  Te V  
P R D  1 0 0 ,  1 1 2 0 0 3  ( 2 0 1 9 )
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γγ, γ (13 TeV), -1) 77.4 fbσ 1 ±CMS expected (

γγ, γ (13 TeV), -1CMS observed 77.4 fb
γγ (8 TeV), -1ATLAS observed 20.3 fb

γ (7 TeV), -1CMS observed 4.9 fb
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https://doi.org/10.1103/PhysRevD.100.112003
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D e l a y e d  o r  n o n - p o i n t i n g  p h o t o n s
R e c e n t  AT L A S  s e a r ch  f o r  d i s p l a c e d  /  d e l aye d  p h o t o n s  o r  
e l e c t r o n s  f r o m  H i g g s  o r  Z  d e c ay s ,  wh e r e  t h e  H  o r  Z  i s  i t s e l f  
t h e  d e c ay  p r o d u c t  o f  a n  L L P  ( i n  t h e  c o n t e x t  o f  a  g a u g e -
m e d i a t e d  S U S Y- b r e a k i n g  m o d e l

AT L A S :  P R D  1 0 8  ( 2 0 2 3 )  1 ,  0 1 2 0 1 2

https://doi.org/10.1103/PhysRevD.108.012012
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Q u a s i - s t a b l e  c h a r g e d  p a r t i c l e s

AT L A S  [  J H E P  1 1  ( 2 0 2 3 )  1 1 2  ]  s e a r ch ,   
Au g .  2 0 2 3 ,  f o r  h i g h - e l e c t r i c - ch a r g e  o b j e c t s

S e e  a l s o  C M S  [  E X O - 1 6 - 0 3 6  ]  a n d  
L H C b  [  E P J C  ( 2 0 1 5 )  7 5 :  5 9 5  ]

A new high-electr ic-charge object  would sort  of  behave the 
opposi te of  an electron in ATLAS — would leave a road of  
high-threshold hi ts  in the t ransi t ion radiat ion t racker and 
very l i t t le shower in the electromagnetic calorimeter and 
wouldn’t  curve in the same way in the magnetic f ield 

Example:  A magnetic monopole with charge 68.5 t imes the 
electron charge (Dirac monopole argument)

Other BSM charged part icles can move much at  speeds much 
slower than the speed of  l ight  or  leave high ionizat ion 

ID them via atypical  ways that  the charged part icle interacts  
with the detector material

https://doi.org/10.1007/JHEP11(2023)112
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-036/index.html
https://link.springer.com/article/10.1140/epjc/s10052-015-3809-7
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H i g h - m u l t i p l i c i t y  n e u t r a l  L L P s  d e c a y i n g  h a d r o n i c a l l y :  E m e r g i n g  j e t s

Th u s ,  t h i s  i s  n e i t h e r  
p r o m p t  j e t s  n o r  a  p a i r  

o f  d i s p l a c e d  j e t s  
p o i n t i n g  t o  t h e  s a m e  
d i s p l a c e d  ve r t e x ,  b u t  

e m e r g i n g  j e t s
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d a r k  s e c t o r  w i t h  

c o m p l e x  dy n a m i c s :  
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https://link.springer.com/article/10.1007/JHEP05(2015)059
https://link.springer.com/article/10.1007/JHEP02(2019)179
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N e u t r a l  L L P s  d e c a y i n g  t o  
h a d r o n i c  j e t s

h

LLP

LLP

SM

SM

SM

SM

H a d r o n i c  L L P  d e c ay s  i n  d i f f e r e n t  p a r t s  o f  t h e  d e t e c t o r s  r e q u i r e  d i f f e r e n t  
s e a r ch  s t r a t e g i e s  

• I n n e r  t r a ck e r  — >  L o o k  f o r  d i s p l a c e d  m u l t i - t r a ck  ve r t i c e s  
• C a l o r i m e t e r s  — >  L o o k  f o r  l a r g e  E H a d  /  E E M  

