The single electron project
S.White, BNL Physics
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— camera)
| ¥ could this be exploited to evaluate
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Why isa 100 MeV, single

i . electron, 3 picosecond beam
interesting?

Deep diffused avalanche photodiode 650 picosecond risetime ([3’s)

“A 10 picosecond time of flight detector using APD’s”, SNW et al.
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100 years of subatomic Structure

* Rutherford, Geiger, Marsden (1909)
—Atom’s 100%™ Birthday!

—Rutherford’s teacher, JJ Thomson, discovered electron
10 years ea rlier J) Thomson & Ernest Rutherford

* “counter experiment”
—Beam of 5 MegaVolt o particles

from Radium C decay
* Use Rutherford scattering for a
“1 step” secondary beam
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Question: with an incident beam of 1079 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!

* calculations 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:

e 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

* |t would be almost impossible to calculate, from first
principles, detector backgrounds from scraping, etc to the
level of ~1 counts/pulse

 Vitaly’s intuition was that such backgrounds are low at ATF
* the bee:

* Our approach has been to focus entirely on APD based
devices. This makes it easy to analyze backgrounds since
rates and energy deposition depend primarily on area and
effective depth.
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Wide angle electron
scattering

Approximations to Hofstadter' s form:

2 hc1? .
Rutherford[6 , Z , EeMeV_] :=1/4 (Z * agx) Cscl[O6/ 2]

EeMeV?
Mott[© , Z_, EeMeV_] := Rutherford[6, Z, EeMeV] *

TxZxapgy*Sin[6/ 2] % (1-Sin[9/2])]

Cos[6/2]% |1+

Cos[6/2]?
2 x EeMeV
Q[6_, EeMeV_] := Sin[©/ 2]
hc
1
plr_, a_] := Exp[-r/a]
8 (a)?

47 |77 p(r, a) sin(r O(0, EeMeV)) dr
FormFactor(6 ,a , EeMeV ) :=

Q(8, EeMeV)
Hofstadter[@ ,Z , EeMeV , a ]| := Mott|[@, Z, EeMeV] « FormFactor[8, a, EeMeV]2
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this caleulation Hofstadter

electron Scattering on Au
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£90 = :|:¢-=u:>1(=_a[.5s.r [ Foils[[i. 3] «Correction[[i]] *
M, xFoils[[i, 2]]

Flux *dQ « Hofstadter[90 * Degree,

-1
Foils[[i, 1]], 62, Foils[[i, 6]]]] , {i, 4}];

Beryllium Pclystyrene Aluminum Geld
45 |0.00507424 0.00619767 0.00108573 0.0000493743
60° |0.0178675 0.0219929 0.00417395 0.000283
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Initial tests (Al)
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Al is very messy!

ENERGY LEVELS OF A = 21-44 NUCLEI (V1) 207
TABLE 274
Enecgy lovels of T
E, [keV) 2J%.2Y Oa E, [keV) arar tor I E, IheV) 2J°:.27 T O [
) s stable 1997 9 RLEE N ) 12 eV

84373 l O L0587 ) q7 06251 992 /e 3 252 keV
1014482 ) 21510 ps E0al (3° -9 962859 1 276 14 keV
221114 ) IBLP N B06S 2 3.95"° Jx292 - 963459 s 185V
273497 $° 129181 8097 ) s 9658 2

298200 5 3 5738 1% 1 64T R g 24 SeN
IMO42 N 9 LS IR 09 Ki1¥ 5 QA s 0 1 482 1O keV
1e80 4 S E)T s 1821 12 ) 2e92 2

ASN 4 ' i ls KI%7 9 9TIA9A '

40040 ) 1} 10e)8hH 8324/ S 2742 3

44102 4 s* 17210 Bl61 2 INE2E S - % 18 ¢V
45103 ¢ n- 320 20 s B3 ) (3 95 979 K 4 JeVN
45800 5 7 1T7Es 5396/ 1 9K21 469 3* 15eV
45106 % s 221t KOs 9x3la4 10 1 30 keV
$1556 A 1 134 1s K420 7 ) ). 8 9K 70 s 10 2eV
L24R0 4 5 <bfy R&d2 ) ? 0T 141 OGR4 4 JO | 210 oV
L4199 v “< 20 LV AR e GEsT

S412% 0 \j 10 36 Bs212 1-7 GRLY

S4irka s s Safls 8537 ) s SRy

$49938 & n* <10fs X4530 2 ) 992199 i) 15 keV
55509 3 b AKT s LRSI Y P9Wav ] 135 keV
S 02 . be 16410 LR ) 0S8 sev L TR 7

S8 00 by <15h 8675 ) (1.9%) S 18 S an 99810 14

SKX70 ¥ L) w3 86932 9-1% 995580 i

S9503 7 7 24171 870873 ko T64eV G039 ) eV
60808 ¢ 3 4817111 1716466 Y1E P 5 12 eV
611544 s £7322 5 7 019 2eV 99768 ¢ (% nm2J tev
615847 3 <201 875366 s 1051 1eV F9M0E P 7 10 eV
6184712 7 Tt K742 6 5 1.7 feV 9990 5

G428 02 s L2 2n 8804 ) 10008 §

641729 le4ns 8828 3 100243 ¢ S S eV
65122 1) B} 14 210 g8 2 10075 J

pl = ListPlot [Transpose[{time, dataA}], PlotRange -» All]

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
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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

Extending calibration to 1 GeV
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“Turn-key” proposal to LBNE

Item Value

RF operating frequency 2856 MHz
RF pulse flat-top duration 3us

Max. RF input power 10 MW
Max. accelerating gradient 100 MV/m
Max. beam energy at gun output 4.5 MeV
Bunch charge 0.1-1 nC
Repetition rate 10 Hz

RF operating frequency 2856 MHz
RF pulse flat-top duration 3us

Max. RF input power 15 MW
Max. accelerating gradient 20 MV/m
Max. energy gain per section 60 MeV
Repetition rate 10 Hz

The approximate breakdown of the total cost is as follows:

e Photoinjector gun system: $440,000

e Photocathode drive laser system: $481,000

e 100 MeV linear accelerator system: $628,000

e RF power system: $1,244,000

e Installation and commissioning support: $129,000
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