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N e u t r i n o s  
W hy  d o  n e u t r i n o s  h ave  m a s s e s ?  A n d  wh a t  
a r e  t h e s e  m a s s e s ?  
M a j o r a n a  o r  D i r a c ?  
C P  v i o l a t i o n  
A r e  t h e r e  m o r e  ( s t e r i l e )  n e u t r i n o s ?

O p e n  q u e s t i o n s  b e f o r e  4  J u l y  2 0 1 2

Inspired by I. Shipsey

D a r k  m a t t e r  
W h a t  i s  i t ?  W I M P,  s t e r i l e  n e u t r i n o ,  a x i o n ,  
N L S P,  o t h e r  h i d d e n  s e c t o r  p a r t i c l e ?  
O n l y  o n e  t y p e ?  
O n l y  g r av i t a t i o n a l  o r  o t h e r  i n t e r a c t i o n s ?  
A r e  w e  w r o n g  a b o u t  g r av i t y ?  A n  e m e r g e n t  
p h e n o m e n o n ?

Two  e p o ch s  o f  U n ive r s e ’s  a c c e l e r a t e d  e x p a n s i o n  
P r i m o r d i a l :  I s  i n f l a t i o n a r y  m o d e l  c o r r e c t ?  
W h i ch  ( s c a l a r )  f i e l d ?  R o l e  o f  q u a n t u m  g r av i t y ?  
To d ay :  D a r k  e n e r g y  ( why  i s  Λ  s o  s m a l l ? )  o r  
g r av i t y  m o d i f i c a t i o n ?

Q u a r k s  a n d  l e p t o n s  
W hy  t h r e e  f a m i l i e s ?  
W hy  t h e s e  m a s s e s  a n d  m i x i n g s ?  
C P  v i o l a t i o n  i n  t h e  l e p t o n  s e c t o r  
M a t t e r / a n t i - m a t t e r  a s y m m e t r y  
B a r yo n  a n d  ch a r g e d  l e p t o n  n u m b e r  
v i o l a t i o n

P hy s i c s  t owa r d  t h e  P l a n ck  s c a l e  
H ow  d o e s  g r av i t y  p l ay  w i t h  t h e  
o t h e r  f o r c e s ?  
A r e  t h e r e  m o r e  t h a n  t h r e e  
d i m e n s i o n s  o f  s p a c e ?  
D o  a l l  f o r c e s  u n i f y  a t  h i g h  e n e r g y ?  
A r e  t h e r e  o t h e r  f o r c e s ?

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  
D o e s  t h e  H i g g s  b o s o n  e x i s t ?
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N e w  p h y s i c s  a t  t h e  L H C  i n  2 0 1 8
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  h u g e ,  
i m m e d i a t e  r e s o n a n c e s  o r  e x c e s s e s

?

E
P

JC
 (

2
0

1
8

) 
7

8
: 

2
9

3

https://link.springer.com/article/10.1140/epjc/s10052-018-5686-3
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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 ;  
j u s t  h u g e  o p e n  q u e s t i o n s .    

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 .
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We  wo u l d  c e r t a i n l y  l ove  s o m e  o l d - s ch o o l  t h e o r e t i c a l  g u i d a n c e ,  b u t  w e  d o n ’ t  
r e a l l y  h ave  i t  ( 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  p l a i n  va n i l l a  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 . )  
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1.15m

2.25m

4.25m

0.6m

9 5 %  o f  o u r  a n a l y s i s  e f f o r t  a t  t h e  L H C  i s  d e d i c a t e d  t o  u n d e r s t a n d i n g   
f i v e  m o r e - o r- l e s s  p r o m p t  o b j e c t s



9  O c t o b e r  2 0 1 8J a m e s  B e a ch a m I PA  2 0 1 8  —  C i n c i n n a t i  8

1.15m

2.25m

4.25m

0.6m
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W h a t  w e  wa n t :  
• To  r e d u c e  t o  n e g l i g i b l e  t h e  ch a n c e  t h a t  

w e ’ l l  m i s s  n e w  p hy s i c s  a t  t h e  L H C  

W h a t  w e  h ave :  
• Th e  m o s t  s o p h i s t i c a t e d  g e n e r a l - p u r p o s e  

d e t e c t o r s  e ve r  b u i l t  a t  t h e  h i g h e s t  p p  √ s  
e ve r  u s e d  

S h i f t  f r o m  m o d e l - f i r s t  /  s i g n a t u r e - s e c o n d  t o  
s i g n a t u r e - f i r s t  /  m o d e l - s e c o n d  m i n d s e t
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N e w  p h y s i c s  X  a t  t h e  L H C

mX

c⌧X O u t e r  e d g e  
o f  d e t e c t o r

O(mm)
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N e w  p h y s i c s  X  a t  t h e  L H C

Th e  ove r wh e l m i n g  
m a j o r i t y  o f  t h e  wo r k  o f  

t h e  L H C  e x p e r i m e n t s

S
ta

b
le

mX

c⌧X O u t e r  e d g e  
o f  d e t e c t o r

O(mm)
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N e w  p h y s i c s  X  a t  t h e  L H C

N e w  p hy s i c s  c o u l d  b e  
h i d i n g  h e r e

Th e  ove r wh e l m i n g  
m a j o r i t y  o f  t h e  wo r k  o f  

t h e  L H C  e x p e r i m e n t s

S
ta

b
le

mX

c⌧X O u t e r  e d g e  
o f  d e t e c t o r

O(mm)
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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  —  S t a n d a r d  M o d e l

B. Shuve
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L o n g  l i f e t i m e s  t y p i c a l l y  a r i s e  i n  t h e  S M  wh e n  a p p r o x i m a t e  
s y m m e t r i e s  m a k e  t h e  p a r t i c l e  s t a b l e

L L P s  —  S M  a n d  b e y o n d - t h e - S M

S a m e  p r i n c i p l e s  a p p l y  t o  B S M  L L P s ,  wh i ch  c a n  g e n e r i c a l l y  a p p e a r  

• L i f e t i m e  i s  b e s t  t r e a t e d  a s  a  f r e e  p a r a m e t e r

