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Introduction of the E-target for SRing

m E-target for Spectrometry Ring

. Injected from HFRS =
U35+ (Booster Ring) Jifg-:i:—__mdl_—u—-—- Eﬂﬂmﬁ,___m_:h
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— fixed target (HFRS) ,},.%%\__ L
L\
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» Dielectronic Recombination (DR) experiment
of H-like, He-like, and Li-like highly charged

heavy ions

» Higher order QED effects in strong fields,

KLL resonance of highly charged heavy ions
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Introduction of the E-target for SRing Q@ ,

B DR spectroscopy of highly charged ions 10
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» To scan e-i collision energy by detuning e- target energy =

> To collect reaction products after downstream dipole
» Spectroscopy at CM energy coordinate 4|—Ek




Introduction of the E-target for SRing

B Motivation and goals 10° -

» Higher energy revolution for DR
. Isotope shift and hyperfine splitting
>  Better efficiency and stability
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Introduction of the E-target for SRing

B Experimental requirement

Electron energy of target 10-80keV
Detuning voltage range 1-200V
Detuning voltage precision 1V
Detuning rising/trailing time 50us
Transverse temperature of e beam SmeV
Longitudinal temperature of e beam 0.1meV
Electron density at interaction section 2 X 10%cm™3
E-target thickness 2 %X 10"%cm™2%s1
1
6E = = kT, + kT, + \/2E, KT,

2
Key parameters for E-target : TEMPERATURE



Introduction of the E-target for SRing Q&

B Detuning
Ek_E-cooling

7N
» HVPS + Detuning PS
2-10s
> HV Amplifier PS =0l e
S &
« Amplitude: +£200V ‘|_|_|—|J 2 .;
« Ripplelevel: 5-107* 1]
» Energy range: n - 200V v Al
3 : L [ Ek_E-target
- Ul *IL{L{ 10~80keV
< Tl > < TZ > < T"‘ - —>




General design of the E-target Q&

B E-target layout at SRing
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Operated at Normal mod:
LA J BX_ET - 18m; By_ET - 17m .

S . = ion: 3.4mm -1.8mm

TGT aperture: @270mm l
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General design of the E-target iﬂi .

ﬂHV transmissi

m E-target layout Ll

> e~ gun section

. wipaq .9

> Toroid section

> Interaction section

uoI3das unb .3
Collector

> Collector section : : :
Interaction section

> HV transmission Wi Qb »




General design of the E-target

B E-target technical parameters

Ripple of HV platform
Magnetic filed at cathode
Magnetic filed at interaction section
Magnetic adiabatic expansion factor
Field parallelism at interaction section
Electron beam current
Cathode diameter
Adiabatic acceleration length
Effective length of interaction section
Collection efficiency
Total length of e-target
Beam aperture at interaction section
Vacuum pressure at interaction section
Interface flange of e-target

+1x107°
1.27T
0.03~0.06 T
20~40
1x107*
200 mA (hot cathode)
10 mm
1.25 m
1.6 m
99.95%
55m
@270 mm
1x107° Pa
VF300

10



General design of the E-target

B E-target cutaway view
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General design of the E-target

B Key points on low-temperature electron beam

« Initial temperature at cathode: kT, cathode=kT|cathode=0-1€V

+ Low temperature at interaction section: kT, (5rget ~SmeV, kTjtarget ~0.1meV

v Transverse temperature : Magnetic adiabatic expansion

v Longitudinal temperature: Adiabatic acceleration

> Typical parameters: Bs ¢4rger = 0.0395T, Bs gun = 1.2T, a = 30
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General design of the E-target

B Electron gun section diagram

r [mm]

500

400

300

200

100,

ET 1.2T gun section

..

|
‘%l
' 0

A )

()
\.Eés

Air

.
)

Cathode Grig Anode

3

o

A

)
A Y

Cer::\mit:'a'ccelera*tiun'.tube'.with'ele'ct'rodes

800

Insulation gas SF;@2atm

-
...-

1000

s [mm]

1200

1400

1600

1800

Vacuum

2000

0.75

0.25

0
2200

Bs [T]

13



General design of the E-target

B Transverse temperature

» Magnetic adiabatic expansion
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General design of the E-target

B Transverse temperature

> By space charge field of electron beam

vle \°
KT, (ﬁBeS r)

_ 0.01meV 10keV
0.06meV 80keV

> By transition in Toroid field

_ As \°
kTJ_bend X ﬁ "V AL' Sln(T[ ’ )'_L)
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0.01meV 80keV
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General design of the E-target

B Transverse temperature

> By field distortion at junctions of Toroid and solenoid
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General design of the E-target Q& .

