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Exotic Signatures 
any signatures that we did not discussion in the SUSY 
recast paper (with B. Tweedie, 15’), complementary to 
earlier talks in this workshop

Intro
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Exotic Signatures 
any signatures that we did not discussion in the SUSY 
recast paper (with B. Tweedie, 15’), complementary to 
earlier talks in this workshop

Interesting task for me, will cover 
! Quirk
! Other exotics
! Disappearing track
! Displaced photon
! Stopped particle

Intro
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Quirk 
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! Strong dynamics ! String dynamics
! Quark! Quirk

!"#$%&'(#)"#*+,-(#./0



Quirk 
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! Strong dynamics ! String dynamics
! Quark! Quirk
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Quirk 
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Quirk 
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Quirk 
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Quirk 
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! Strong dynamics ! String dynamics
! Quark! Quirk
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Quirk 
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! Strong dynamics ! String dynamics
! Quark! Quirk
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Quirk 
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! Strong dynamics ! String dynamics
! Quark! Quirk

B32R;5#,H;#J+234-#
A5D2GG%,2A&

B32R;5#
K3AO+D,2A&##

,3%D42&'##
%&&2H2G%,2A&



Quirk Motivation
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Recently catch more and more attention
! Neutral Naturalness
! Alternative solution of hierarchy problem
! Exotic phenomenology
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Quirky signatures
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Quirky signature ( 𝑳 > 𝟏𝟎	𝒎;𝚲𝑰𝑪 < 𝟏𝟎𝟎	𝒆𝑽)
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Quirky signature ( 𝑳 > 𝟏𝟎	𝒎;𝚲𝑰𝑪 < 𝟏𝟎𝟎	𝒆𝑽)
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Quirky signature ( 𝑳~𝒄𝒎~𝒎;𝟏𝟎𝟎	𝐞𝐕 < 	𝚲𝑰𝑪 < 𝟏	𝒌𝒆𝑽)
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Quirky signature ( 𝑳~𝒎𝒎~𝒎;𝟏𝟎𝟎	𝐞𝐕 < 	𝚲𝑰𝑪 < 𝟏	𝒌𝒆𝑽)
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Quirky signature ( 𝑳~𝒎𝒎~𝒎;𝟏𝟎𝟎	𝐞𝐕 < 	𝚲𝑰𝑪 < 𝟏	𝒌𝒆𝑽)
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Quirky signature ( 𝑳 < 𝒎𝒎;𝚲𝑰𝑪 > 𝟏	𝒌𝒆𝑽)
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Quirky signature ( 𝚲𝑰𝑪 > 𝑴𝒆𝑽)
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Quirky signature ( 𝚲𝑰𝑪 > 𝑴𝒆𝑽)

4/25/17 Zhen Liu | Exotic Signatures-Theory                         LHC LLP workshop  CERN 201723

1+2D4G-#FA3C#NA+&O#5,%,;#
%&&2H2G%,;5

B;D%-5#2&,A#O2U\;,(#O2UNA5A&(#O2U'G+;N%GG(#
;,D#75;;#;"'"(#X"#YA4(#:"#:32N5990(#a#EH%D4A(#B"#E+3,2&(##E"#
<;3H%%3;&9b0_#EH;&'(#@%GRA&2(#T5%2#9c0=



Quirky signature ( 𝚲𝑰𝑪 > 𝑴𝒆𝑽)
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More (or less) exotics
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More (or less) exotics
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More (or less) exotics
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Impressive progress in the LLP field
Yesterday I was still learning SUSY LLP signatures
Today, they are considered “standard”

More interesting and well-motivated exotic signatures
Quirk with dark confinement
! Exotic tracks
! Oscillating tracks
! Coplanar tracks
! Highly ionizing tracks
! Di-SM particle resonances with halos
! Soft bomb/Fireballs

There is also a lot of room in SUSY signatures
compressed LLP SUSY

Conclusion
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Brown Muck Energy Loss

� � geometrical ! 1 interaction/T

QCD or infracolor strong interactions

! E ! ! p ! " �J ! 1

N interactions ⇥ ! J �
⇤

N

� 5% for P � 1/ 20 N ! 103

Survival probability
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Hidden sector = light glueballs

L e! !
g2g!2

16! 2m4
Q

F 2
µ�F !2

⇥⇤

Very decoupled from SM

• No constraints from star cooling, etc.

• Cosmology OK if

Quirks
(Kang, Luty 2008)