C h a r g e d  p i o n  

D e c ay  h i g h l y  
o f f - s h e l l

N e u t r o n  

I s o s p i n :  p  a n d  n   
n e a r l y  d e g e n e ra t e  

D e c ay  h i g h l y  
o f f - s h e l l

F C N C  

L e p t o n  f l avo r  v i o l a t e d  
o n l y  by  e x t r e m e l y  

s m a l l  n e u t r i n o  Yu k awa s  

B R ( µ — > e y ) ~ 1 0 - 5 4

S m a l l  s y m m e t r y - b r e a k i n g  p a r a m e t e r s  c a n  s u p p r e s s  t h e  d e c ay  r a t e

Ta l k s  by  S t r a s s l e r,  K n a p e n ,  
S h u ve ,  R a m s e y - M u l s o f ,  

o t h e r s

https://indico.cern.ch/event/607314/contributions/2542308/attachments/1447888/2231430/LHC-LLP_Shuve.pdf
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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  t h e  L H C

M a p p i n g  L L P  s i g n a t u r e  s p a c e

Fo r  o u r  p u r p o s e s ,  L L P  =  B S M  p a r t i c l e  w i t h  a  n o n - n e g l i g i b l e  l i f e t i m e  
t h a t  d i e s  ( g i ve s  u p  m o s t  o f  i t s  e n e r g y  o r  d e c ay s  t o  S M )  s o m e wh e r e  i n  
t h e  d e t e c t o r  a c c e p t a n c e  o f  L H C b ,  C M S ,  AT L A S ,  M i l l i Q a n ,  M o E DA L ,  

FA S E R ,  C o d e x - b ,  M AT H U S L A ,  e t c .

W h a t  e x a c t l y  d o  w e  
m e a n  by  l o n g - l i v e d  
p a r t i c l e  i n  t h e  L H C  

c o n t e x t ?

Heather Russell
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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  t h e  L H C

M a p p i n g  L L P  s i g n a t u r e  s p a c e

Fo r  o u r  p u r p o s e s ,  L L P  =  B S M  p a r t i c l e  w i t h  a  n o n - n e g l i g i b l e  l i f e t i m e  
t h a t  d i e s  ( g i ve s  u p  m o s t  o f  i t s  e n e r g y  o r  d e c ay s  t o  S M )  s o m e wh e r e  i n  
t h e  d e t e c t o r  a c c e p t a n c e  o f  L H C b ,  C M S ,  AT L A S ,  M i l l i Q a n ,  M o E DA L ,  

FA S E R ,  C o d e x - b ,  M AT H U S L A ,  e t c .

W h a t  e x a c t l y  d o  w e  
m e a n  by  l o n g - l i v e d  
p a r t i c l e  i n  t h e  L H C  

c o n t e x t ?

Heather Russell

P u b l i c  r e s u l t s  w i t h  t h e  
m a j o r  d e t e c t o r s  

C M S  E x o t i c a  L L P  

C M S  S U S Y  R P V  

L H C b  P u b l i c  R e s u l t s  

AT L A S  E x o t i c s  

AT L A S  S U S Y

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/LLP.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/RPV.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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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
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  wh o s e  s h a p e  i s  s e t  by  i t s  p r o p e r  l i f e t i m e  c t a u

A s  a  r e s u l t ,  w e  c a n  a n d  m u s t  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

Heather Russell
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S e a r ch e s  a r e  o f t e n  S M - b a ck g r o u n d -
f r e e  b u t  c a n  b e  s u b j e c t  t o  ve r y  

a t y p i c a l  b a ck g r o u n d  s o u rc e s  ( l i k e  
c o s m i c  r ay  m u o n s ,  b e a m  h a l o ,  

c ave r n  b a ck g r o u n d s ,  e t c . )  t h a t  a r e  
ch a l l e n g i n g  t o  e s t i m a t e  a n d  

i r r e l e va n t  t o  m o s t  p r o m p t  s e a r ch e s

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

L o n g - l i v e d  p a r t i c l e  
s e a r ch e s  a r e  

e x p e r i m e n t a l l y  
d r i v e n

L u ck i l y  i t ’s  e a s y  t o  g e t  
L L P s  i n  s o m e  u s u a l  B S M  

f r a m e wo r k s  —  a  f e w  
e x a m p l e s  h e r e
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B S M  e x a m p l e :  H i d d e n  s e c t o r  p o r t a l s

H i g g s  p o r t a l  

• S m a l l  w i d t h  o f  S M  H i g g s  — >  e a s y  t o  g e t  B S M  p hy s i c s  
• A  w i d e  r a n g e  o f  L L P  s i g n a t u r e s  c a n  a r i s e  

• C a n  u s e  H i g g s  V B F  a n d  a s s o c i a t e d  p r o d u c t i o n  m o d e s  
f o r  t r i g g e r i n g  o n  a d d i t i o n a l  p r o m p t  o b j e c t s

H i g g s  m i x i n g  w i t h  
h i d d e n  s e c t o r  s c a l a r

H i g g s  
d e c ay i n g  t o  
d a r k  s e c t o r  

f e r m i o n s  
wh i ch  d e c ay  

t o  d a r k  
p h o t o n s  a n d  
l e p t o n - j e t s

L o n g - l i v e d  π vS M  H i g g s - l i k e  
s c a l a r
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B S M  e x a m p l e :  R P V  S U S Y

|λ |  <  1 0 - 8

E l e c t r ow e a k  s y m m e t r y  
g i ve s  d e g e n e ra cy  o f  

N L S P  a n d  L S P  m a s s e s  i f  
l i t t l e  m i x i n g  b e t w e e n  
H i g g s i n o  /  g a u g i n o s



9  O c t o b e r  2 0 1 8J a m e s  B e a ch a m I PA  2 0 1 8  —  C i n c i n n a t i  1 9

L o n g - L i v e d  P a r t i c l e  B a s i c s

We  h ave  d o n e  L L P  s e a r ch e s  a t  t h e  
L H C  s i n c e  t h e  b e g i n n i n g ,  b u t  

t h e y ’ve  a l way s  b e e n  m a r g i n a l i z e d  
a n d  u s u a l l y  p e r f o r m e d  by  s m a l l  

g r o u p s  o f  a n a l y z e r s  

Th e  f o l l ow i n g  a r e  s o m e  e x a m p l e s  o f  
t h e  k i n d s  o f  s e a r ch e s  w e  d o  b a s e d  
o n  s i g n a t u r e  w i t h  a n  e m p h a s i s  o n  

wh a t  w e ’r e  m i s s i n g  

F u l l  d i s c u s s i o n  r e q u i r e s  e x a m i n a t i o n  
o f  n o n - p o i n t i n g / l a t e  p h o t o n  
s e a r ch e s ,  s t o p p e d  p a r t i c l e s ,  

d i s a p p e a r i n g  t r a ck s ,  H S C P s  —  s e e  
s l i d e s  i n  b a ck u p  a n d  f o r t h c o m i n g  

