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N e w  p h y s i c s  i n  2 0 1 9
O u r  c u r r e n t  e x t e n s i ve  l o o k  a t  1 3  Te V  y i e l d s  i m p r e s s i ve  a g r e e m e n t  w i t h  

S t a n d a r d  M o d e l  e x p e c t a t i o n s  a n d  n o  u n a m b i g u o u s  r e s o n a n c e s  o r  e x c e s s e s

Th e r e  a r e  n o  m o r e  g u a r a n t e e s  ( l i k e  a  
s o u rc e  o f  e l e c t r ow e a k  s y m m e t r y  b r e a k i n g  
“ j u s t  a r o u n d  t h e  c o r n e r ” )  a n d  n o  a c e - i n -

t h e - h o l e  m o t i va t i o n s  f o r  s o m e  s p e c i f i c  
s e a r ch  o r  e x p e r i m e n t ;  j u s t  h u g e  o p e n  

q u e s t i o n s ,  b e c a u s e  w e  know  t h e  S M  i s  
i n c o m p l e t e .    

R e q u i r e s  u s  t o  s h i f t  f r o m  t h e o r y - d r i ve n  
s e a r ch  s t r a t e g i e s  t o  s i g n a t u r e - d r i ve n  o n e s .

?

W I M P  d a r k  m a t t e r  i n  t e n s i o n ,  l a ck  o f  e v i d e n c e  f o r  m i n i m a l  S U S Y,  l a ck  o f   
t w e n t y - j e t  e ve n t s  f i l l e d  w i t h  s t r o n g  g r av i t y,  e t c . ,  c o m p e l s  u s  t o  sw i t ch  f r o m  pa r t i c l e -

hun t e r  m i n d s e t  t o  ca r t o g r aphe r  m i n d s e t  

W h e r e  c o u l d  t h e  n e w  p hy s i c s  b e  h i d i n g ?   W h a t  a r e  w e  ove r l o o o k i n g  o r  m a r g i n a l i z i n g ?
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https://link.springer.com/article/10.1140/epjc/s10052-018-5686-3
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T h e  l i f e t i m e  f r o n t i e r

L a r g e  m a j o r i t y  o f  o u r  
s e a r ch e s  a n d  a n a l y s i s  

s t r a t e g i e s  a t  t h e  L H C  a n d  
b e yo n d  a s s u m e  t h e  n e w  

p a r t i c l e  d e c ay s  p r o m p t l y  

Pa r t i c l e  l i f e t i m e s  i n  t h e  S M  
s p a n  a  ve r y  w i d e  r a n g e  a n d  

l o n g  l i f e t i m e s  c a n  g e n e r i c a l l y  
a p p e a r  i n  B S M  t h e o r i e s  
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We ’ve  b e e n  d o i n g  L L P  s e a r ch e s  
s i n c e  d ay  o n e  o f  t h e  L H C  ( a n d  a t  

L E P,  &  Te va t r o n ) ,  b u t  u n t i l  ~ 2 0 1 6 ,  
t h e y  w e r e  a l way s  c o n s i d e r e d  

f r i n g e ,  a n d  t h e y  s t i l l  m a k e  u p  l e s s  
t h a n  1 0 %  o f  o u r  “ e x o t i c ”  s e a r ch e s  

a t  AT L A S / C M S / L H C b .  

B u t  t h e  p a r a d i g m  i s  i n d e e d  
s h i f t i n g ,  a n d  yo u  a r e  a  p a r t  o f  i t !

https://indico.cern.ch/event/517268/timetable/#7-lep-legacy-123
https://indico.cern.ch/event/517268/timetable/#8-tevatron-legacy-123
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S h i f t i n g  p a r a d i g m s  i s  a n  u p h i l l  b a t t l e
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S h i f t i n g  p a r a d i g m s  i s  a n  u p h i l l  b a t t l e

M e :
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Th e  wo r l d  i s  wa t ch i n g  

A r t i c l e  i n  S c i e n c e  N e w s  
a b o u t  o u r  M ay  L L P  
wo r k s h o p  a t  C E R N  

2 2  M ay  2 0 1 9

https://www.sciencemag.org/news/2019/05/atom-smasher-could-be-making-new-particles-are-hiding-plain-sight
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B a c k g r o u n d  r e a d i n g