• O u t e r  m u o n  s y s t e m  — >  L o o k  f o r  M S  ve r t e x  

AT L A S ,  C M S ,  a n d  L H C b  u s e  s l i g h t l y  d i f f e r e n t  a n d  c o m p l e m e n t a r y  
m e t h o d s  t o  i s o l a t e  s u ch  p o t e n t i a l  s i g n a l s

O n e  b e n ch m a r k  s c e n a r i o :   
h 1 2 5  — >  2 x L L P  — >  j e t s

AT L A S ,  M a rch  2 0 2 2 :  J H E P  0 6  ( 2 0 2 2 )  0 0 5

L H C b :  E P J C  7 7  ( 2 0 1 7 )  8 1 2
S e e  a l s o :  

C M S :  P R D  1 0 4  ( 2 0 2 1 )  1 ,  0 1 2 0 1 5

https://doi.org/10.1007/JHEP06(2022)005
https://link.springer.com/article/10.1140/epjc/s10052-017-5178-x
https://doi.org/10.1103/PhysRevD.104.012015
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J H E P  1 0  ( 2 0 1 8 )  0 3 1

W h e r e  d o  p r o m p t  a n d  l o n g - l i v e d  s e a r c h e s  m e e t ?
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A  d i s c ove r y  
c o u l d  b e  

h i d i n g  h e r e !

2 0 1 8

https://link.springer.com/article/10.1007/JHEP10(2018)031
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W h e r e  d o  p r o m p t  a n d  l o n g - l i v e d  s e a r c h e s  m e e t ?

AT L A S  L L P  s u m m a r y  p l o t s

2 0 2 2

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
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W h e r e  d o  p r o m p t  a n d  l o n g - l i v e d  s e a r c h e s  m e e t ?

AT L A S  L L P  s u m m a r y  p l o t s

2 0 2 2
S t a r t i n g  
t o  p l u g  

t h i s  
h o l e !

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
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W h e r e  d o  p r o m p t  a n d  l o n g - l i v e d  s e a r c h e s  m e e t ?

AT L A S  L L P  s u m m a r y  p l o t s

2 0 2 2
S t a r t i n g  
t o  p l u g  

t h i s  
h o l e !

A l l  o f  t h e s e  s e a r ch e s  a n d  
m o r e  w i l l  a l s o  b e  p u r s u e d  

a n d  e x p a n d e d  i n  t h e   
H L - L H C ,  b u t  t h e  d e t e c t o r s  
w i l l  s t ay  t h e  s a m e  s i z e …

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
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V e r y  l o n g - l i v e d  p a r t i c l e s  a t  t h e  L H C
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D e d i c a t e d  d e t e c t o r s  f o r  v e r y  l o n g - l i v e d  p a r t i c l e s  a t  t h e  L H C
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AT L A S  
o r  C M S

I P

S u r f a c e

R o ck  
a n d  d i r t

L H C  
b e a m

1 0 0  m

M AT H U S L A

FA S E R ,  Fo r wa r d  
P hy s i c s  Fa c i l i t y

M o E DA L ,  
FAC E T

C O D E X - b ,  
M i l l i Q a n ,  
A N U B I S
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P.  I l t e n

D e d i c a t e d  d e t e c t o r s  f o r  v e r y  l o n g - l i v e d  p a r t i c l e s  a t  t h e  L H C

https://indico.cern.ch/event/863077/contributions/3850629/attachments/2043952/3423788/codexb.pdf
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F A S E R  /  F A S E R n u

A  s m a l l - i s h  ( 7 m - l o n g ,  2 0 c m - w i d e )  
d e t e c t o r  a b o u t  0 . 5  k m  d ow n s t r e a m  

f r o m  AT L A S  t o  c a t ch  ve r y  f a r- f o r wa r d  
L L P s  t h a t  AT L A S  c a n ’ t  c a t ch
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A  s m a l l - i s h  ( 7 m - l o n g ,  2 0 c m - w i d e )  
d e t e c t o r  a b o u t  0 . 5  k m  d ow n s t r e a m  

f r o m  AT L A S  t o  c a t ch  ve r y  f a r- f o r wa r d  
L L P s  t h a t  AT L A S  c a n ’ t  c a t ch