L H C  L L P  W h i t e  Pa p e r
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N e u t r a l  o r  c h a r g e d  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  l e p t o n 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  r u n s  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  ]  /  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 M S - E X O - 1 6 - 0 2 2

top squark mass [GeV]
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 (13 TeV)-12.6 fb

CMS
Preliminary

https://cds.cern.ch/record/2275635
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-022/
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N e u t r a l  o r  c h a r g e d  L L P s  d e c a y i n g  t o  l e p t o n s

R e c e n t  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   
a r X iv : 1 8 0 8 . 0 3 0 5 7  ( s u b m i t t e d  t o  P R D )  
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) = 0.1D ZD Z→(H B

) = 0.01D ZD Z→(H B

) = 0.148µ µ → 
D

(ZB

 = 20 GeV
DZm
Observed
Expected

σ 1 ±
σ 2 ±

ATLAS

 = 13 TeVs -132.9 fb

H

ZD

p

p

ZD

µ

µ

⇣

✏

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://arxiv.org/abs/1808.03057
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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 ,  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

C M S - PA S - H I G - 1 6 - 0 3 5

L o n g - l i v e d

P r o m p t

L H C b  e x c l u s i o n  i n  
n e ve r- b e f o r e -

c ove r e d  L L P  s p a c e

L H C b :  P R L  1 2 0 ,  0 6 1 8 0 1

P r o j e c t i o n s  f o r  
L H C b  u p g ra d e  —  

a r X iv : 1 8 0 8 . 0 8 8 6 5  —  
a r X iv : 1 5 0 9 . 0 6 7 6 5  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-042/
https://cds.cern.ch/record/2232052
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
https://arxiv.org/abs/1808.08865
http://arxiv.org/abs/1509.06765
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P o t e n t i a l  d i s c o v e r i e s  w e ’ r e  m i s s i n g

J H E P  1 6 0 2  ( 2 0 1 6 )  0 6 2

D i s p l a c e d  l e p t o n - j e t s  
• C l e a r l y  a p p a r e n t  g a p s  wh e r e  a  d i s c ove r y  c o u l d  b e  h i d i n g  
• R u n  2  i m p r ove m e n t s  a l r e a dy  m a d e  ( s i n g l e  L J  t r i g g e r,  e t c . )

L ow - m a s s :  
N e w  t r i g g e r s  

f o r  n o n -
s t a n d a r d  L A r  

d e p o s i t s

M a s s - g a p :  
P i o n - j e t s

Ve r y - d i s p l a c e d  
r e g i o n :  N e e d  t o  

t r i g g e r  o n   
s i n g l e  L L P  

d e c ay s

https://link.springer.com/article/10.1007%2FJHEP02%282016%29062
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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 s

AT L A S  a p p r o a ch  —  
s i n g l e  m u l t i - t r a ck  ve r t e x  

( s e e  b a ck u p )

C M S  a n d  L H C b  —  
d i s p l a c e d  ve r t i c e s  w i t h  

j e t  p a i r s  d ow n s t r e a m

Th e  L L P  c a n  d e c ay  t o  j e t s  i n  
t h e  i n n e r  t r a ck e r
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O r  t h e  L L P  c a n  d e c ay  
i n  o r  j u s t  b e f o r e  t h e  

c a l o r i m e t e r …

… o r  o n l y  i n  t h e  M S

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 s
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S M - l i k e  H i g g s  — >  L L P x 2  — >  h a d r o n i c  j e t s   

• M a ny  s e a r ch e s  f o r  t h i s  a l r e a dy,  b u t  t h e r e  a r e  k n ow n  l i m i t a t i o n s  

• W h a t  i f  m L L P  <  1 0 - 3 0  G e V ?  

• W h a t  i f  ~ m m  <  c t a u  <  ~ 1 0  c m ?  

• S i m i l a r  c ave a t s  f o r  h i g h e r- m a s s  H  a n d  L L P  s c e n a r i o s   
[  s e e  AT L A S - C O N F - 2 0 1 6 - 1 0 3  ]

D e c ay  i n  o r  j u s t  
b e f o r e  t h e  H C a l  w i t h  

a  s p e c i a l  t r i g g e r  
( C a l R a t i o )

D e c ay  i n  e i t h e r  i n n e r  
d e t e c t o r  o r  m u o n  

s p e c t r o m e t e r

AT L A S :  P R D  9 2  ( 2 0 1 5 )  0 1 2 0 1 0  

P L B  7 4 3  ( 2 0 1 5 )  1 5 - 3 4

H ow  t o  t r i g g e r  o n  
t h e s e  e d g e  o r  g a p  

r e g i m e s ?

L o n g - l i v e d  π v

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 s

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-103/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012010
https://www.sciencedirect.com/science/article/pii/S0370269315000787?via=ihub
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U n c o v e r e d  L L P  r e a l m s
L ow - m a s s ,  l ow - p T e ve r y t h i n g  

• Fo r  p a i r- p r o d u c e d ,  l o n g - l i v e d  s c a l a r s  d e c ay i n g  t o  j e t s ,  C M S  h a s  a n  
i n c l u s i ve  s e a r ch :  P L B  7 8 0  ( 2 0 1 8 )  4 3 2 - 4 5 4   

• S a m e  c ave a t  h e r e :  W h a t  a b o u t  f o r  s m a l l e r  m a s s e s  a n d  l i f e t i m e s ?

https://www.sciencedirect.com/science/article/pii/S0370269318302089
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C o m p a r i n g  s e a r ch e s  

• S M - l i k e  H i g g s  — >  L L P x 2  — >  j e t s  

• B i g  o p e n  a r e a s  s h o u l d  i n s p i r e  n e w  t r i g g e r s ,  m e t h o d s  t o  l ow e r  
t h r e s h o l d s ,  n e w  I D  m e t h o d s ,  e t c .

L o n g - l i v e d  π v

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 !  

