RFgun and Electron Beam

SuperKEKB review @ 14, June, 2016



SuperKEKB upgrade
for low emittance electron beam

SuperKEKB
required (e+/e-)

H igh cha rge low emittance is Beam energy 3.5 GeV /8.0 GeV 4.0 GeV /7.0 GeV

. e- e+ | e- e- e+ | e-
required for SuperKEKB. Bunchcharge 55 10nC/1.0nC 10 > 4.0 nC/5.0 nC
Beam emittance .41 /300 um 6 um / 20 um
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5nC 10 mm-mrad electron beam generated by RF gun.
+ 10mm-mrad emittance preservation is required.

Quasi —travelling side couple RF-Gun
with Yb-fiber and Nd/Yb solid laser system

| B | AlOph30ps-;_/ Preliminary test using DAW RF-Gun
' . ' with Nd laser system => Yb-fiber &
J-ARC Cgt D|s. Structure RF-Gu { Nd-YAG
: will be |n?talled : : due tq earthquake r_l\\_
C 1 2 3 4 S



e Last Year Schedule

— Reconfigure thermal gun for positron generation

— Step by step RF-Gun RF ageing. Following the RF-Gun
e Done reviewer’s comments

— SuperKEKB injection using stabilized existing undergroud laser (25Hz)

— New laser system in 3-2 and A-1 ground laser room
* Increase stability & pulse energy from fiber laser
* Simplify the laser system (Nd/Yb Regenerative amplifier)

 On going (Postponed the pulse shaping until Phase-lil )

— Third RF-Gun (nomal laser injection / cavity modification / cathode change)

— Simple Nd amplifier for Phase-| &'l stable injection
10 ps gaussian is enough for Phase-l (1n I1 (2nC), postponed the pulse shaping until Phase-lll
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RF-Gun for 5 nC

—e—em ittance RF)_x@5nC &90M V/m

* Space charge is dominant. o =
— Longer pulse length : 20 - 30 ps ; » eeeee —
e Stable operation is required. : j i
— Lower electric field : < 100MV/m | | sm
o T

* Focusing field must be required., ¢ *© = » © =

— Solenoid focus causes the emittance growth.
— Electric field focus preserve the emittance.

¥

EpaxMavity . BNL
Annular coupled cavity : Disk and washer / Side couple




S-band RF-Gun development strategy for SuperKEKB

e Cavity : Strong electric field focusing structure
— Disk And Washer (DAW) => 3-2
— Quasi Traveling Wave Side Couple =>A-1
— Cut Disk Structure => A-1 90 deg line and normal laser injection
=> Reduce beam divergence and projected emittance dilution

 Cathode : Long term stable cathode
— Middle QE (QE=10*~103 @266nm) and long lifetime
— Solid material (no thin film) => Metal composite cathode
=> Started from LaBg (short life time)
=> |r.Ce has very long life time and QE>10* @266nm
* Laser : Stable laser without/with temporal manipulation

— LD pumped laser medium
* Nd doped solid laser => 3-2
* Yb doped fiber and Nd/Yb solid hybrid laser => A-1

— Temporal manipulation => Yb (posteponded until Phase-llI)
=> Minimum energy spread




Pill-box cavity
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Closed gap makes focus field
Side coupled cavity is one candidate (or DAW / ACS / CDS ...)

Concentrated field This structure has long drift space
has focusing effect

This structure has focusing field.
Long drift space is problem.



E-Field

Design of a quasi traveling wave side couple RF gun

Normal side couple structure Quasi traveling wave sidecouple structure
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Quasi traveling wave side couple has stronger focusing and
accelerated gradient than DAW.



size [mm]

RF-Gun comparison

Quasi traveling wave side couple RF gun
(100 MV/m, 6mm-mrad, 13.5 MeV)

DAW-type RF gun
(90 MV/m, 5 mm-mrad, 3.2 MeV)

BNL-type RF gun
(120 MV/m, 11.0 mm-mrad, 5.5 MeV)
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Cavity design
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Mechanical design and manufacturing




Cathode : Advantage of metal composite cathode
(LaBg or Ir.Ce )

Photocathode Efficiency vs. Lifetime
10 = Justin Jimenez, A Systematic Cathode Study , Ph.D Thesis, Monterery, California

e Low Workfunction (2.8 eV)

9

10 b cssote o fffaw ~266 nm and enough QE (10%)
o Co,%0°® § Cojgans? RN ~esznm at room temperature.
= Tf * Inactive in air
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107 bl long time operation
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Time constant of initial QE decay (hours to 1/e at 1 nTorr)
The thermocathodes can also be used as photoemitters

[13]. LaBs should be noted as a promising photoemitter [14], Physica Scripta. Vol. T71, 39-45, 1997.

which has a quantum yield of about 107 at a laser wavelength  cathodes for Electron Guns
of 266 nm and 4-10™ at 532 nm for face (100). G. I. Kuznetsov



Lifetime measurement(LaB, / Ir.Ce)
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Ir.Ce Cathode [~ Condition ===
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Cavity RF conditioning

Conditioning progress was too slow aroung 12 MW input.
Frequently brake down was big problem.