Au g .  2 0 2 3 :  a r X iv : 2 3 0 8 . 0 5 5 8 7

Wa s  a p p r ove d  a n d  i n s t a l l e d  i n  t i m e  f o r  
L H C  R u n  3  a n d  h a s  a l r e a dy  p r o d u c e d  

r e s u l t s  ( h e r e  f o r  d a r k  p h o t o n s ) …

https://arxiv.org/abs/2308.05587
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Wa s  a p p r ove d  a n d  i n s t a l l e d  i n  t i m e  f o r  
L H C  R u n  3  a n d  h a s  a l r e a dy  p r o d u c e d  

r e s u l t s  ( h e r e  f o r  d a r k  p h o t o n s ) …

… i n c l u d i n g  t h e  f i r s t  c o l l i d e r  n e u t r i n o s  
e ve r  d i r e c t l y  d e t e c t e d

https://arxiv.org/abs/2308.05587
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M i l l i Q a n
S m a l l  ( 3 m  x  1 m 2)  d e t e c t o r  n e a r  C M S  
f o r  n e w  B S M  d a r k  f e r m i o n s  w i t h  ve r y  

s m a l l  a m o u n t  o f  e l e c t r i c  ch a r g e

D e m o n s t r a t o r  r a n  i n  R u n  2  w i t h  p hy s i c s  
r e s u l t s  [  P R D  1 0 2  ( 2 0 2 0 )  3 ,  0 3 2 0 0 2  ]  
a n d  t h i s  ye a r,  i n  R u n  3 ,  w i t h  d e t e c t o r  

i m p r ove m e n t s  —  r e s u l t s  s o o n

https://doi.org/10.1103/PhysRevD.102.032002
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M i l l i Q a n

M i l l i Q a n  v i s i t  a t  L L P 1 3  
wo r k s h o p  a t  C E R N  i n  

Ju n e  2 0 2 3
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M o E DA L  i s  t h e  L H C ’s  f i r s t  d e d i c a t e d  L L P  e x p e r i m e n t ,  
a p p r ove d  i n  2 0 1 0  a n d  t a k i n g  d a t a  s i n c e  2 0 1 5

M o E D A L  /  M o E D A L - M A P P

S h a r e s  t h e  c ave r n  w i t h  L H C b  a n d  
s e a r ch e s  f o r  m a g n e t i c  m o n o p o l e s  

a n d  h i g h l y - i o n i z i n g  p a r t i c l e s  

P r o p o s e d  e x t e n s i o n s  t o  s e a r ch  f o r  
n e u t r a l  L L P s  a n d  m i l l i ch a r g e d  

p a r t i c l e s ,  a . k . a .  M o E DA L - M A P P  
( 2 0 2 2  S n ow m a s s  c o n t r i b u t i o n )

V
. M

itso
u

https://arxiv.org/abs/2209.03988
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M AT H U S L A  

A  b i g  ( 1 0 0 m  x  1 0 0 m  x  2 5 m ) ,   
m o s t l y - e m p t y  b o x  n e a r  t h e  s u r f a c e  

a b ove  C M S  t o  c a t ch  d i s p l a c e d  ve r t i c e s  

P hy s i c s  c a s e  d o c u m e n t  
L e t t e r  o f  I n t e n t

P r o p o s e d ,  w i t h  a  d e m o n s t r a t o r

C O D E X - b  

A  m e d i u m - s i z e d  ( 1 0 m 3)  d e t e c t o r  
f o r  n e u t r a l  L L P  d e c ay s  a  f e w  

m e t e r s  f r o m  L H C b

B u i l d i n g  a  d e m o n s t r a t o r,  C O D E X - ß ,  r i g h t  
n ow,  t o  h o p e f u l l y  t a k e  d a t a  i n  R u n  3