( M o d e l - d e p e n d e n t  
p l o t ,  b u t  

i l l u s t r a t i v e )

L H C b :  E P J C  7 7  ( 2 0 1 7 )  8 1 2

m H =  1 2 5  G e V

U n c o v e r e d  L L P  r e a l m s

https://link.springer.com/article/10.1140/epjc/s10052-017-5178-x
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Ve r y  s h o r t - l i v e d  L L P s  d e c ay i n g  t o  j e t s  

• R e c e n t  AT L A S  s e a r ch  f o r  W / Z / h 1 2 5  — >  a a  — >  4 b  f o r  a  p r o m p t l y  
d e c ay i n g  a ,  wh e r e  a n  a d d i t i o n a l  l i m i t  wa s  s e t  o n  a  s c e n a r i o  
w i t h  a n  a  w i t h  a  n o n - z e r o  l i f e t i m e  [  a r X iv : 1 8 0 6 . 0 7 3 5 5  ]

• E s s e n t i a l l y  r e q u i r e d  
g e n e r a t i n g  s o m e  
a d d i t i o n a l  s i m u l a t e d  
s a m p l e s  a n d  c a l c u l a t i n g  a  
l i m i t ,  a n  e x c e l l e n t  g a i n  
f o r  j u s t  a  l i t t l e  e x t r a  wo r k  

• We  s h o u l d  e n c o u ra g e  a l l  
e x p e r i m e n t a l i s t s  d o i n g  
a ny  s e a r ch  f o r  p r o m p t l y  
d e c ay i n g  p a r t i c l e s  t o  
p r o d u c e  s i m i l a r  p l o t s !

G e t t i n g - c l o s e - t o - c o v e r e d  L L P  r e a l m s

https://arxiv.org/abs/1806.07355
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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  

t o  e m e r g i n g  j e t s .

L L P s  f r o m  d a r k  Q C D - l i k e  s e c t o r s  —  e m e r g i n g  j e t s
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σ 1±Expected limit 
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Preliminary CMS  (13 TeV)-116.1 fb

F i r s t  r e s u l t s  f o r  t h i s  d a r k - Q C D  m o d e l  a t  
t h e  L H C  —  AT L A S  s e a r ch  i n  p r o g r e s s

D a r k  q u a r k s  h a d r o n i z e  f i r s t  i n  t h e  h i d d e n  s e c t o r  

a n d ,  e . g . ,  d a r k  p i o n s  t h e n  d e c ay  t o  t h e  v i s i b l e  

s e c t o r  v i a  m u l t i p l e  d i s p l a c e d  ve r t i c e s  o f  va r y i n g  

d i s p l a c e m e n t s  w i t h i n  t h e  s a m e  j e t  o b j e c t

https://link.springer.com/article/10.1007/JHEP05(2015)059
https://cds.cern.ch/record/2625123
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W h a t  a b o u t  t h e  o t h e r  e n d  o f  t h e  d a r k  Q C D  s p e c t r u m ?  

• Ve r y  s t r o n g l y  c o u p l e d  h i d d e n  s e c t o r  y i e l d i n g  a  s o f t  r a d i a t i o n  p a t t e r n  
i n  t h e  d e t e c t o r  

• S o f t ,  u n c l u s t e r e d  e n e r g y  p a t t e r n s ,  o r  S U E P s :  J H E P  ( 2 0 1 7 )  2 0 1 7 :  7 6

H i d d e n  va l l e y  s c e n a r i o  w i t h  
c o n f i n i n g  dy n a m i c s  —  h e r e  a  

s t r o n g l y  c o u p l e d  r e g i m e  w i t h  a  
h i g h - m a s s  m e d i a t o r  d e c ay i n g  

e ve n t u a l l y  t o  a  l a r g e  m u l t i p l i c i t y  
o f  l ow - e n e r g y  S M  s t a t e s

C y l i n d e r  i s  e d g e  o f  E C a l ,  w i t h  
~ 1 0 0  ve r y  s o f t  e l e c t r o n s  a n d  

m u o n s  swa r m i n g  a r o u n d

U n c o v e r e d  L L P  r e a l m s

C o u l d  a  h i g h  m u l t i p l i c i t y  s o f t  
m u o n  t r i g g e r  b e  u s e f u l  h e r e ?

https://link.springer.com/article/10.1007/JHEP08(2017)076


9  O c t o b e r  2 0 1 8J a m e s  B e a ch a m I PA  2 0 1 8  —  C i n c i n n a t i  3 2

N o n - s t a n d a r d  t r a ck s  f r o m  q u i r k s  

• Q u i r k s :  Pa r t i c l e s  ch a r g e d  u n d e r  n e w  c o n f i n i n g  g a u g e  g r o u p  b u t   
w i t h  m a s s e s  m u ch  g r e a t e r  t h a n  t h e  c o n f i n e m e n t  s c a l e  — >  d i s t i n c t   
q u i r k / a n t i q u i r k  p a i r s  n e ve r  f o r m  — >  t h e y  o s c i l l a t e  u n t i l  t h e y  a n n i h i l a t e  

• A s  s u ch ,  t h e y  l e ave  a  w i l d ,  o s c i l l a t i n g - p a i r  s i g n a t u r e  i n  t h e  d e t e c t o r

• Th i s  i s  h a r d ,  b o t h  b e c a u s e  
s t a n d a r d  t r a ck i n g  i s n ’ t  u s e f u l  
h e r e  a n d  b e c a u s e  i t ’s  d i f f i c u l t  
t o  m o d e l  i n  G e a n t 4  —  o n l y  
e x i s t i n g  s e a r ch  i s  a t  D 0

• S .  K n a p e n ,  e t  a l ,  p r o p o s e d  a  m o d e l -
i n d e p e n d e n t  m e t h o d  o f  l o o k i n g  f o r  
p a t t e r n s  o f  h i t s  t h a t  l ay  i n  a  p l a n e  i n  
t h e  d e t e c t o r s  —  p r o m i s i n g  ave n u e  f o r  
d i s c ove r y

Ta l k  by  
K n a p e n  a t  

Tr i e s t e  L H C  
L L P  

Wo r k s h o p

U n c o v e r e d  L L P  r e a l m s

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.211803
https://indico.cern.ch/event/649760/timetable/#sc-11-2-quirks-part-2
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High-luminosi ty LHC wil l  be a game-changer

Run 2:  28 primary vert ices
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Possible detector upgrades

N I M A  8 3 1  ( 2 0 1 6 )  6 5 - 7 0

https://www.sciencedirect.com/science/article/pii/S0168900216303837
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Possible detector upgrades

D. Curt in

N I M A  8 3 1  ( 2 0 1 6 )  6 5 - 7 0

https://www.sciencedirect.com/science/article/pii/S0168900216303837
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Possible detector upgrades

D. Curt in

Blue sky idea for  ATLAS:  
 

Simple high-resolut ion 
double-tracking layer 

inside the IBL

N I M A  8 3 1  ( 2 0 1 6 )  6 5 - 7 0

https://www.sciencedirect.com/science/article/pii/S0168900216303837
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• This would l ikely s igni f icantly 
improve our sensi t ivi ty to h125 
decays to shorter- l i fet ime LLPs!  
But by how much? 

