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overview 

•  recent  and proposed near‐term LIPSS searches 
•  DARKLIGHT search at FEL  
•  Heavy Photon Search (HPS) in Hall B 
•  Hall A experiment (APEX) 

•  summary 



Jefferson Lab 





LIPSS at FEL Lab 1 



photon‐boson kine[c mixing; next steps 

LIPSS 2 
detector in line 
with cavity 



K. Ehret et al, 
ALPS results 
arXiv:1004.1313  

predicted LIPSS results 

€ 

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



•  based upon LSW principle of photon 
regenera[on 

•  Compton sca5ering at FEL  

•  long life[mes 

•  coupling at vertex enters twice 
•  limited to ~25 keV mass boson produc[on 

boson beam dump 



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 



BEFORE 
COLLISION 

AFTER 
COLLISION 

X‐rays  Ex1 

COLLISION 

e-  IR 

IR  e- 

“Standard” 180° Thomson Sca5ering. X‐rays produced are traveling with 
electron bunch aher IR sca5ers off electrons at interac[on region. 

  

€ 

 ~
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 



actual typical spectra 

Net Counts in peak = 32,000.   
Signal/Noise = 90 : 1 
15 seconds 
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from J. Boyce 2003 



 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 
regenera[on 

•  useful for large range of boson life[mes 

•  coupling at vertex enters twice 



electron beam dump at FEL 

LIPSS 3 

~0.13 MW beam dump exists; 
excava[on behind FEL beam dump(?)  



electron beam dump at CEBAF 

detector behind 
experimental hall 

        high power beam dumps exists; 
excava[on behind CEBAF beam dumps(?)  



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 

€ 

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) 



S. Andreas, A. Ringwald contribution to 6th Patras Workshop on Axions, WIMPs and 
       WISPs, Zurich University, Switzerland, 5-9 July 2010  arXiv:1008.4519 

CEBAF LIPSS in ~ one month 

electron beam dump 



electron beam dump 

FEL  LIPSS in ~ one month 

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



DARKLIGHT at the Free Electron 
Laser Facility 



















Heavy Photon Search in Hall B 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Philip Schuster 

Unique Fixed‐Target Kinema[cs 



Backgrounds 
•  Thin target to reduce the rate 

•  Magne[c field to remove low energy 
e‐ 

•  Define dead zone 

•  Mul[ple Coulomb sca5ering in the 
target 

•  Secondary par[cle produc[on in the 
target 
–  Bremstrahlung 

–  Delta‐rays 
•  Pair conversion of bremstrahlung 

photon 
–  Two step process; the rate ~(target 

thickness)2 

•  Virtual photon conversion and Bethe‐
Heitler processes 

•  Target thickness is 0.25% X0 
–  σ(γ→ee)  << σ(γ*→ee) 

A’ 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Heavy Photon Signatures 
•  A heavy photon appears as an e+e‐ resonance on a large background of QED 

tridents.  

•  S/B depends on ε and resolu[on. 

•  The heavy photon life[me depends on mass and ε. For suitable values, a 
secondary decay vertex can be iden[fied, dis[nguishing the A’ from the 
trident background. 

                        γcτ ~ 1 mm (γ/10)(10‐4/ε)2 (100 MeV/mA’)  

Trident Background 

A’ Signal 

∝ ε2/δm 



Full HPS 

May 26, 2011 HPS Project Overview 34 

•   Forward, compact spectrometer/vertex detector measures mass and decay length  

•   EM Calorimeter provides fast trigger and electron ID. 

•  100% CEBAF duty cycle and high rate DAQ provide the sensi[vity to search for rare 
   processes 

•   All detectors crowd the hot electron beam and avoid the “wall of flame”.  



HPS Concept 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•  Thin Target Close to Tracker for vertexing 

•  Compact Si Tracker/Vertexer in 1T dipole 

•  Fast, segmented Ecal  for triggering, e ID 

•  Muon detector for alternate trigger, muon ID 

•  Split detectors ver[cally to avoid “Dead  
  Zone” occupied by primary beam, brem 
  photons, etc. 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HPS Reach: Bump Hunt and Vertex Search 
                                           (Graham) 

HPS 5.5 GeV 

HPS 3.3 GeV 

Bump hunt 

Vertexing 

1 month run @400nA 



Heavy Photon Search in Hall A 



















summary 

•  LIPSS published results, new plans with high 
power laser 

•  DARKLIGHT condi[onally approved for running  
in ~2013 

•  HPS in Hall B approved for beam [me; staged 
approach 

•  APEX in Hall A ini[al running completed 