D e d i c a t e d  d e t e c t o r s  f o r  l o n g - l i v e d  p a r t i c l e s  a t  t h e  L H C

https://doi.org/10.1088/1361-6633/ab28d6
https://cds.cern.ch/record/2631491
https://indico.cern.ch/event/1216822/timetable/#9-update-on-the-codex-b-experi
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D e d i c a t e d  d e t e c t o r s  f o r  l o n g - l i v e d  p a r t i c l e s  a t  t h e  L H C

A N U B I S  

P r o p o s a l  t o  i n s t r u m e n t  b o t t o m  o f  a c c e s s  
s h a f t s  a b ove  AT L A S  c ave r n ,  a s  w e l l  a s  

c ave r n  c e i l i n g

P r o A N U B I S  i n s t a l l e d  i n  M a rch  2 0 2 3  

C o m m i s s i o n i n g  n ow

S N D @ L H C  

A b o u t  0 . 5  k m  away  f r o m  AT L A S  o n  t h e  s i d e  
o p p o s i t e  FA S E R ,  s e n s i t i v e  t o  s i m i l a r  t h i n g s

A l r e a dy  i n s t a l l e d  a n d  h a s  a l s o  a l r e a dy  
s e e n  t h e  f i r s t  c o l l i d e r  n e u t r i n o s :  

a r X iv : 2 3 0 5 . 0 9 3 8 3

https://indico.cern.ch/event/1216822/timetable/#52-installation-of-anubis-prot
https://arxiv.org/abs/2305.09383
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F o r w a r d  P h y s i c s  F a c i l i t y

P r o p o s a l  f o r  a  n e w  f a c i l i t y,  a b o u t  6 0 0  m  f r o m  
AT L A S ,  t o  h o u s e  m u l t i p l e  e x p e r i m e n t s  

d e d i c a t e d  t o  L L P  s e a r ch e s  i n  t h e  f o r wa r d  r e g i o n

P r o p o s e d  f o r  t h e  H i g h - L u m i n o s i t y  
L H C  ( H L - L H C ) ,  2 0 2 7  o r  l a t e r  

a r X iv : 2 2 0 3 . 0 5 0 9 0

https://doi.org/10.48550/arXiv.2203.05090
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F o r w a r d  P h y s i c s  F a c i l i t y
J. B

o
y

d

P hy s i c s  c a s e  i s  s t r o n g ;  a s  
w e ’ve  s e e n ,  m o s t  o f  t h e s e  

h ave  p r e d e c e s s o r s  t h a t  
a l r e a dy  h ave  r e s u l t s

G o a l  i s  t o  s u b m i t  
L e t t e r  o f  I n t e n t  t o  

L H C C  i n  e a r l y  2 0 2 5

F
o

r 
F

L
A

rE
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c
f.

 
L

U
X

E
 a

t 
D

E
S

Y

S i t e  i nve s t i g a t i o n s  o n g o i n g  
( a l r e a dy  d r i l l e d   

1 0 0 - m e t e r- d e e p  e a r t h  c o r e s )

https://indico.cern.ch/event/1216822/timetable/#45-update-on-the-planned-forwa
https://indico.cern.ch/event/1216822/timetable/#12-probing-new-physics-at-the
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L L P s  f r o m  t h e  S P S  a t  C E R N
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L L P s  f r o m  t h e  S P S  a t  C E R N

NA 6 4  

U s e s  1 0 0  G e V  e l e c t r o n  b e a m  t o  s e a r ch  
f o r  d a r k  s e c t o r  p a r t i c l e s  i n  t h e  M e V-
G e V  r a n g e  u s i n g  a c t i v e - b e a m - d u m p  

p l u s  m i s s i n g - e n e r g y  a p p r o a ch  

R e c e n t  l i g h t  d a r k  m a t t e r  r e s u l t :  
P R L  1 3 1  ( 2 0 2 3 )  1 6 ,  1 6 1 8 0 1