• Would also help with very short  
l i fet ime charged LLPs

Possible detector upgrades

D. Curt in

Blue sky idea for  ATLAS:  
 

Simple high-resolut ion 
double-tracking layer 

inside the IBL

N I M A  8 3 1  ( 2 0 1 6 )  6 5 - 7 0

https://www.sciencedirect.com/science/article/pii/S0168900216303837
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• This would l ikely s igni f icantly 
improve our sensi t ivi ty to h125 
decays to shorter- l i fet ime LLPs!  
But by how much? 

• Would also help with very short  
l i fet ime charged LLPs

Possible detector upgrades

D. Curt in

Blue sky idea for  ATLAS:  
 

Simple high-resolut ion 
double-tracking layer 

inside the IBL

• Pileup would l ikely make i t  useless!  
• What about a purposely temporary next- to-beam tracking layer that  

would only survive a certain integrated luminosi ty and die?

N I M A  8 3 1  ( 2 0 1 6 )  6 5 - 7 0

https://www.sciencedirect.com/science/article/pii/S0168900216303837
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B o n u s  ( a n d  a d  f o r  M AT H U S L A ) :  H ow  d o  w e  b r e a k  t h i n g s ?

A  g i f t  
 

f r o m  Po i n t  5 .

N o t h i n g  l o o k s        l i k e  t h i s .

W h a t  a r e  w e  m i s s i n g ?

C M S

AT L A S
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• W h a t  a b o u t  n e a r l y - t r i v i a l  a b s u r d i t i e s ?  

• AT L A S  a n d  C M S  c a n  e a ch  b e  u s e d  a s  
a  d e t e c t o r  f o r  L L P s  p r o d u c e d  i n  t h e  
o t h e r  

• S o l i d  a n g l e  c ove r a g e  i s  va n i s h i n g l y  
s m a l l ,  ~ 1 0 - 7…  < —  a b s u r d  

B o n u s  ( a n d  a d  f o r  M AT H U S L A ) :  H ow  d o  w e  b r e a k  t h i n g s ?

A  g i f t  
 

f r o m  Po i n t  5 .

N o t h i n g  l o o k s        l i k e  t h i s .

W h a t  a r e  w e  m i s s i n g ?

C M S

AT L A S
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• … b u t  n o n - z e r o .   A n d  t h e  s i g n a t u r e  i s  
s o  r a r e  t h a t  i t  wo u l d  i m m e d i a t e l y  
s h ow  u p  i n  u n f i l l e d  b u n ch  c r o s s i n g s   
< —  t r i v i a l  

• A  q u i z z i c a l  u s e  o f  t i m e ?   W hy  n o t  
s p e n d  a  m o n t h  l o o k i n g  f o r  t h i s  a n d  
g e t t i n g  a  l i m i t ,  a s  a  p r o o f  o f  
c o n c e p t ?  

• R e m e m b e r  t h a t  t h e  L H C  i s  o u r  
o n l y  g o o d  s o u rc e  o f  H i g g s e s ,  
W s ,  e t c . ,  f o r  a  ve r y  l o n g  t i m e .

• W h a t  a b o u t  n e a r l y - t r i v i a l  a b s u r d i t i e s ?  

• AT L A S  a n d  C M S  c a n  e a ch  b e  u s e d  a s  
a  d e t e c t o r  f o r  L L P s  p r o d u c e d  i n  t h e  
o t h e r  

• S o l i d  a n g l e  c ove r a g e  i s  va n i s h i n g l y  
s m a l l ,  ~ 1 0 - 7…  < —  a b s u r d  

B o n u s  ( a n d  a d  f o r  M AT H U S L A ) :  H ow  d o  w e  b r e a k  t h i n g s ?

A  g i f t  
 

f r o m  Po i n t  5 .

N o t h i n g  l o o k s        l i k e  t h i s .

W h a t  a r e  w e  m i s s i n g ?

C M S

AT L A S
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• … b u t  n o n - z e r o .   A n d  t h e  s i g n a t u r e  i s  
s o  r a r e  t h a t  i t  wo u l d  i m m e d i a t e l y  
s h ow  u p  i n  u n f i l l e d  b u n ch  c r o s s i n g s   
< —  t r i v i a l  

• A  q u i z z i c a l  u s e  o f  t i m e ?   W hy  n o t  
s p e n d  a  m o n t h  l o o k i n g  f o r  t h i s  a n d  
g e t t i n g  a  l i m i t ,  a s  a  p r o o f  o f  
c o n c e p t ?  

• R e m e m b e r  t h a t  t h e  L H C  i s  o u r  
o n l y  g o o d  s o u rc e  o f  H i g g s e s ,  
W s ,  e t c . ,  f o r  a  ve r y  l o n g  t i m e .

• W h a t  a b o u t  n e a r l y - t r i v i a l  a b s u r d i t i e s ?  

• AT L A S  a n d  C M S  c a n  e a ch  b e  u s e d  a s  
a  d e t e c t o r  f o r  L L P s  p r o d u c e d  i n  t h e  
o t h e r  

• S o l i d  a n g l e  c ove r a g e  i s  va n i s h i n g l y  
s m a l l ,  ~ 1 0 - 7…  < —  a b s u r d  

B o n u s  ( a n d  a d  f o r  M AT H U S L A ) :  H ow  d o  w e  b r e a k  t h i n g s ?

A  g i f t  
 

f r o m  Po i n t  5 .

N o t h i n g  l o o k s        l i k e  t h i s .

• S i d e  b e n e f i t ,  s p e a k i n g  o f  t r i v i a l :  Th e  r e s u l t  wo u l d  t r i v i a l l y  b e  
f e a t u r e d  i n  t h e  p o p u l a r  s c i e n c e  p r e s s  ( c f .  M AT H U S L A ,  
M i l l i Q a n ,  e t c . ) ;  r e a ch i n g  t h e  p u b l i c  i n  n ove l  way s  i s  o f  
u t m o s t  i m p o r t a n c e  i n  2 0 1 8

W h a t  a r e  w e  m i s s i n g ?

