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Abstract

Goal

High—-Energy Electron Storage Ring (8GeV)
+ High Magnetic Field (10T Superconducting Wiggler : S CW)
— High-Energy Synchrotron Radiation (~MeV)

— Production of Positrons
Use of High-Energy Synchrotron Radiation
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Brief History

19954~
19994
2000%1A
20015118~
2002%48H
20024 9H

2002%11A

2002%12HA

S CWEMED - DFRET. B%&t. R&D (with Budker INP. Russia)
S CWS5ERE Fabricated
SPring-8 IZHRA. EhREEAER. RHIBAITE Transported to SP8, Field Meas.
RHEARE. REICAIT-REEEZRBEORE cooling, Vac. Comp.
BRE) LT 5 IIEBREBIZERE, Installed in Storage Ring
1EIBEDE—LGRER (0. 1mA) 1st Beam Test

BFE—LIZHT 22EERT=, Effects on Electron Beam
2EE®DOE—LGEE (max.0.91mA @ 9.5T) 2nd Beam Test

BaTR. BAFGEDERT—2 Moo Radiation Level, Heat Load

AR RD FILERTE LT=o Spectrum Meas. of Synch. Rad.

-« « T—REER  data analysis in progress

E?ﬁ 1) ‘/7:’: Y mfo ﬂﬁ%ﬂ%iﬁﬁﬁl:iﬁ&o Moved to Test Bench




Superconducting Wiggler

10T
10T @@ Electron Beam

Critical Photon Energy = 0. 43MeV
for E.=8GeV, B=10T

Horizontal ~ +25mrad
Vertical ~ +25urad for 1MeVy

T | . a1 te
. - il 3 =




-

SCW Installed in the Storage Ring (August, 2002)

after




Photon Beamline in the Beam Test

Be t0.25mm

Pb Shield



Critical Photon Energy

Bending Radius: p = E,/(ecB)
p[m] = 3.336 E [GeV] / B[T]
e.g. E,=8GeV, B=10T — p=2.7m (SCW)
B=0.68T — p=39m (Bending Magnet)

Critical Photon Energy: ¢, =ho,
w, = 3y3¢/ (2p)
where y=E, / m,
e, [keV] =0.665 E2[GeV] B[T]
e.g. E,=8GeV, B=10T — ¢, =426 keV (SCW)
B=0.68T — ¢, =29 keV (Bending Magnet)

Most of the power is found in frequencies near w,.



Photon Flux Density

o-component: dF_ /dQ =A (o / wy)? (1 +x2)2 (Ky/3(n))?2 o
n—component: dF_ /dQ =A (v / w)? (1 +x%) x2 (K;;3(n))? polarization

Total: dF/de = dF. /dQ + dF, /dQ o

where

A=3/4n?)oy? (Aw / o) (I/e)

a=1/137,  =photon energy, I =beam current
X=yy

N = (w/20) (1+x2)372 electron

dF, /dQ [photons /s /mrad? /0. 1% BW / mA]
=1.325 x 1010 E 2[GeV] (0w / we)? (1 +x5)2% (Ky/3(n))?2

dF,. /dQ [photons /s /mrad? /0. 1% BW / mA]
=1.325 x 1010 E 2[GeV] (0 / wg)? (1 +x2) x% (K;/3(n))?

K.-J. Kim, AIP Conf. Proc. 184 (AIP, 1989) p.565.
J.D. Jackson, “Classical Electrodynamics”, (Wisley, 2nd ed.) sect. 14.6.



Photon Flux Density (contd.)
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Photon Flux Density (contd.)
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Photon Flux

Integrating flux density over the vertical angle vy, we have

dF, /d6 =C (G(y) +yK,/;3(y))
dF, /do=C (G(y) -y K,/5(y))
dF/d6 = dF, /do6 + dF_/d6 = 2 C G(y)

where

C=3"2/(4n)ay (Aw / w) (I/e)

0: orbital angle in the horizontal direction
y=w/ o,

G(y) =y Iyoo K5/3 (y’) dy’

dF/do [photons /s /mrad /0.1%BW/mA] = 2. 460 x 1010 E_[GeV] G (y)




Flux[photons/s/mrad/100keV-BW/mA]

Photon Flux from 10T Field

1015 8GeV, 1mA

—ANMT L O~N00D —ANMT OO~ 0D

Photon Energy[MeV]

Number of Photons with

Energies Higher than 1MeV
= 1.5%x1013/s/mrad/mA




SCW

Electron Beam




Dipole Field of SCW
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Photon Flux from 10T SCW

Flux [photons/s/mrad/0. 1%BW/mA]

8GeV, 1mA
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Electron Orbit
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Radiation Power and Power Density

dP./dQ = (dP/dQ), (I +x2)5?
dP./dQ = (dP/dQ), (5/T) x2 (1 + x2)71/2
dP/dQ =d P, /dQ +d P, /dQ

where
dP/dQ), = (1/16)c the) (5 / p) (I/e) ... power in forward direction

X=vy

(dP/dQ ), [W/mrad? /mA] =5.420 x 103 E_,*[GeV] B[T]