NA 6 2  

2 5 0 - m e t e r- l o n g  e x p e r i m e n t  t h a t  u s e s   
4 5 0  G e V  p r o t o n s  f r o m  S P S  t o  d o   

p r e c i s i o n  m e a s u r e m e n t s  o f  k a o n  d e c ay s   
a n d  a l s o  s e a r ch  f o r  B S M  L L P s  

N e w  e x o t i c s  d e c ay s  r e s u l t s  ( S e p t .  2 0 2 3 ) :  
Po S  F P C P 2 0 2 3  ( 2 0 2 3 )  0 7 3

https://doi.org/10.1103/PhysRevLett.131.161801
https://doi.org/10.22323/1.445.0073
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L L P s  f r o m  t h e  S P S  a t  C E R N
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R e c e n t  l i g h t  d a r k  m a t t e r  r e s u l t :  
P R L  1 3 1  ( 2 0 2 3 )  1 6 ,  1 6 1 8 0 1

NA 6 2  

2 5 0 - m e t e r- l o n g  e x p e r i m e n t  t h a t  u s e s   
4 5 0  G e V  p r o t o n s  f r o m  S P S  t o  d o   

p r e c i s i o n  m e a s u r e m e n t s  o f  k a o n  d e c ay s   
a n d  a l s o  s e a r ch  f o r  B S M  L L P s  

N e w  e x o t i c s  d e c ay s  r e s u l t s  ( S e p t .  2 0 2 3 ) :  
Po S  F P C P 2 0 2 3  ( 2 0 2 3 )  0 7 3

NA 6 4

https://doi.org/10.1103/PhysRevLett.131.161801
https://doi.org/10.22323/1.445.0073
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L L P s  f r o m  t h e  S P S  a t  C E R N

NA 6 2  

C u r r e n t l y  i n  a  h a l l  c a l l e d  E C N 3  i n  t h e  
N o r t h  A r e a  a t  C E R N ,  b u t  a p p r ove d  t o  

o p e r a t e  u n t i l  L H C  L o n g  S h u t d ow n  3 ,  f r o m  
2 0 2 6 - 2 0 2 8  

W h a t  t o  d o  w i t h  E C N 3  —  wh i ch  h a s  a n  
e x c e l l e n t  b e a m  —  a f t e r wa r d ?

NA 6 4

N o t a  b e n e :
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L L P s  f r o m  t h e  S P S  a t  C E R N

S H i P  

O r i g i n a l l y  p r o p o s e d  a s  a  n e w  s t a n d a l o n e  
f a c i l i t y  ( n e w  b e a m l i n e  a n d  h a l l )  a t  C E R N ;  n ow  a  
p r o p o s a l  f o r  a  b e a m - d u m p  e x p e r i m e n t  i n  E C N 3  

R e c e n t  ( J u n e  2 0 2 3 )  t a l k

S H A D OW S  

P r o p o s e d  b e a m - d u m p  e x p e r i m e n t  t o  b e  
i n s t a l l e d  i n  E C N 3 ,  t o  s e a r ch  f o r  B S M  L L P s  

s u ch  a s  A L P s ,  H N L s ,  d a r k  s c a l a r s  

a r X iv : 2 1 1 0 . 0 8 0 2 5

D e c i s i o n  a b o u t  wh a t  t o  d o  w i t h  E C N 3  w i l l  b e  m a d e  i n  M a rch  2 0 2 4  

O c t .  2 0 2 3  p a p e r  d i s c u s s i n g  t h i s :  a r X iv : 2 3 1 0 . 1 7 7 2 6

E C N 3 ,  C E R N  N o r t h  A r e a

https://indico.cern.ch/event/1216822/timetable/#47-ship
https://doi.org/10.48550/arXiv.2110.08025
https://doi.org/10.48550/arXiv.2310.17726
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L L P s  f r o m  t h e  S P S  a t  C E R N  —  P r o t o D U N E