L H C  L L P  C o m m u n i t y   
w h i t e  p a p e r  

a r X i v : 1 9 0 3 . 0 4 4 9 7  
( p r o v i s i o n a l l y  a c c e p t e d  f o r  
p u b l i c a t i o n  i n  J .  P h y s .  G )

Th e  L H C  L L P  wh i t e  p a p e r  wa s  d e s i g n e d  t o  b e  a  c o m p r e h e n s i ve  d o c u m e n t  —  a  c o m b i n a t i o n  r e v i e w  p a p e r,  
s e t  o f  r e c o m m e n d a t i o n s ,  a c c o u n t i n g  o f  o p e n  d i s c ove r y  p o s s i b i l i t i e s ,  r e c o r d  o f  a c c u m u l a t e d  k n ow l e d g e ,  

a n d  s p e c u l a t i o n  f o r  t h e  f u t u r e  —  t h a t ,  c o m b i n e d  w i t h  t h e  M AT H U S L A  p hy s i c s  c a s e  d o c u m e n t  a n d  t h e  P B C  
B S M  W G  r e p o r t ,  s e r ve s  a s  t h e  d e f i n i t i v e  g u i d e  t o  L L P  s e a r ch e s  a t  t h e  L H C  a n d  b e yo n d

M A T H U S L A  p h y s i c s   
c a s e  d o c u m e n t  

a r X i v : 1 8 0 6 . 0 7 3 9 6  
( a c c e p t e d  f o r  

p u b l i c a t i o n  i n  R e p o r t s  
o n  P r o g r e s s  i n  P h y s i c s )

P B C  B S M  W G  r e p o r t  
a r X i v : 1 9 0 1 . 0 9 9 6 6  ( t o  b e  

s u b m i t t e d  f o r  p u b l i c a t i o n  
i n  J .  P h y s .  G )

https://arxiv.org/abs/1903.04497
https://arxiv.org/abs/1806.07396
https://arxiv.org/abs/1901.09966
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J .  P i n f o l d  t a l k

T h e  f u t u r e  i s  n o w

http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/06_pinfold.pdf
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L e v e r a g i n g  t h e  g l o b a l  c o m m u n i t y
Wo r k s h o p s  l i k e  t h i s  a r e  a  v i t a l  

c o m p o n e n t  o f  t h e  g l o b a l  e f f o r t  t owa r d  
e n s u r i n g  t h a t  “ e x o t i c ”  s h i f t s  f r o m  

m e a n i n g  “ w e i r d ”  t o  m e a n i n g  
“ m a p p i n g  t h e  u n k n ow n ,   

a s  i s  o u r  d u t y  a s  p hy s i c i s t s ”  

Th i s  p a r t i c u l a r  wo r k s h o p  h a s  t h e  
u n i q u e  f u n c t i o n  o f  h i g h l i g h t i n g  t h e  
r e s e a r ch  p r o g r a m s  o f  s o u t h e a s t  A s i a  

a n d  L a t i n  A m e r i c a ,  a s  a  j o i n t  
wo r k s h o p  o f  I C I S E  a n d  C B P F,  a n d  

w e ’r e  f o r t u n a t e  t o  b e  a b l e  t o  d o  s o  
w i t h  m a ny  o f  t h e  p i o n e e r s  o f  t h e s e  

s e a r ch e s  h e r e  i n  p e r s o n  

We  l e a r n e d  ( o r  w e r e  r e m i n d e d  o f )  
m a ny  l e s s o n s  t h r o u g h o u t  t h e  l a s t   

f o u r  d ay s
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L e s s o n  # 1 :  L L P s  a r e  g e n e r i c  a n d  u b i q u i t o u s
J .  Fe n g  r e m i n d e d  u s  t h a t  L L P s  —  B S M  

p a r t i c l e s  w i t h  l i f e t i m e s  l o n g e r  t h a n  wh a t  
w e ’d  c o n s i d e r  “ p r o m p t ”  a t ,  e . g . ,  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  —  a r i s e  ve r y  n a t u r a l l y  

f r o m  b a s i c  t h e o r e t i c a l  c o n s i d e r a t i o n s …  

… e s p e c i a l l y  t h o s e  w i t h  c o s m o l o g i c a l  
s i g n f i c a n c e

L L P s  f e a t u r e  n a t u r a l l y  i n  i d e a s  
c o n n e c t i n g  p a r t i c l e  p hy s i c s  

a n d  c o s m o l o g y  —  a n d  
s o m e t i m e s  o u r  “ s t a n d a r d ”  

a s s u m p t i o n s  a r e  m i s g u i d e d !