B Transverse temperature 6

I
= 395Gs

> By radial electric field at acceleration
tube entrance and exit

E 2
kTJ_accT X <Y ’ ;cc ’ 1‘)
S

kT_Lsum [meV]

_ 0.007meV 10keV
0.6mel/ 80keV

» Sum of all listed influencing factors

lesum =kTJ_exp + k TJ_aCCT Ek [keV]

+kT ags + kT pend + kT sc KT | yn < SmeV
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General design of the E-target

B Longitudinal temperature

> By Longitudinal-Longitudinal Relaxation (LLR)

Longitudinal density decrease by acceleration

et 1_ {46ueV 10keV

kTIILLR = Crrr 47TE_0 ‘N 33ueV 80keV

v LLR affect suppression

Acceleration in quasi-equilibrium state of electron
plasma, i.e. adiabatic acceleration

1 1dE
T, Ep dt

<1

kTLLr [neV]

50

38 52
Ek [keV]
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General design of the E-target

B Longitudinal temperature

« Adiabatic acceleration:
1 1dE, S
acc — ) S
w, Ej dt =
gl
_ IBC . 1 dT" .LT“—:']
(,()p T" dS 55
Z.
c 1dE —
w, Ey ds A

P J43ueV 10keV

Energy: 80keV

1.4 . | ' ' 2
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il EEREEEE
0.8lt
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0.6 |
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General design of the E-target

B Longitudinal temperature

> By energy increase of electron beam

B kTJ_cathodez _ }0.45ueV 10keV
leIEk — —

(y + DE, 0.05ueV 80keV

> By ripples of HV platform

2
LT = Ek 5UHV _ OS,LleV 10keV
P = (y + D)\ Upy 3.7ueV 80keV

kTgx [neV]

20 30 40 50 60 70
Ek [keV]

kTIIrip [ueV]

1x10°°> 2x10°° 3x10° 4x10"° 5x10°
SUyv/Unv



General design of the E-target

B Longitudinal temperature

» Transverse-Longitudinal Relaxation (TLR)
kT, < kT, caused by acceleration

« kT, increased by collision of electrons or relaxation

v TLR affect suppression
« To increase guiding field (> 0.027T)

1,
kT”TLR B X _(kTJ_) 1/21n eXp _23
2b,

_ 12ueV 10keV
1.3ueV 80keV

b

)

.

KTyrLR Bs [HEV]

15

10
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General design of the E-target

B Longitudinal temperature

> By space charge field of electron beam

N, >
leIsc_ie o F (5rie» 19ie ’ ltarget) %
_ (11neV 10kev )

0.2ueV 80keV

30 40 50
E, [keV]
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General design of the E-target

B Longitudinal temperature

kT isum= KT qdc
+kT||TLR_BS -+ lelEk

+kTyrip + kTjsc ie

kT||Sum< 100[13[,

kTIIsum [HeV]

60

20

101

0
10
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General design of the E-target

B Solutions on low-temperature electron beam

> Transverse temperature: kT, < 5meV

« By expansion longitudinal magnetic field from 1.2T at cathode to 0.04T at

interaction section adiabatically with &, < 1.0

» Longitudinal temperature: kTsu,~0.05meV < 0.1meV

« By 1.25m length of acceleration adiabatically with &,.. < 1.0

24



General design of the E-target Q@

B Longitudinal magnetic field along orbit of electron beam

121 E-gun sec. Toroid Interaction sec. Toroid Coll. sec.

1.0

0.8
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0.2 —
- LT S A

0.0

: | : | : | : | : | : | : | : | :
0] 1000 2000 3000 4000 5000 6000 7000 8000 9000
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General design of the E-target iﬂi

B Main coils arrangement

. . . . — (1))
» Parallelism at interaction section —— -
= < ] =0
B = 5
S — P
L ~1 X 10 4 — A | zoon
B = ()
s = 9
» Field distortion at junctions of - = 1 o
Toroid and solenoid L (e e

J 1000

AB; \o,
7/

Interactidfsection

~+5-1073

S
14 coils at gun section

20 coils at Toroid

36 coils at interaction section

YV V VYV V

13 coils at coll. section




General design of the E-target ﬁl_‘\é .

B E-gun Solenoid 1.2T Solenoid axis magnetic field
- / \ > Aperture: $200mm
524998 5000 OV v ! / \ > Current: 1250A

3.500000E+000 1.0 / \ > Power: 128kW

. / \
| \
_ | |

3.000000E+000

0.1

5.000000E-001

ord 0.0 0.0 0.0 0.0 0.0 0.0

1669898E001  OPERA-3D mode R 1%° ¢ 0%

Component: -BY, from buffer: Line, Integral = 485. 718230087248
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General design of the E-target Q@
B Magnetic field distribution along orbit of ion beam
500
_ — B, [Gs]
> Field strength at half 400 -
« B, - horizontal field 300 4
- B, - vertical field '
= 200-
O,
m” 100 -
> Local orbit correction
4 H/V orbit correctors 0
No need of compensation -100 -
of longitudinal field 200 -
3000 -2000  -1000 O 1000 2000 3000

s [mm]) .