Th o m a s  S t r u t h ,  2 0 2 3

https://www.maxhetzler.com/exhibitions/thomas-struth-2023
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L L P s  f r o m  t h e  S P S  a t  C E R N  —  P r o t o D U N E

Th o m a s  S t r u t h ,  2 0 2 3

P r o t o D U N E  

P r o t o t y p e  c r yo s t a t s  a t  
C E R N ,  p r e p a r i n g  f o r  t h e  

f u l l  D U N E  n e u t r i n o  
e x p e r i m e n t  i n  t h e  U . S . ,  
c a n  b e  u s e d  a s  a  b e a m -
d u m p  f a c i l i t y  t o  s e a r ch  

f o r  B S M  L L P s  ( H N L s ,  d a r k  
m a t t e r,  m i l l i ch a r g e d  

p a r t i c l e s ,  e t c . )

https://www.maxhetzler.com/exhibitions/thomas-struth-2023
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L L P s  f r o m  t h e  S P S  a t  C E R N  —  P r o t o D U N E

Th o m a s  S t r u t h ,  2 0 2 3

P r o t o D U N E  

P r o t o t y p e  c r yo s t a t s  a t  
C E R N ,  p r e p a r i n g  f o r  t h e  

f u l l  D U N E  n e u t r i n o  
e x p e r i m e n t  i n  t h e  U . S . ,  
c a n  b e  u s e d  a s  a  b e a m -
d u m p  f a c i l i t y  t o  s e a r ch  

f o r  B S M  L L P s  ( H N L s ,  d a r k  
m a t t e r,  m i l l i ch a r g e d  

p a r t i c l e s ,  e t c . )

P r o j e c t e d  H N L  s e n s i t i v i t y  f o r  ~ 6  
m o n t h s  o f  r u n n i n g  

a r X iv : 2 3 0 4 . 0 6 7 6 5

https://www.maxhetzler.com/exhibitions/thomas-struth-2023
https://arxiv.org/abs/2304.06765
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S h o r t  B a s e l i n e  N e u t r i n o  P r o g r a m  a t  F e r m i l a b

Th r e e  l i q u i d  a r g o n  n e u t r i n o  
d e t e c t o r s  a l o n g  t h e  B o o s t e r  

N e u t r i n o  B e a m  ( B N B )  

D e s i g n e d  t o  p r e p a r e  f o r  D U N E ,  
b u t  c a n  a l s o  b e  u s e d  f o r  B S M  L L P s  

R e s u l t s  e x p e c t e d  s o o n ( ? )

P
R

D
 1

0
0

, 1
1

5
0

3
9

P r o j e c t i o n s  f o r  
H i g g s  p o r t a l  

s c a l a r,  f o r  
e x a m p l e ,  b u t  

o t h e r  s c e n a r i o s ,  
a s  w e l l

S e e  a l s o  D a r k Q u e s t ,  DA M S A

https://doi.org/10.1103/PhysRevD.100.115039
https://doi.org/10.48550/arXiv.2203.08322
https://indico.cern.ch/event/1216822/timetable/#51-damsa
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L L P s  i n  J a p a n

S U B M E T  a t  J - PA R C  

S e a r ch  f o r  m i l l i ch a r g e d  p a r t i c l e s  i n s p i r e d  by  
M i l l i Q a n  ( w i t h  s o m e  o f  t h e  s a m e  p e o p l e )  