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/01_feng.pptx
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L e s s o n  # 2 :  L L P  s e a r c h e s  a t  A T L A S / C M S / L H C b  a r e  o n  f i r e …

J .  A l i m e n a  t a l k

D e s p i t e  ch a l l e n g e s  i n h e r e n t  t o  t h e s e  
s e a r ch e s ,  m a ny  d e d i c a t e d ,  i nve n t i v e  

p e o p l e  a n d  t e a m s  c o n t i n u e  t o  m a k e  g r e a t  
p r o g r e s s ,  i n c l u d i n g  s e ve r a l  s e a r ch e s  
a l r e a dy  u s i n g  t h e  f u l l  R u n  2  d a t a s e t
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A .  M o r r i s  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/02_alimena.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/05_sfar.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/06_depaula.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/07_morris.pdf
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L e s s o n  # 3 :  … a n d  t h e y ’ r e  j u s t  g o i n g  t o  g e t  h o t t e r

P l a n s  f o r  R u n  3  a n d  H L - L H C  
u p g ra d e s  p r o m i s e  t o  g r e a t l y  i m p r ove  

o u r  a b i l i t y  t o  d e t e c t  L L P sL .  d e  Pa u l a  t a l k

A .  M o r r i s  t a l k

J .  A l i m e n a  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/06_depaula.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/07_morris.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/02_alimena.pdf
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L e s s o n  # 4 :  L L P  s e a r c h e s  d o n ’ t  e n d  a t  t h e  o u t e r  e d g e s  o f  A T L A S / C M S / L H C b

C O D E X - b :  C .  Yo u n g  t a l k M AT H U S L A :  H .  L u b a t t i  t a l k

M i l l i Q a n :  A .  d e  R o e ck  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/03_young.pptx
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/07_lubatti.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/04_deroeck.pdf
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L e s s o n  # 4 :  L L P  s e a r c h e s  d o n ’ t  e n d  a t  t h e  o u t e r  e d g e s  o f  A T L A S / C M S / L H C b

C .  Yo u n g  t a l k

FA S E R :  J .  Fe n g  t a l k M o E DA L / M A P P :  J .  P i n f o l d  t a l k

Fo r wa r d  e x p e r i m e n t s :  A .  M o ra e s  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/03_young.pptx
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/05_feng.pptx
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/06_pinfold.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/10_moraes.pdf
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L e s s o n  # 5 :  E x p e r i m e n t s  b e y o n d  c o l l i d e r s  a r e  n e c e s s a r y  f o r  a  
c o m p r e h e n s i v e  L L P  r e s e a r c h  p r o g r a m

A .  d e  R o e ck  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/04_deroeck.pdf
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S H i P :  I a .  B e z s hy i k o  t a l k

L e s s o n  # 5 :  E x p e r i m e n t s  b e y o n d  c o l l i d e r s  a r e  n e c e s s a r y  f o r  a  
c o m p r e h e n s i v e  L L P  r e s e a r c h  p r o g r a m

NA 6 2 :  A .  S h a i k h i e v  t a l k NA 6 4 :  L .  M o l i n a  B u e n o  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/09_bezshyiko.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/11_shaikhiev.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/08_molina.pdf
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L e s s o n  # 6 :  T h e  q u e s t  f o r  d a r k  m a t t e r  ( D M )  i s  l e a d i n g  i n  a  
m u l t i p l i c i t y  o f  d i r e c t i o n s

M .  D r e w e s  t a l k

Wi n o  D M :  S .  S h i r a i  t a l k J .  R a n i  Ko m a ra g i r i  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/09_drewes.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/02_shirai.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/03_komaragiri.pdf
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L e s s o n  # 6 :  T h e  q u e s t  f o r  d a r k  m a t t e r  ( D M )  i s  l e a d i n g  i n  a  
m u l t i p l i c i t y  o f  d i r e c t i o n s

A  s t a b l e  s e x a q u a r k  a s  D M :  G .  Fa r r a r  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/01_farrar.pdf
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L e s s o n  # 6 :  T h e  q u e s t  f o r  d a r k  m a t t e r  ( D M )  i s  l e a d i n g  i n  a  
m u l t i p l i c i t y  o f  d i r e c t i o n s