Cathode rod contact?

Cathode material fixation?

Cathode material sputtering due to laser?
We have to separate causes of brake down.

1. Cavity conditioning, used dummy cathode rod without e N\
cathode material (all Cu). E> Build 6-1 ageing stand
2. Replace new cathode rod with material (new fixation is
shrinkage fit). E> A-1 RF-Gun
3. For reduce multipactoring effect, another cathode cell
design is required. E> Third RF-Gun cavity /
Current cathode New cathode

H

QEj—» e

J shrinkage fit

EE=
==




RF-Gun Pf (MW)

History of GR_A1 RF conditioning
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Curent injector beam line on up and down.

Thermionic DC gun was installed to upper beam line.

10 nC
for positron primar
70 MeV P P y
Thermioni
Acc.tube M buncher [lprebuncher [ SHB2 [[{SHB1 [T ermionic
DC gun

Energy slope

Chicane [€—| Acc.tube [€— RF gun

30 MeV
55 g/lzc 1 nC (Phase-l)

2 nC (Phase-Il)

5 nC Low emittance (Phase-lll)

10 psec  Bunch
compression



Current setup of unit Al
« Thermionic e- gun has been temporarily back in the end of May,2015.

— Radiation control license inspection

— 10 nC e- beam for e+ production

 Beam line remodeling
— Keep the rf gun beam line almost unchanged (1% acc. stracture was removed)
— Thermionic e- gun beam line: 1200 mm to 1950 mm

— Spare magnets have been used for the merger beam line.

Thermionic e- gun
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Recent achievement

Successful injection from RF-Gun to SuperKEKB HER

ring with stabilized existing underground laser
system.

RF-Gun

— The ageing process of the choke structure was done at 6-1
ageing station.

Improvement on laser system(Zhou)

— Yb fiber laser

=> 25 ps pulse length is obtained by strecher adjustment.
Nd solid laser (3-2)

— Yb solid laser (A-1 underground)



SuperKEKB HER (electron) injection

GR_A1 (RF-Gun)
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GR_A1 (RF-Gun) screen at J-ARC GU_AT (Thermal Gun) screen at J-ARC

SC_RO_31 SC_RO_31




7 hours beam charge stability. (5/19)
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Emittance measurement (Q scan method)

Horizontal (projection) | Vertical
(projection)

A1l chicane 8.3 (31.8) 26.4 (29.4)
Al M 20.3-(20.8) 17.7 (18.3)
B sector dump 48.5 (52. 21.7 (22.2)
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Should improve

- Laser Profile & jitter

- Perpendicular laser injection
- QE uniformity of IrCe cathode




On-going R&D for RF-Gun

* RF-Gun

— New CDS-type RF-Gun is under fabrication
Larger beam aperture
Simple structure enough for 5 nC generation

— Second RF-Gun installation with 90-degree arc

section.
e Cathode
— QE improvement of IrCe cathode :
Ir,Ce, => petter uniformity

Single Crystal => better QE
— Thermal assist for higher QE & cathode cleaning



Simple cavity RF gun is developed for test

Cut Disk Structure
(CDS)




In the simulation, 5 nC beam generation is possible
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Second RF gun on the 45 degree line

o Normal laser injection

110 474

2072.45

RF conditining at 6-1 is on going
before installation.

644 100 604

Studies on

- Improved RF-Gun cavity
- Normal laser injection

- Changeable cathode including alkaline cathode

Angled
laser
injection




e Last Year Schedule

— Reconfigure thermal gun for positron generation

— Step by step RF-Gun RF ageing. Following the RF-Gun
e Done reviewer’s comments

— SuperKEKB injection using stabilized existing undergroud laser (25Hz)

— New laser system in 3-2 and A-1 ground laser room
* Increase stability & pulse energy from fiber laser
* Simplify the laser system (Nd/Yb Regenerative amplifier)

 On going (Postponed the pulse shaping until Phase-lil )

— Third RF-Gun (nomal laser injection / cavity modification / cathode change)

— Simple Nd amplifier for Phase-| &'l stable injection
10 ps gaussian is enough for Phase-l (1n I1 (2nC), postponed the pulse shaping until Phase-lll
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