Integrating over the angles, we have

P=(2/3)a <he) (4* AB / p) (1/e)
PIW/mrad /mA] =4.220 x 1073 Ee3 [GeV] B[T]

PP, =71

e.g. E,=8GeV, B=10T — P=22W/mrad/mA (SCW)
B=0.68T — P=1.5W/mrad/mA (Bending Magnet)



Radiation Power Density from 10T field on Al-Window
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Radiation Power Density from 10T SCW
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Power [W/mrad /mA]

Radiation Power from 10T SCW
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Radiation Power Density on Al-Window (Median Plane)

8GeV, 1mA
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Time-Structure of Synchrotron Radiation

RF Accelerating Frequency : 508. 58MHz

1.9/ns
e i\) :’ Ring Circumference : 1435.9488m

~40ps Total Number of RF Buckets : 2436
(FWHM) | Time between Buckets : 1.97ns
-I RevolutionPeriod : 4. 719 us

Beam Current without SCW
Multi—Bunch Operation : 100mA (User-Time.,/ 1—H —iEERks)
Single-Bunch Operation: ~ a few mA (Usual /iE%)

~16mA (Maximum,/BZEDHxKIE)



Observed Synchrotron Radiation

10mm




Field: 10T 5

Estimation of Positrons Produced at Al-Window (Cal.)

x108

Bin Width: 50keV ]

Material: Al t3mm (26.2m downstream) o
Aperture for Photons: 2.38mrad 3§ 4
o [
No. of Produced Positrons SN
: =7.1x10* g |
No. of High-Ene. Photons E
= 2
No. of Emitted Positrons *; 1 [
: =4.4x10% @& !
No. of High-Ene. Photons ;
ol
; ; BOLUL LN ~O M~
— Emitted Positrons: SN IPN TN IPN PV PN
1.6x101° /s/mA (Cal.) Kinetic Energy of Positron[MeV]

SENOE—LTA VIE. BEFERAICREILENTULV =DIFTIXEL,
The beaml ine was not optimized for positron production.



How to increase the number of positrons ... (estimation)

Al-Window Smm
5 e/ v =4 4%x10%
Pb-Plate e/ v =6.3x10"% (t=2. 0mm)
20mm =1.3%x103 (t=1. Omm)

t
3.3x103% (t=0. 5mm)

HAELHLRMHHEETR, £CT...

L hERTS. e/ v =1.0x107

0. 1Tmm (t=0. 1mm, 5mrad)

200m

EL, BITEREXREL S,

1MeV LL_E® photon number 1.5x10'3/s/mrad/mA ZEifti[=hH (T3 &
— Emitted e* : 1.5x10'"/s/mrad/mA
Moderator T x10* &Iz ->1=& L T#H 1.5x10"/s/mrad/mA ... too optimistic?




| Effects on the Electron Beam: Closed Orbit Distortion
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Effects on the Electron Beam: Beam Size

Horizontal Beam Size at Injection Point Bunch Length
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Radiation Level Measurements

TLD GAFCHROMIG Film

more than 104Gy

around photon absorber
(dose: 0.9mAx1h)



Summary

8GeV BFERU > JIC SCH #/EL. RK 9. 7T FTHBE L TRIRLF—RFLDORERR
1ot BE. SOW [FMEZTHh, TR MRUFIZTEMNTINS,

SCW was installed in storage ring. Beam Test was carried out with max. field of 9.7T. SCW has now
been removed and is in the test-bench.

EREFE—LICHT B8 Effects on Electron Beam
- FEFREYOHR. BEKETOERMASMNTE,
- RETOLORJ|BATELGL, - OBt —YTF—ICRE,

Nothing special but non-negligible. Beam injection was possible with SCW ON.
Gt #E. BAB T Radiation Level, Heat Load
- hBEYEL, FEREBO=HICIE RD XBELBEDHI S,

Very high. R&D will be neeed for permanent use in the future.
IEEFDE R detection of positrons
RO PAZHLD Iy HEOBAZ VAT F7RD )L ENA]l TRAEN, "y O T5H9UF
DB, Nal OBFRICKDIA—DRETSECRMETELI T,

We tried detection of 3y-decay of positronium with Silica aerogels and Nal but could not due to
high back-ground level and radiation damage of Nal.
ELIRILX—HIEDARY NIVBITE spectrum measurement of high-energy synchrotron radiation
- EREFHZE 250 EREICHIY. Nal TRARY FILERIE LTz, IMeV fHADHE (HExE)
FEHELLCE-TLNS (BHFH) .

We tried spectrum measurement of high-energy synchrotron radiation with Nal. Stored electrons
were reduced to about 250. Absolute strength around 1MeV agrees well with calculation. ... analysis
in progress




