FEHHEBEEFITSIATDOREEKEZTDIEH

KEKEY pEgkt gHiEse?
EFIBATE . /M —BR 2. mm_{;gﬁa,b

a) RKIEa - YiE
b) Bt - RF¥E



Motivation

RIKEN Project :
Cold HCI beam (<~eV/q) generation project.

Requirements :
* Positrons of >106 for positron cooling of HCls
* UHV (<10 "Torr) to avoid recombination loss of HCls

e * accumulator works in UHV
with relatively high efficiency

Concept of the new accumulation

Collisional dumping with trapped electrons : GAS FREE

No Collisional Energy Loss Collisional Energy loss

with Elctron Plasma
Time of Flight: 10 s
—e) eclro
E:asman
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J S —
Wmsitmn Plasma

Synchrotron cooling
time constant: 10-1s



Positron Accumulation Scheme

Multi-Ring Trap (MRT)

Super-conducting Solenoi
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Required AE of e™ for Thier Accumulation

(10~30%)
: Ell
AE: Energy Loss {Re-emltted et | rt3eV
l Bulk

................... P o e
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PN Yy w J1 .

Image Charge Potential | p(et)

e+ Loss Processes Energy Distribution
* Ps Formation of Re-Emitted e+

* Trapping into Surface State

(In case of W)
If AE is >~3eV, re-emittd e+ would be accumulated.

Required e~ Plasma for e* Accumulation
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-dE/dL(eV/cm) = a n,(cm3) / E(eV) (a=~1 .5x10'12, if Te <E)
o= (AE/Z) + (OL ne L /AE) Ei: etinjection Energy

AE: Required Energy Loss (~3eV)

AEin < (2 o he L )1/2 nef e_‘ Plasma Density
L : e~ Plasma Length



¢ Injection Energy into ¢” Plasma

7)) . . -
i . Potential in e Plasma
- e” Beam
m Potential in ¢” Plasma
V()=4*10"n, 1*
| =
E) E(1)=4*10"n (r;q1)°
S
=
e
0 I'max
(Beam Radius)
I
e" Energy Distrubution
A 1n e Plasma
¢ plasma Accumulation Possible (AE>AEtrap)
/M A-L»
S
—% B e Energy Width -
V(r)=(n.e r2)/(4eo) 0 Fum o
=B ne(cm>3)r2(cm)
— 4x1077V If e™ beam flux density is flat,
(B =~4x cm) dN/dE=dN/dr x dr/dE=1/Emax

Accumulation Efficiency of Re-emitted e™
(Order Estimation)

Etrap _ (AEtrap/Z) + (_O( Ne L /AEtrap)
E max - B ner%ax

12 5 o -7
(a=1.5x10 cm eV’ f=4x10 cm eV)




Switching Magnet

to ECR lon Source

Radiation
Shield

R

Curbed
Solenoi

%

SRR
B
RS
RIS

Slow e*™ Source

22Na (~22mCi)

Ne moderator (0.22%)

1.6x106 e*/s

Sli

I

Faraday cup

I

MCP

Gamma Ray
Detector mmmm

| Lens

1a

Valve
Coill

Pump, e” Gun
Deflector(ExB)

Bellows

Pump, lon Beam Monitor

Sli

=
X

S—— Unipotent

=T

Beam Diameter
~10mm @ B

+
e

= T—
(

10mT

c
e,
)

O
SCA

=

+
e

iciency (~50%)

Eff

X 2005
QRORRIRIIRAIRR

OSSOSO SOOI OIS OGO IO I OIS0

QORI HRHXHHHK K

Trap)

