
The single electron project
S.White, BNL Physics

Oct. 6, ATF User’s Meeting
a unique feature of ATF beam is       
3 picosec bunch length (streak 

camera)
could this be exploited to evaluate 

fast timing detectors?
We present a method to produce a 

compact secondary beam.
~1 electron/pulse

Initial use to develop fast timing 
detectors
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representing work of:
V. Yakimenko, M.Fedurin, T.Tsang, M.Chiu, M.Diwan, 

G.Atoian(BNL)
K.McDonald(Princeton)

correspondents:
H.Frisch, J.Va’vra, K.Goulianos, D.Acker, I.Mousienko,

P.Vaska,  M.Suyama
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Why is a 100 MeV, single 
electron, 3 picosecond beam 

interesting?

“A	
  10	
  picosecond	
  .me	
  of	
  flight	
  detector	
  using	
  APD’s”,	
  SNW	
  et	
  al.

650	
  picosecond	
  rise.me	
  (β’s)Deep	
  diffused	
  avalanche	
  photodiode

109 (~nC) e- 

80 MeV 

~single e- 

80 MeV 

TOF 
detector 

250 !m 
Be foil 
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100	
  years	
  of	
  subatomic	
  Structure

• Rutherford,	
  Geiger,	
  Marsden	
  (1909)
–Atom’s	
  100th	
  Birthday!

–Rutherford’s	
  teacher,	
  JJ	
  Thomson,	
  discovered	
  electron	
  
10	
  years	
  earlier

• “counter	
  experiment”
–Beam	
  of	
  5	
  MegaVolt	
  α	
  par.cles	
  

from	
  Radium	
  C	
  decay

• Use	
  Rutherford	
  scaVering	
  for	
  a	
  

“1	
  step”	
  secondary	
  beam

JJ	
  Thomson	
  &	
  Ernest	
  Rutherford
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Question: with an incident beam of 10^9 60-80 MeV 
electrons, a ~1 mm target (Al or Be), how many are 
scattered @90 degrees into a ~1cm^2 detector 30 cm 
away?
Answer: ~1 !

• calcula.ons	
  presented	
  in:“LBNE energy calibration 
using a 100 MeV electron accelerator”-SNW& Vitaly 
Yakimenko http://arxiv.org/abs/1004.3068

• small accelerators previously used for calibration. ie:
• Super K made good use of a 5-16 MeV medical accelerator -Mitsubishi ML-15MIII. 

They used a conventional secondary beam design (requires space)
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Background	
  issues
• It	
  would	
  be	
  almost	
  impossible	
  to	
  calculate,	
  from	
  first	
  
principles,	
  detector	
  backgrounds	
  from	
  scraping,	
  etc	
  to	
  the	
  
level	
  of	
  ~1	
  counts/pulse

• Vitaly’s	
  intuiAon	
  was	
  that	
  such	
  backgrounds	
  are	
  low	
  at	
  ATF

• the	
  bee:

• Our	
  approach	
  has	
  been	
  to	
  focus	
  enArely	
  on	
  APD	
  based	
  
devices.	
  This	
  makes	
  it	
  easy	
  to	
  analyze	
  backgrounds	
  since	
  
rates	
  and	
  energy	
  deposiAon	
  depend	
  primarily	
  on	
  area	
  and	
  
effecAve	
  depth. 6
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Wide angle electron 
scattering
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this calculation Hofstadter
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the beamline
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Initial tests (Al)
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“target out” background 
well below scattered rate

“target in” rate ~10* 
calculation

signal has v=c
1 X0 not effective
concluded few MeV 

gamma
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Al is very messy!

Beryllium is excellent!

we now have a backlog of high quality data, with different timing 
detectors, absorbers and distance to target. Requires ~1 week 
analysis to make suitable for publication.
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• In next talk we request:3 days beam studies, 10 days 
detector R&D beam time

Our collaboration will provide:
• complete characterization of secondary beam (optimize 

“target out” background rates)
• currently data quality depend on resident ATF 

accelerator expertise in beam tuning-> codify procedure 
for beam setup

• “oscilloscope-based” data acquisition system initially 
slow and best understood scope was 500 MHz one

• ->make permanent installation based on ~$1000, 4-
channel scope on a chip (DRS4 evaluated by us on 
loan from Frisch). Also higher performance chips in 
development (u.Chicago,Hawaii, Orsay,Saclay)- we will 
provide this.

• high daq rate and fast online feedback
13
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Addendum (slides related to a 
proposal for use of this design in 
an accelerator to calibrate LBNE)
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Interesting features for 
calibration 
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“Turn-key” proposal to LBNE
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