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overview 

• LIPSS DM Searches at JLAB FEL
– hidden sector photons, millicharged parCcles, axion 
like parCcles, . . .  

• FEL Compton Scattering  
– uses electron beam and laser light in FEL vault 
– lower mass boson search (up to ~25 keV) 

• FEL beam dump  
– require modest excavaCon at FEL dump 
– higher mass boson search (above e+e‐ threshold) 







LIPSS at FEL Lab 
Afanasev et al, Phys. Rev. Lett. 101, 120401



photon‐boson kineCc mixing; next steps 

LIPSS 2 
detector in line 
with cavity 



photon‐boson kineCc mixing; next steps 

LIPSS 2  1.6 micron CCD 
camera HgCdTe 
ROCKWELL  

quantum efficiency; 
          deep IR 



photon‐boson kineCc mixing; next steps 

LIPSS 2  1.6 micron CCD 
camera HgCdTe 
ROCKWELL  

dark noise; deep IR 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kineCc mixing 
J. Jaeckel, A. Ringwalk arXiv:1002.0329  



K. Ehret et al, 
ALPS results 
arXiv:1004.1313  

predicted LIPSS results 
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L1 = 25 m
L2 = 2.5 m
λ =1.6 µ
70 KW laser power
t ~ 10 days



• based upon LSW principle of photon 
regeneraCon 

• Compton scaSering at FEL  

• long lifeCmes 

• coupling at vertex enters twice 

• limited to ~25 keV mass boson producCon 

boson beam dump 



boson beam dump 

LIPSS 2 



BEFORE 
COLLISION 

AFTER 
COLLISION 

X‐rays  Ex1 

COLLISION 

e-  IR 

IR  e- 

“Standard” 180° Thomson ScaSering. X‐rays produced are traveling with 
electron bunch afer IR scaSers off electrons at interacCon region. 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 ~
ne ⋅ nγ
σ e ⋅σγ

~ 2 ×1043   cm-2 s-1

€

ne ~ 5 mA = 3 ×1016  Hz
nγ ~ (50KW  ,  1.6µm) = 3 ×1023Hz
σ ~ 200µm

luminosity 

electron current 

photon flux 

beam diameter 



simultaneous production of THz, 3 micron, and 10 keV X-rays 

• picosecond pulses at 37.4 MHz  

• synchronized to femtosecond levels 

THz pulses, ~2 W total power 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CTR electron bunch length measurement 

300 fsec 

σbunch = 
FWHM 

2.354 
= 89.2 µm 

σbunch 

c  = 298 x 10‐15 sec 

from J. Boyce 2003 



actual typical spectra 

Net Counts in peak = 32,000.   
Signal/Noise = 90 : 1 
15 seconds 
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Compton scattering and high luminosity 

Intra‐cavity X‐rays 

IR(intra‐cavity) ~ 10 x IR (extracted) 

IR/e‐beam overlap limited. 

IR can be focused to e‐beam spot 
minimum e‐beam size is 200 µm. 

from J. Boyce 2003 

LIPSS 2 

elevated ~ 15 cm 
above beamline 
at end of cavity 



boson beam dump 

• Compton producCon of boson 
• inverse Compton producCon of photon 
(photon regeneraCon) 

• high density, high‐Z detector 

€

Yi ~ r
A 0 ⋅ nt ⋅ t ⋅σ ⋅ ε = l ⋅σ ⋅ ε     experimental yield, Hz

χ ~ 10−5       σ ~ 10−33cm2    r
A 0 ~ 1010   Hz

nt (Pb) ~ 1023   cm-3      t ~ 100 cm
ε ~ 0.01



 Marieke Postma, 
Javier Redondo, JCAP 
0902:005,2009; 
arXiv:0811.0326 

FEL LIPSS measurement:   
         ~ one month 

boson beam dump 



electron beam dump 

• also based upon LSW principle photon 
regeneraCon 

• high power electron beam dump at FEL (phase 2) 

• useful for large range of boson lifeCmes 

• coupling at vertex enters twice 



electron beam dump 

LIPSS 3 

~0.13 MW beam dump exists; 
excavaCon behind FEL beam dump(?)  



electron beam dump 

€

€

Yi ~ re ⋅ nt ⋅ t ⋅σ ⋅ ε = l ⋅σ ⋅ ε     experimental yield, Hz
re (1 mA) ~ 6 ×1015   Hz
nt ~ 2 ×1023   cm-3

t ~ 100 cm
l ~ 1041cm-2s-1     →     ~ 1 ab/min

FEL beam dump 
luminosity 

Hall A, C 
beam dump 
luminosity 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re (100 µA) ~ 6 ×1014   Hz
nt ~ 2 ×1023   cm-3

t ~ 100 cm
l ~ 1040cm-2s-1 →     ~ 1 ab/hour

/

/



electron beam dump 

• SLAC E137 
– 2 x 1020 elec 
– 20 GeV 
– d ~ 400 m 

• SLAC E141 
– 2 x 1015 elec 
– 9 GeV 
– d ~ 35 m 

JD Bjorken et al, PhysRevD.80.075018 (2009) 



electron beam dump 

FEL  LIPSS in ~ one month 

JD Bjorken et al, PhysRev D80, 075018 (2009); 
Freytsis, Ovanesyan, Thaler ; arXiv:0909.2862 



summary 
• FEL LSW with high power laser 

– mass reach up to ~1 eV 
– new  kineCc mixing limits 

• FEL Compton scaSering experiment 
– mass reach up to ~25 KeV 
– comparison with solar limit 

• FEL beam dump experiment 
– Lower masses vs CEBAF
– higher luminosity compared to CEBAF  