Tr i p l e  D M  f r o m  a  g a u g e d  2 H D M :   
R .  R a m o s  t a l k

A x i o n  D M  s e a r ch  a t  CA P P :   
S .  Yo u n  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/01_farrar.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/02_youn.pptx
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L e s s o n  # 7 :  D a r k  p h o t o n s ;  a x i o n s ;  A L P s ;  l i g h t ,  i n v s i b l e  p a r t i c l e s  
a r e  b e i n g  p u r s u e d  w i t h  v i g o r

B e l l e  I I :  I .  J a e g l é  t a l k A L P s  a t  t h e  L H C :  K .  To b i o k a  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/08_jaegle.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/03_tobioka.pdf
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L e s s o n  # 7 :  D a r k  p h o t o n s ;  a x i o n s ;  A L P s ;  l i g h t ,  i n v s i b l e  p a r t i c l e s  
a r e  b e i n g  p u r s u e d  w i t h  v i g o r

P l a n s  t o  s e a r ch  f o r  
d e v i a t i o n s  f r o m  

e x p e c t e d  B R s  i n  hy p e r o n  
d e c ay  m o d e s  a t  B E S I I I :  

J .  Ta n d e a n  t a l k

C P - v i o l a t i n g  d a r k  p h o t o n  t e s t s :   
G .  L i  t a l k

Ti m e - d e l aye d  L L P  s i g n a l s  
f r o m  d a r k  p h o t o s  w i t h  t h e  
p l a n n e d  C M S  t i m i n g  l aye r :  

V. Q.  Tr a n  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/04_tandean.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/06_li.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/07_tran.pdf
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L e s s o n  # 8 :  N e a r l y - d a r k  m i r r o r  s t a r s ?  P o s s i b l y !

D.  C u r t i n  t a l k

http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/10_moraes.pdf
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L H C  L o n g - L i v e d  P a r t i c l e  C o m m u n i t y

… i n  c o l l a b o ra t i o n  w i t h  t h e  t h e o r y / p h e n o  c o m m u n i t y  a n d  
M o E DA L ,  M i l l i Q a n ,  M AT H U S L A ,  FA S E R ,  C O D E X - b ,  A L 3 X ,  e t c .

Wo r k s h o p s  —   
t wo  p e r  ye a r

Join the CERN egroup: lhc-l lp cern.ch/ longlivedpart icles 

Fo r m e d  t o  a d d r e s s  o n e  q u e s t i o n :  
H ow  d o  w e  b e s t  e n s u r e  t h a t  w e  d o n ' t  m i s s  B S M  L L P  

s i g n a t u r e s  f o r  t h e  r e m a i n d e r  o f  t h e  L H C  p r o g r a m ?

L H C  L L P  w h i t e  p a p e r :  
1 1  M a r c h  2 0 1 9  —  a r X i v : 1 9 0 3 . 0 4 4 9 7  

A c c e p t e d  f o r  p u b l i c a t i o n  i n  J .  P h y s .  G

https://longlivedparticles.web.cern.ch/node/26
http://cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-llp
http://cern.ch/longlivedparticles
https://arxiv.org/abs/1903.04497
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L H C  L o n g - L i v e d  P a r t i c l e  C o m m u n i t y

… i n  c o l l a b o ra t i o n  w i t h  t h e  t h e o r y / p h e n o  c o m m u n i t y  a n d  
M o E DA L ,  M i l l i Q a n ,  M AT H U S L A ,  FA S E R ,  C O D E X - b ,  A L 3 X ,  e t c .

Wo r k s h o p s  —   
t wo  p e r  ye a r

Join the CERN egroup: lhc-l lp cern.ch/ longlivedpart icles 

Fo r m e d  t o  a d d r e s s  o n e  q u e s t i o n :  
H ow  d o  w e  b e s t  e n s u r e  t h a t  w e  d o n ' t  m i s s  B S M  L L P  

s i g n a t u r e s  f o r  t h e  r e m a i n d e r  o f  t h e  L H C  p r o g r a m ?