General design of the E-target Q@

B Electron gun schematic diagram

usAMm v1.3 19-09-201/ 15:11 torgetgunnewomm

NIT=15
] R(mm ) ' ' ' ' Wnin(keU)=|4.82
» Uniform electron beam 1A )=|8.209
— JMIA cm**%2 1=|0. 284
« Convex oxide cathode " iy,
_ i Tmid(eV)=[8.079
e (Cathode size: ®10mm Ri(nm )=|0
— Zl1imm )=|400
e Electron current: 209mA R2(mm =10
: 36 | Z2(mm )=|400
e Anode voltage: 4.8kV
. . o
e (Grid voltage: 800V . | % ]
* Gun perveance: ~0.6uP
12
4] i
300 1 344 388 432 476 71 55 ]

Cathode



General design of the E-target i’—“i

B Acceleration tube

NEC product (2FA059260)
Electrode aperture ®67mm

» Acceleration length 1250mm
Electrode gap 12.7mm

» SF6 gas pressure 2atm

» Bakeable temperature 200°C

> Internal Pressure 1.0x10-% Pa

» Non-magnetic electrode and welding
» Ceramic support (lay flat)

y /. L Each acceleration tube:
° S 22-gap and 319mm length
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General design of the E-target

Interaction section solenoid

» Length: 2.23m
» Effective length: 1.6m

» Coil internal diameter: @400mm

r [mm]

» Aperture: @270mm
> Field Parallelism : 1x 10™*

» Number of separated coils: 36

Interaction section

T 300

Solenoid coil

200F : : —1200
| Correction coils |

1000

s [mm]

r [mm]

100

2000

Typical e-cooled
ion beam envelope
in DR experiment
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General design of the E-target

B Collector

» Collection efficiency: 99.95%

» Power: 1kW

» Leakage current by water: 4uA@20GQ
» Bakeable temperature: 200°C

> Internal pressure: 1.0x10-° Pa

» Ceramic support (lay flat)
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General design of the E-target

B Test bench

=

| ThEEER A‘
H‘\ :1 2l ': “

» Pressure: 105 ~106 Pa

——

> Electron gun test

.x

» Collector test

| __ W e r
=il -
] | - > 0 b4 | |
j skl
B) ‘ -_
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General design of the E-target

B Assembly layout

5.5m X 5.2m X 1.9m

» Size:

<
o




General design of the E-target Q@

B HV power supply system

Power supply Voltage Current Remarks
HV platform 80 kV 5 mA Ripple ~+ 1.0 x 107>
Detuning PS +200 V >5 mA Rising time < 50us
Anode 8 kV 5mA
Grid 2~3kV 5 mA
Cathode Heating 20V 5A
Suppressor 3kV 5 mA

Collector 3kV 1A

35



General design of the E-target

B Vacuum system

> Pressure required at interaction section: 1 - 107°Pa

e Total surface of vacuum chamber: ~5.6 m?

« Total gas flux in case of unbaked vacuum chamber: ~3.7 - 107%2Pa - /s
e Total gas flux in case of baked vacuum chamber: ~5.7 - 107 ®Pa - I /s

» Vacuum pumps
e 2ion pumps with speed of 400 [/s, and 16 titanium getter pumps
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General design of the E-target

B Power supply for magnetic field system

Power supply Current Power Remark
Gun solenoid 1250A 128kW
Transition solenoids 850A 60kW Gun and collector
Toroid 480A 142kW
Interaction solenoid 100A 15kW
Collector solenoid 870A 32kW
Dipole correctors 300A 36kW lon beam orbit correction

Internal correctors 10A 150W

Electron beam orbit correction
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General design of the E-target

B Water cooling system
» Number of Hydraulic supplies: 12

» Total water flow: 25ton/hr

Gun Gun transition 40° 50° Interaction Collector Collector Dipole
solenoid solenoid Toroid Toroid solenoid solenoid cooling correctors
Wat
ftowllssg  1.03 1.05 0.72 0.77 7.56 1.05 0.01 0.04
Number 1 1 2 2 1 1 1 2
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Summary Q&

Design parameters of 80keV e-target meet the requirement on electron
temperature, energy, density and thickness on high-precision electron-ion

recombination experiments at Spectrometry Ring

Main solutions to low temperature electron beam are magnetic expansion

adiabatically from 1.2T and adiabatic acceleration within 1.25m length.

Basically, detailed design on subsystems are progressing smoothly. But on
developing some key technologies such as acceleration tube and electron
gun, the progresses goes slowly and details should be studied carefully.

Maybe like the process of opening Matryoshka, there is still many further

unknown inside for us.
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