S t a g e  2  a p p r ova l  a l r e a dy  g i ve n  

R e c e n t  t a l k

B e l l e - I I  a t  
S u p e r K E K B  

Clean e+e- 
environment at  

SuperKEKB al lows 
for substant ial  

probing of  many 
dark sector 
s ignatures…

S u p e r- K a m i o k a n d e  

L o n g - l i v e d  l i g h t  A L P s  p r o d u c e d  f r o m  
a i r  s h ow e r s ,  t r ave l  t owa r d s  t h e  E a r t h ’s  
s u r f a c e ,  a n d  d e c ay  i n t o  t wo  p h o t o n s  

i n s i d e  S u p e r- K a m i o k a n d e  

a r X iv : 2 2 0 8 . 0 5 1 1 1
… i n c l u d i n g  d a r k  Q C D  

a r X iv : 2 2 0 3 . 0 8 8 2 4

https://indico.cern.ch/event/1216822/timetable/#11-status-of-submet-at-j-parc
https://doi.org/10.48550/arXiv.2208.05111
https://doi.org/10.48550/arXiv.2203.08824
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S n ow m a s s  “ a c c e l e r a t o r- b a s e d  d a r k  s e c t o r  s e a r ch e s ”  r e p o r t :  
a r X iv : 2 2 0 6 . 0 4 2 2 0

L L P s

B r o a d  i n t e r n a t i o n a l  e f f o r t

https://doi.org/10.48550/arXiv.2206.04220
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F I P s  2 0 2 2  wo r k s h o p  r e p o r t  
a r X iv : 2 3 0 5 . 0 1 7 1 5

T h i s  i s  w h a t  I  m e a n  b y  c a r t o g r a p h y

D a r k  p h o t o n  ( A’ ) M i l l i ch a r g e d  p a r t i c l e s

https://arxiv.org/abs/2305.01715
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W e ’ r e  s t i l l  l e a r n i n g  a b o u t  L L P s  f r o m  p a s t  e x p e r i m e n t s

B E B C  

B e a m  d u m p  e x p e r i m e n t  o n  t h e  S P S  f r o m  
1 9 8 2 ,  r e c e n t l y  w i t h  r e s u l t s  r e - a n a l y z e d  

f o r  B S M  s i g n a t u r e s

S c i Po s t  P hy s .  1 0  ( 2 0 2 1 )  2 ,  0 4 3  
S c i Po s t  P hy s .  1 3  ( 2 0 2 2 )  1 1 8  

A R G O N E U T  

Wa s  t h e  f i r s t  L A r T P C  i n  a  n e u t r i n o  b e a m  i n  t h e  
U . S .  ( Fe r m i l a b ) ,  d e s i g n e d  a s  a  t e s t  e x p e r i m e n t  

t h a t  t o o k  d a t a  i n  2 0 0 9 - 2 0 1 0 ,  r e c e n t l y  r e -
a n a l y z e d  f o r  B S M  L L P  s i g n a t u r e s

P R L  1 2 4 ,  1 3 1 8 0 1 ,  P R L  1 2 7 ,  1 2 1 8 0 1 ,  P R L  1 3 0 ,  2 2 1 8 0 2

https://doi.org/10.21468/SciPostPhys.10.2.043
https://doi.org/10.21468/SciPostPhys.13.5.118
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.221802
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L o o k i n g  f o r w a r d  t o  L L P s  i n  t h e  f u t u r e

Disappearing t racks at  a future 
Muon Coll ider at  10 TeV 

JHEP 06 (2021) 133

Discussions already well  underway to ensure LLP 
signatures are covered at  future machines,  including 
digging caverns for  very LLPs at  FCC, both ee and hh 

Snowmass s tudy for FCC-ee;  CLIC 
See also:  DELIGHT, FOREHUNT for FCChh

https://doi.org/10.1007/JHEP06(2021)133
https://doi.org/10.48550/arXiv.2203.05502
https://indico.cern.ch/event/958135/contributions/4038438/attachments/2113712/3556608/UlrikeSchnoor_LLP_DM_CLIC.pdf
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We’re in a new era of  part icle physics 

Big open quest ions but no big,  obvious hints  

Embrace and celebrate the fact  that   
exper imental  col l ider physics is  cartography  

We need to look everywhere ( l ike astronomy) 

What are were we missing? The l i fet ime front ier  

The next  few years and decades wil l  be exci t ing END


