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Positron Production Experiment with Crystal

Positron Generation Enhancement by
Channeling Radiation and Coherent Bremsstrahlung
Using Single Crystal (Tungsten or Diamond)

[] Suggested by R. Chehab (LAL) et al, 1989

[] Technical Issues -- Vacuum, Cooling (because of Goniometer)
[1 Thick Crystal Production

[] Thickness Dependence
1 Incident and Outgoing Energy Dependence

[] Mosaicity
[1 Instant and Integrated Radiation Hardness of Crystal

[1 Composite Target (Crystal/Amorphous, Diamond+Tungsten)
[1 Simulation Code Development for Positron Generator Design
(GEANT+Channeling, Fast Code, Heating, e+ Capturing)
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Channeling and Coherent Bremsstrahlung
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Beam E xperiment in Japan

(1 INS ES 1GeV (-1999)

[] KEK Linac 3-GeV Experiment (1998)
Enhancement Confirmation

[1 KEK Linac 8-GeV/4-GeV Experiment (2000-)
More Quantitative Considerations

Collaboration
Tomsk Polytech. --- Crystal Production, Simulation Code
Tokyo Metro. Univ., Hiroshima Univ., KEK

Beam Line Construction, Detector Design, Simulation
R. Chehab --- ldeas, etc.
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EXperiment Stations

Positron Production Experiment with Crystal
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8 and 4 -GeV Experiment at KEK Linac
[1 Analyzer Line at the End of Linac

No Direct Interference against KEKB, PF, PFAR Operation
(1 8-GeV 0.2nC (~1x109) 10ps

[] 2.2mm (=0.63 Radiation Length (r.l.)) Crystal
(r.l. = 3.4mm for Tungsten)
Then 5.3mm, 9.0mm Thick Crystal
Measured E nhancement

[14-GeV - 2.2mm, 5.3mm, 9.0mm Crystals
Also 1.1mm Diamond
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8 and 4 -GeV Experiment Apparatus

Positron Detector

{Lead—GIass Calorimeter
Acrylic Cherenkov Counter

Lead Shield

e— Beam

L~
Vacuum Chamber
Goniometer Analyzer Magnet

Ap/p ~ 3.0%, A6 ~ 20mrad

Goniometer
Lucite Cerenkov Counter
ead Glass Cerenkov Counter
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Rocking Curves (scev)

Rocking Curve; |5.3mch, Pe'=20MeV/c
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Enhancement Factors (scev)

Outgoing e+

Momentum Enhancement Enhancement Enhancement
[MeV/c] (2.2-mme-thick) (5.3-mme-thick) (9.0-mme-thick)
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Positron Yields Enhancement gcev)
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9mm Crystal Generates More e+
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Positron Enhancement with 4GeV Incident Beam

[12.2,5.3, 9 mm-thick Tungsten Crystal and Amorphous
(Preliminary Analysis)
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Positron Enhancement with 4GeV and 8GeV

[12.2,5.3, 9 mm-thick Tungsten Crystal and Amorphous
(Preliminary Analysis)
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[1 Most Enhancement Occurs In the First millimeter
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Optimal Thickness and Brightness

Theoretical Work Table
- Parameters of the potential for the {111} axis and some characteristics of the radiati
by V.N.Baler, V.M.Katkov’ rs 0 l ntia or the aX1s an e cler »1/‘\50 ]eﬁ!’i(ll 1on

crystal u, (1071 m) V), &P Il a, (10-1%m) c = Lyaa R Chn L,

and V.M.Strakhovenko 729K (V) (o) RS,

Phys. Stat. Sol. 133(1986)583 (g(dd) 0.040 20 103 0.025 032 0.61 187 211 1.5(;_6_

< 0.075 54 106 0130 0.30 0.57 0.80 233 133

v 0.082 135 280 0.135  0.306 0.49 1.16 37.0 1.3

Cr 0.061 165 358 oldzz 022 (OEI) LU+ 370 SAH

- - Fe 0.068 180 363 0045 0.276 .48 146 4606 313

[] Optimal Thickness T S S o - v
Th k f t I t d W 228:8Hq) 0.050 17937 015 0215 .30 tas M2 0B85
ICKNESS OT Satulate W (TTK) 0.030 348 1235 0.027  0.228 0.50 2.38 105.0 0.61

rad I atlo n b r I g htn eSS iy amplitude of thermal vibrations. 7. . a, parameters of the potential (6). 7y depth of the poten-

tial well..c ratio of the radiation length to the effective length of photon absorption, R:1,./1 ; ratio

(at 1Gev’ Energy dependence iS Smal I) at gg = 1 GeV, wy, frequency calculated by means of (16) at ¢, = 1 GeV, L, optimal thickness o1

the crvstal at 7y = 1 CeV,

[] Brightness
at Optimal Thickness

Fig. 5. The brightness at optimal thickness in Ge,
W, Si. Cr. and diamond as a function of the
initial electron energy

Diamond Produces
3-Times Larger
Radiation than
Tungsten
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Diamond Target and Positron Enhancement

[ 1.1mm-thick Diamond + Tungsten
Diamond as Photon Emitter, Tungsten as Pair Producer

[] at 4 GeV and 8 GeV (Preliminary Analysis)
[ Far from Optimal Thickness (We need 10mm Diamond)
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Heating

] Simulation by R.Chehab, et.al "
Particle Accelerators 59(1998)19 ==

[1 22mm Amorphous, 8mm Crystal, =
4mm Crystal + 4mm Amorphous | 4«

e for 5x10 BeamPower  Target Power Target Peak G R

etatIP (kW) (kW) Temp. (°C) o 489C
8mm W(crys.) 5x1011 120 6.6 1400
4mm W(crys.) 5x1011 120 6.7 489(crys.)
+ 4mm W (amor.) 2184(amor.)
21mm W(amor.)  3.3x1011 79 27.0 2102

10GeV 150Hz, JL C(1995)-like System Assumed

© 4mmW(amor) EE -
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Summary
[1 Positron Production Enhancement with W Crystal was Measured
Dependencies on
Incident Energy (4, 8 GeV),
Target Thickness (2.2, 5.3, 9, etc mm)
Out-going Positron Energy (5,10,15,20 MeV)
1 With Thin (2.2 mm) Crystal 5-Times E nhancement was Observed
| Yield from 9mm Crystal wes Larger than 15-28mm Amorphous
| The Results will Help Refining Simulation Codes
| Diamond Compound (Thick Diamond+Tungsten) Target
May be promising

[1 Need More Heating Simulation
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