Ing

R

(Mult

ERXIXZXZXZ XXX ZRZXZ XXX XKL XIS
SR RR KKK IPEHAUX XL KK XHXHAXRXKLHXKHXRAXRK
R HRIRERIARHIRHNIIRIIRIHHRHRHXHHHRR

SRR LR ARIRARANLHL KK RXRAXRAS

QRRARRRRAIR

R R RIIIIAIRK
K
2000200000000, 0. 0,000, 0000000000000000060005~000 o0 %
A IR

A R RS
QR R R ARAIEIRKS,
000000‘000000000000000000000000000000‘000000‘000000000 3223R2RITHRAIRY

KX X XA A AR X HH NN N K K K KR8 2500505555L

000000000000‘0 00000000000000
O, 00,0 0,0, 0‘0000000000000000060000000‘00000000
O ERRRREEERRRRIES

X
RRRRI

Faraday cup

RRRXIRR
SRR

RO0RRRIRIRENRS

CRRAR

LR RIAEIIHNRHRHK RS
QAR RELRRRHRAS

togs
20
NI
o 205520502

3]

QOHHXHHXHIKIR

Gamma Ray
Detector

(Phosphor Screen)




Bl

Superconducting Solenoid
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Slow Positron Source
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Experimetnal Setup

_ ., Faraday Cup &
Superconducting Solenoid Phosphor Screen
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500mm



a) Multi-Ring Trap (MRT)
Ring Electrode —— Shielded Cable

Terminal

1 g —

Support Ring

Insulator (AIN)

F——— 100mm

b) Re-Moderator Holder (movable)

-

Aperture (15mm ¢ ) ck
~ Re-Moderator Holder (9mm ¢ )




Confiment of e~ Plasma

[x10"]
2

[26mm]|

Light spot on the phosphor screen
installed in 0.05T B-field

Total Electron Number
[——

0 10 20 30 40 50 60

Electron Beam Injection Time [sec]
(I=~1pA)

Plasma Parameters
Total e~ Number : Nie=1.8x10"
(80% 1n Spheroid)
Plasma Diameter : Dpla=1.1 (mm)
Plasma Length : Lpia=33 (cm)
e~ Density : ne=7x10'"(cm™)



Optimization of Re-moderator Bias
1 (b)
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(b) Voia=~Vr
Large Energy Loss
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No Energy Loss

Estimation of e Accumulation Efficiency (c)
E = n X Etrap / Emax . ~002

n=~0.1 : Re-moderation Efficiency

Etrap (AE/Z) + ((X neL /AE) AE=~3eV, rmax=2.5x10'2cm
Buap _ L = ~0.20 fmax=2.5x10 " om
max B Nelfax (0=1.5x10" em>eV> B=4x10 ¢m V)




Effect of Positive Ions

ov Vre

— —— lons enhance
La Lo Le¢ ¢ "trapping here

Lc/ (La‘l‘Lb‘|‘Lc): ~0.14

(Experimental Result)
€ (WITHOUT 1ons)
& (WITH 10ns)

= ~0.1

¢ : e TAccumulation Efficiency into the Harmonic Well



Summary

* et were accumulated directly into UHV trap

with an e~ plasma
* Accumulation Efficiency

1% (v.s. 1njected e into re-moderator)

* Accumulation Rate
3.6x102 et/s/mCi (*2Na)

e Accumulation in UHV

10° . ——T—
— 104k N, buffer gas—=UHV @ _
<
NZ 103 To be improved (x 50)
'5 ) ¢ plasma dumping |
= 102 (This report)
+Q . . .
L Ps 1onization
o 10"} O -
<
% @® Resistive dumping
10° N T B |

1994 1996 1998 2000 2002 2004

Published Year

Accumulation Rate

To be improved
Ne moderator efficiency : 0.22% ---> 0.7%
et 1njection efficiency : 50% ---> 100%

e™ beam daiameter (@B=10mT) : 10mm ---> Smm

e~ plasma length : 30cm ---> 60cm
Re-moderator

W(-3eV) ---> Cu(-1eV) : low required energy loss
In site annealing : higher re-moderation efficiency

(x~50)

X3
X 2
x 4
X 2

X ?
X ?



SPring8 Positron Source

l

Positron Trap

Positron Trap Applications

Plasma Physics
(e+ e- Plasma, Astrophysics, e+ cooling)
Low Energy Collision
(Interaction with Gases)
Anti-Matter Production
(Cold Hbar Production)
High Quality Positron Beam Source
(Ultra Low Energy Beam / Micro Beam)
High Density Positronium Production
(Ps TOF, Ps BEC, Ps Beam, Hbar Production)