C M S

AT L A S
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• … b u t  n o n - z e r o .   A n d  t h e  s i g n a t u r e  i s  
s o  r a r e  t h a t  i t  wo u l d  i m m e d i a t e l y  
s h ow  u p  i n  u n f i l l e d  b u n ch  c r o s s i n g s   
< —  t r i v i a l  

• A  q u i z z i c a l  u s e  o f  t i m e ?   W hy  n o t  
s p e n d  a  m o n t h  l o o k i n g  f o r  t h i s  a n d  
g e t t i n g  a  l i m i t ,  a s  a  p r o o f  o f  
c o n c e p t ?  

• R e m e m b e r  t h a t  t h e  L H C  i s  o u r  
o n l y  g o o d  s o u rc e  o f  H i g g s e s ,  
W s ,  e t c . ,  f o r  a  ve r y  l o n g  t i m e .

• W h a t  a b o u t  n e a r l y - t r i v i a l  a b s u r d i t i e s ?  

• AT L A S  a n d  C M S  c a n  e a ch  b e  u s e d  a s  
a  d e t e c t o r  f o r  L L P s  p r o d u c e d  i n  t h e  
o t h e r  

• S o l i d  a n g l e  c ove r a g e  i s  va n i s h i n g l y  
s m a l l ,  ~ 1 0 - 7…  < —  a b s u r d  

B o n u s  ( a n d  a d  f o r  M AT H U S L A ) :  H ow  d o  w e  b r e a k  t h i n g s ?

A  g i f t  
 

f r o m  Po i n t  5 .

N o t h i n g  l o o k s        l i k e  t h i s .

• S i d e  b e n e f i t ,  s p e a k i n g  o f  t r i v i a l :  Th e  r e s u l t  wo u l d  t r i v i a l l y  b e  
f e a t u r e d  i n  t h e  p o p u l a r  s c i e n c e  p r e s s  ( c f .  M AT H U S L A ,  
M i l l i Q a n ,  e t c . ) ;  r e a ch i n g  t h e  p u b l i c  i n  n ove l  way s  i s  o f  
u t m o s t  i m p o r t a n c e  i n  2 0 1 8

W h a t  a r e  w e  m i s s i n g ?

C M S

AT L A S

M e a d e ,  N u s s i n ov,  
Pa p u c c i ,  Vo l a n s ky  
m e n t i o n e d  t h i s  i n  
p a s s i n g  i n  2 0 0 9
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MATHUSLA: Ultra- long-l ived part icles
Letter  of  Intent  ( July 2018):  ht tps: / / inspirehep.net / record/1685035 

Talk by Mason Prof f i t t  f rom May 2018 

https://inspirehep.net/record/1685035
https://indico.cern.ch/event/714087/contributions/3007782/attachments/1651719/2642695/MATHUSLA_LLP_Workshop.pdf
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MATHUSLA: Ultra- long-l ived part icles
Letter  of  Intent  ( July 2018):  ht tps: / / inspirehep.net / record/1685035 

MATHUSLA physics case:   arXiv:1806.07396 

Addit ional ly a whole host  of  other dedicated detectors for  LLPs ei ther exis t ing or 
proposed — MoEDAL, Mil l iQan, FASER, Codex-b — and exis t ing or planned experiments 

that  are sensi t ive to s imilar  long-l ived physics — NA62, SeaQuest ,  SHiP,  others

https://inspirehep.net/record/1685035
https://arxiv.org/abs/1806.07396
https://moedal.web.cern.ch/
https://u.osu.edu/milliqan/
https://twiki.cern.ch/twiki/bin/view/FASER/WebHome
https://arxiv.org/abs/1708.09395
https://indico.cern.ch/event/714087/contributions/3007786/attachments/1652256/2643191/llp_2018_BD.pdf
https://indico.cern.ch/event/714087/contributions/3007858/attachments/1651327/2641272/TalkLLP.pdf
https://ship.web.cern.ch/ship/
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Mil l iQan

CMS IP

FASER: Service tunnel TI18, 
~400m away from ATLAS IP

CODEX-b: 20m from LHCb IP 
behind 3m of concrete
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LHC Long-Lived Part icle Community

Join the CERN egroup: lhc-l lp

Upcoming workshop 
Searching for  long- l ived part ic les at  the LHC:  
Fourth workshop of  the LHC LLP Community 
23-25 October 2018 — Nikhef — Amsterdam

https: / / indico.cern.ch/e/LHC_LLP_October_2018

Everything in this  talk — and more 
— is  discussed at  length at  the 

LHC LLP Community workshops 
and in the for thcoming white 
paper (public in November)  

The only thing we’re missing is  
your  voice and ideas;  join us!

http://cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-llp
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m a i n  L H C  i n t e r a c t i o n  p o i n t s  —  t o  b e n e f i t  f r o m  a  m o r e  c o o r d i n a t e d  e f f o r t  t o  
i d e n t i f y  u n c ove r e d  r e a l m s  o f  p o t e n t i a l  d i s c ove r y

C o n c l u s i o n s
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A  c r i t i c a l  e x a m i n a t i o n  o f  L L P  s e a r ch e s  i s  v i t a l  t o  m a p  t h e  f u t u r e  o f   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J a m e s  B e a ch a m  
@ j b b e a ch a m

T h e r e ’ s  n o  f a i l u r e  
i n  p a r t i c l e  p h y s i c s  

w h e n  y o u ’ r e  a n  
e x p l o r e r  

T h e  o n l y  f a i l u r e  i s  
t o  s t o p  s e a r c h i n g
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C h a r g e d  L L P s  i n  t h e  i n n e r  d e t e c t o r
D i s a p p e a r i n g  t r a ck s  

• B S M  L L P  i s  a  ch a r g e d  p a r t i c l e  t h a t  
d e c ay s  t o  a  ve r y  s o f t  S M  p a r t i c l e  a n d  a  
n e u t r a l  p a r t i c l e  t h a t  e s c a p e s  t h e  d e t e c t o r  

• S i g n a t u r e  i s  a  t r a ck  w i t h  t o o  f e w  h i t s  t o  
b e  c o n s i d e r e d  a  s t a n d a r d  t r a ck  —  a  
t r a ck l e t
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�+

�0
1

~ �+
1

~

100 200 300 400 500 600 700
 [GeV]±

1
χ∼

m
0.01

0.02
0.03
0.04

0.1

0.2
0.3
0.4

1

2
3
4

10

 [n
s]