L H C  L L P  w h i t e  p a p e r :  
1 1  M a r c h  2 0 1 9  —  a r X i v : 1 9 0 3 . 0 4 4 9 7  

A c c e p t e d  f o r  p u b l i c a t i o n  i n  J .  P h y s .  G

L o c a t i o n  o f  wo r k s h o p  f o r  f a l l  o f  
2 0 1 9  t o  b e  d e t e r m i n e d  ve r y  s o o n  

I f  yo u ’r e  n o t  o n  t h e  l h c - l l p  
e g r o u p ,  p l e a s e  j o i n !

https://longlivedparticles.web.cern.ch/node/26
http://cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-llp
http://cern.ch/longlivedparticles
https://arxiv.org/abs/1903.04497
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C o n c l u s i o n s

The future of  part icle physics is  long-l ived! 

Successful  establ ishment of  a wide range of  resul ts  
consis tent  with SM expectat ions requires us to shi f t  

f rom theory-driven to s ignature-driven search strategies 

Our duty is  to explore the unknown; this  means 
s t retching our current  detectors at  the LHC to the l imits  

of  their  discovery potential  at  13/14 TeV, with a 
renewed focus on LLP signatures,  i r respect ive of  theory 

model or motivat ion,  as well  as ful ly exploring the 
l i fet ime frontier  with dedicated detectors using part icles 

produced at  the main LHC interact ion points  and 
experiments beyond coll iders — and  keeping a close 

connection to astrophysics and cosmology 

Long-l ived part icle s ignatures,  previously regarded as 
f r inge ef for ts ,  are taking their  place within the central  

set  of  BSM searches at  the LHC and beyond
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1)  This  was a joint  ICISE-CBPF workshop, 
intended to both build bridges among the 
physics communit ies of  southeast  Asia and 
Lat in American and to provide an inter face with 
the global community of  those interested in 
very forward-thinking exotic BSM physics,  
part icular ly involving long-l ived part icle 
s ignatures at  col l iders and beyond.  The 
response and part icipat ion at  this  workshop has 
been very posi t ive,  so i t  would be wonderful  to 
fol low up with a second version in Brazi l .   
When and where?

Ja m e s  B e a ch a m  [ D u k e ]

I t e m s  f o r  d i s c u s s i o n
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2)  What are we missing? 

• A broader discussion of  the general  classes of  
models that  yield dark showers at  col l iders,  and 
their  phenomenology,  would be very welcome 
(see Ch. 7 of  the LHC LLP Community white 
paper)  

• Very di f ferent  al ternat ives to dark matter  
paradigms — i .e. ,  not  even part icle dark matter  
— could provide valuable counterpoints  

• Substant ial  (but  incomplete)  work and thought 
has gone toward very exotic and LLP searches at  
future col l iders (FCC-xx,  CEPC, CLIC/ILC);  
including this  community ensures a coherent 
approach toward shi f t ing the at t i tude of  HEP in 
general

J a m e s  B e a ch a m  [ D u k e ]

I t e m s  f o r  d i s c u s s i o n

https://arxiv.org/abs/1903.04497
https://arxiv.org/abs/1903.04497
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3)  What quest ions have we raised at  this  
workshop that  need to be fol lowed up on or 
focused on for the near future?

J a m e s  B e a ch a m  [ D u k e ]

I t e m s  f o r  d i s c u s s i o n
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4)  As we’ve seen repeatedly this  week — and as 
you know — the connections between HEP and 
astrophysics and cosmology are more important  
than ever.   Would this  ICISE-CBPF Exotic/LLP 
ini t iat ive benefi t  f rom the inclusion of  people 
f rom, e.g. ,  the dark matter  direct  detect ion,  
gravi tat ional  wave, mult i -messenger astronomy, 
etc. ,  communit ies?

J a m e s  B e a ch a m  [ D u k e ]

I t e m s  f o r  d i s c u s s i o n
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5)  What new project  — paper,  model,  game-
changing LHC upgrade idea,  new dedicated LLP 
detector using an LHC IP,  novel way of  probing 
BSM physics with exis t ing faci l i t ies — wil l  you 
have completed or originated by the t ime of  the 
next  ICISE-CBPF Exotic/LLP conference?

Ja m e s  B e a ch a m  [ D u k e ]

I t e m s  f o r  d i s c u s s i o n
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Join us on the terrace to discuss 
these things and more over r ice 
wine at  the round table this  
af ternoon, and thank you for 
making this  an excel lent  
workshop!