± 1
χ∼τ

 )theoryσ1 ±Observed 95% CL limit (
 )expσ1 ±Expected 95% CL limit (

, EW prod. Obs.)-1ATLAS (8 TeV, 20.3 fb
Theory (Phys. Lett. B721 (2013) 252)
ALEPH (Phys. Lett. B533 (2002) 223)

ATLAS
-1=13TeV, 36.1 fbs

 > 0µ = 5, βtan production

±

1
χ∼

±

1
χ∼, 0

1
χ∼ ±

1
χ∼

 [GeV]
1
±χ∼

m
200 400 600 800

 [n
s]

1± χ∼τ

1−10

1

10

210

95% CL limit
95% expected
68% expected
Median expected
Observed

95% CL limit
95% expected
68% expected
Median expected
Observed

 (13 TeV)-138.4 fb

CMS
 > 0µ = 5, βtan 

) = 100%±π 
1
0
χ∼ → 

1
±χ∼ (Β

AT L A S :  J H E P  0 6  ( 2 0 1 8 )  0 2 2C M S :  J H E P  0 8  ( 2 0 1 8 )  0 1 6

P r o p o s e d  t r a ck i n g  u p g r a d e s  f o r  t h e  H L - L H C  e r a  w i l l  
l i k e l y  i m p r ove  s e n s i t i v i t y  t o  l ow e r  l i f e t i m e s

https://link.springer.com/article/10.1007/JHEP06(2018)022
http://dx.doi.org/10.1007/JHEP08(2018)016
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AT L A S  s e a r ch  t a r g e t i n g  e ve n t s  w i t h  o n e  d i s p l a c e d  ve r t e x  i n  t h e  i n n e r  d e t e c t o r  
w i t h  f i v e  t r a ck s  p l u s  a  l a r g e  a m o u n t  o f  m i s s i n g  e n e r g y  

• U s e s  AT L A S  l a r g e - r a d i u s  t r a ck i n g  ( L RT )  

• M a ny  s u p p l e m e n t a r y  e f f i c i e n cy  p l o t s  p r ov i d e d  a s  a u x i l i a r y  m a t e r i a l

P R D  9 7 ,  0 5 2 0 1 2  

Au x i l i a r y :  S U S Y- 2 0 1 6 - 0 8  

S i n g l e  d i s p l a c e d  v e r t e x  i n  t h e  i n n e r  d e t e c t o r
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.052012
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-08/


9  O c t o b e r  2 0 1 8J a m e s  B e a ch a m I PA  2 0 1 8  —  C i n c i n n a t i  4 4

AT L A S  [  P R D  9 3 ,  0 5 2 0 0 9  ( 2 0 1 6 )  ]  
s e a r ch  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 u ch  a s  m o n o p o l e s

C h a r g e d  L L P s  t h r o u g h o u t  t h e  d e t e c t o r
H e av y,  s t a b l e  ch a r g e d  p a r t i c l e s  

• Th e y  p r o p a g a t e  t h r o u g h  t h e  d e t e c t o r  l i k e  m u o n s ,  
b u t  l e ave  b e h i n d  a  ve r y  n o n - m u o n - l i k e  s i g n a t u r e  

• C a n  m ove  m u ch  a t  s p e e d s  m u ch  s l ow e r  t h a n  t h e  
s p e e d  o f  l i g h t  o r  l e ave  h i g h  i o n i z a t i o n  

• I D  t h e m  v i a  a t y p i c a l  way s  t h a t  t h e  ch a r g e d  
p a r t i c l e  i n t e r a c t s  w i t h  t h e  d e t e c t o r  m a t e r i a l

C M S  [  C M S - E X O - 1 6 - 0 3 6  ]  —  e x p l o i t i n g  t i m e  
o f  f l i g h t  d i s c r i m i n a t i o n  u s i n g  m u o n  s y s t e m  

a n d  i n c r e a s e d  e n e r g y  l o s s  i n  s i l i c o n  t r a ck e r

L H C b  [  E P J C  ( 2 0 1 5 )  7 5 :  5 9 5  ]  —  u t i l i z i n g  
a n  e s t i m a t o r  o f  t h e  a b s e n c e  o f  C h e r e n k ov  

r a d i a t i o n  i n  R I C H  d e t e c t o r s

https://link.aps.org/doi/10.1103/PhysRevD.93.052009
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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AT L A S  r e c e n t l y  d i d  a  
d e d i c a t e d  r e - i n t e r p r e t a t i o n  

f o r  a  f e w  R P V- m e e t s - R P C  
s e a r ch e s :   

AT L A S - C O N F - 2 0 1 8 - 0 0 3   
[  K a r r i  Fo l a n  D i Pe t r i l l o  t a l k  ]

C M S  a l s o  d i d  s o m e t h i n g  
s i m i l a r  i n  t h e  c o n t e x t  o f  
a  S U S Y  s e a r ch  f o r  j e t s  +  

m i s s i n g  e n e r g y :   
J H E P  0 5  ( 2 0 1 8 )  0 2 5
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https://cds.cern.ch/record/2308391
https://indico.cern.ch/event/714087/timetable/#37-rpv-meets-rpc-in-atlas
http://dx.doi.org/10.1007/JHEP05(2018)025
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A t y p i c a l  j e t s  a n d  j e t s  w i t h  n o n - s t a n d a r d  t r a ck s  

• H i d d e n  s e c t o r s  w i t h  s t r o n g l y  c o u p l e d  dy n a m i c s  —  d a r k  Q C D  

• Pe n c i l - l i k e  j e t  r e g i m e  —  e m e r g i n g  j e t s
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D a r k  Q C D  
— >  d a r k  q u a r k s   
— >  h a d r o n i z a t i o n  i n t o  d a r k  m e s o n s  i n  t h e  h i d d e n  s e c t o r,  s o m e  o f  
wh i ch  e ve n t u a l l y  d e c ay  t o  t h e  S M   
— >  d a r k  p i o n s  w / va r i a b l e  l i f e t i m e s   
— >  j e t s  w / m u l t i p l e  d i s p l a c e d  ve r t i c e s  /  t r a ck s  i n  a  s i n g l e  j e t  o r  e ve n t

S t a r t i n g - t o - b e - a d d r e s s e d  L L P  r e a l m s

https://link.springer.com/article/10.1007/JHEP05(2015)059
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I m a g e s  by  M .  S t r a s s l e r  [  e . g . ,  a  t a l k  f r o m  2 0 0 7  ]

C o u l d  a  h i g h  m u l t i p l i c i t y  s o f t  
m u o n  t r i g g e r  b e  u s e f u l  h e r e ?

S U E P  —   
J H E P  ( 2 0 1 7 )  2 0 1 7 :  7 6

H ow  t o  i n t e r p o l a t e  b e t w e e n  t h e s e  t wo  r e g i m e s ?  

• W h a t ’s  t h e  p h e n o m e n o l o g y ?

U n c o v e r e d  L L P  r e a l m s

E m e r g i n g  j e t s  —   
J H E P  ( 2 0 1 5 )  2 0 1 5 :  5 9

http://particle.physics.ucdavis.edu/seminars/data/media/2007/nov/strassler.pdf
https://link.springer.com/article/10.1007/JHEP08(2017)076
https://link.springer.com/article/10.1007/JHEP05(2015)059
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U n c o v e r e d  L L P  r e a l m s
A t y p i c a l  j e t s  a n d  j e t s  w i t h  n o n - s t a n d a r d  t r a ck s  

• H i d d e n  s e c t o r s  w i t h  s t r o n g l y  c o u p l e d  dy n a m i c s  —  d a r k  Q C D  

• B e t w e e n  j e t s  a n d  S U E P s  —  t h i s  i s  wh e r e  w e  r e a l l y  d o n ’ t  k n ow  wh a t  w e  
d o n ’ t  k n ow

Ja
k

u
b

 S
c

h
o

lt
z

• D o e s  i t  m a k e  s e n s e  t o  i n t e r p o l a t e  s o m e  k e y  d i s t r i b u t i o n s  b e t w e e n  t h e  e d g e  c a s e s  a n d  
g e n e ra t e  e ve n t s  b a s e d  u p o n  t h e s e ?   

• S t r a s s l e r :  “ H a s  a nyo n e  e ve n  t r i e d  t o  va l i d a t e  t h e  P y t h i a  H i d d e n  Va l l e y  m o d u l e ? ”   
[  Ta l k  a t  o u r  C E R N  wo r k s h o p  i n  M ay  2 0 1 8  ]  

• Pe r h a p s  d i s p l a c e d - ve r t e x  g u n  a p p r o a ch  wo u l d  s i m p l y  wo r k  b e s t

D a r k  s h ow e r s  wo r k i n g  g r o u p  
( K n a p e n ,  S h e l t o n ,  S ch o l t z ,  

S t o l a r s k i ,  L i n t h o r n e ,  F r e y t s i s ,  
R e e c e ,  C e s a r o t t i ,  e t  a l )  b e g a n  
i nve s t i g a t i n g  t h i s  i n  e a r n e s t  
l a s t  ye a r  —  m a ny  u n k n ow n s  

w. r. t .  p h e n o m e n o l o g y  
r e s u l t i n g  f r o m  a ny  o f  t h e  
m e t h o d s  u s e d  f o r  a ny  o f  

t h e s e  r e g i m e s !  
[  S u m m a r y  f r o m  Tr i e s t e  ]

• H ow  d o  w e  m o d e l  t h e s e ?

https://indico.cern.ch/event/714087/timetable/#23-the-challenging-diversity-o
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U n c o v e r e d  L L P  r e a l m s
A t y p i c a l  j e t s  a n d  j e t s  w i t h  n o n - s t a n d a r d  t r a ck s  

• H i d d e n  s e c t o r s  w i t h  s t r o n g l y  c o u p l e d  dy n a m i c s  —  d a r k  Q C D  

• O n e  ve r s i o n  o f  i n - b e t w e e n  —  s e m i - v i s i b l e  j e t s  

• J e t  o f  v i s i b l e  m a t t e r  +  d a r k  m a t t e r  f r o m ,  e . g . ,  h i d d e n  va l l e y s

N e i t h e r  a n  e m e r g i n g  j e t  ( wh e r e  t h e r e ’s  n o  s i z a b l e  M E T )  n o r  a  c o m p l e t e l y  
d e t e c t o r- i nv i s i b l e  o b j e c t  

• L o o k i n g  f o r  a  d i - j e t - l i k e  r e s o n a n c e  w i t h  j e t s  w i d e r  t h a n  Q C D  a n d  n o n -
z e r o  M E T  

• C o h e n ,  L i s a n t i ,  L o u ,  M i s h r a - S h a r m a  p o i n t e d  o u t  t h i s  d i s c ove r y  ave n u e  
w e  m ay  b e  ove r l o o k i n g :  a r X iv : 1 7 0 7 . 0 5 3 2 6

Ta l k  by  M i s h r a -
S h a r m a  a t  Tr i e s t e  

L H C  L L P  Wo r k s h o p

https://arxiv.org/abs/1707.05326
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U n c o v e r e d  L L P  r e a l m s
B e t w e e n  j e t s  a n d  S U E P s  

• I n t r i g u i n g  a p p r o a ch  by  C .  C e s a r o t t i  a n d  M .  R e e c e :  A b a n d o n  t h e  
S U ( N )  s ch e m e ,  u s e  a  m o d e l  f o r  d a r k  s h ow e r  w i t h  m o r e  c o n t r o l  
u s i n g  A d S / C F T  c o r r e s p o n d e n c e  wh e r e  t h e y  l o o k  a t  K K  m o d e s  t o  
u n d e r s t a n d  h i d d e n  s e c t o r  h a d r o n s

C .  C e s a r o t t i  t a l k  
i n  Tr i e s t e

P r o m i s i n g  way  t o  
i n t e r p o l a t e  p h e n o  

b e t w e e n  t h e  t wo  r e g i m e s

https://indico.cern.ch/event/649760/timetable/#sc-15-4-dark-qcd-jets-vs-suep
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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

L H C  L L P  w h i t e  p a p e r  i n  
p r o g r e s s  n o w   

( l i k e l y  p u b l i c  N o v e m b e r )

… 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 ,  e t c .

W o r k s h o p s  —  t w o  p e r  y e a r  
M o s t  r e c e n t :  

LHC_LLP_May_2018

Join the CERN egroup: lhc-l lp Websi te coming soon: cern.ch/ longlivedpart icles 

…building on the work of  a few prior workshops

https://indico.cern.ch/e/LHC_LLP_May_2018
http://cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-llp
http://cern.ch/longlivedparticles

