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e Challenges
e Cornell ERL prototype

e Experimental program
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e CW injector: produce 100 mA, 80 pC train @ 1300 MHz,
in < 1 mm-mrad normalized emittance, low halo with
very good photo-cathode longevity

* Maintain high Q and E___ 1n high current beam conditions

e Extract HOM’s with very high etficiency (Pygy ~ 10X
previous)

e Control BBU by improved HOM damping
 Maximize loaded Q; (control microphonics)

e Beam instrumentation and diagnostics of low energy high
power beams

ﬂq m%
\_/ USPAS’08 R & ER Linacs 3

a



Cornell University

Laboratory for Elementary-Particle Physics B e am bre akup : Ch allenge

below I, near I, above I,

1.5E+01 2.0E+01 2.0E+02 -
1.0E+01 -
_ 1.0E+01 1 _
< Q Q
3 “\ E E
[ N\
\ £
£ 0-0FE00@ : \ | 5 : 0-0 “3 2
£ 400208 *.00E-08 +oo 2 00E-0 400508 © -1.00E07 -3ROE- E+00  5.00E 38 1.00E-07 é 1.50E -1.09E- -
' ' ' ,,) ' E \ 5 06 06,
5 N -5.0E+00 S i S s
£ N £ .
£ D | , -1.0E+02 |
> " "~
. ~1.0E+01 T &%
-1.5E+01 -2:0E+01 -2.0E+02 -
position [m] position [m] position [m]

Highest current recirculated in SRF linac was 4.5 mA in year 2001
/\/\/\

U U U USPAS’08 R & ER Linacs 4



g,
¥ Cornell University

@5 Laboratory for Elementary-Particle Physics B eam bre akup : figured Out

e BBU code & theory developed for ERLs (JLAB,
Cornell, JAERI)

e Benchmarked with good accuracy in JLAB FEL

Douglas, Jordan, Merminga, Pozdeyev, Tennant, Wang, Smith, Simrock,
Bazarov, Hoffstaetter, Phys. Rev. ST: AB 9, 064403 (2006)

e Various suppression techniques successfully tested
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e Several different codes (JLAB, Cornell, JAERI)

e Mature theory; excellent agreement with codes

R/Q =50 Q, Q = 2x10%, m,, = =10 m/(eV/c) __MHoffstastter, Bazarov, Song
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e Demonstrate efficacy of achieving thermal
emittance at the end of the injector at a bunch
charge of 77 pC/bunch or some large fraction
thereof

e Understand the limitations in the 1njector (both
physics and technology) to allow for improved
design 1n the future
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e Sub-micron stability (rms) 1s required for ERL LS
in both horizontal and vertical planes

 E.g. CEBAF demonstrates 20 um rms (limited by
BPM noise)

e 10 energy stability is needed
e demonstrated at CEBAF
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o Q,=2x10"at 15-20 MV/m is desirable

e cavity/cryomodule design that minimizes
microphonics

* Q <10 for primary dipole and Q < 107 for
(resonant) monopole HOMs 1s desired

e smart HOM power handling

e superior LL. RF control
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HOM ferrite
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Cornell Low Level RF
Control System

A Cornell University

5/ Laboratory for Elementary-Particle Physics

e Successfully tested at
JLAB FEL

Demonstrated:

+ Q; =1.2x103 with I =5.5
mA energy recovered beam

e T T + Field stability 104

5.5 mA recirculated beam | —5.5 mA
0.g. — beamtakesd7kWof | —4mA || + Phase stability 0.02°
RF power —25mA
— and recovers 47 kW of |— 0o mA
0.6 RF power!

stron power [kKW]
o
&

Q_I = 1.2'108
0 0.2 0.4 0.6 0.8 1
time [sec]

0
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Two main limiting mechanisms:

e Phase space scrambling due to nonlinear space charge
3D Gaussian initial distribution Optimal initial distribution

Gaussian laser profile £ =17 mm-mrad Optimal laser profile: e =0 13 mm-—rmrad

g, = 1.7 um g, =0.13 um

-4t = i o -y
_—GCIZ h J.l— '_4*;—0'2 I; "I2 Old 06 _?TI [ DIJ1 UI? lfI] DI? Ell4 08
 Photocathode thermal emittance transverse temperature of

T — photoemitted electrons
=0

n,th X,y )
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e Birefringent crystal set pulse stacker for temporal

Intensity (a. u.)

C1 Cc2 C3 C4

-30 20 10 0
Time (ps)
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> Cut the number of decision variables to some reasonable
number (2-4) perhaps by using a simplified theoretical model
to guide you 1n this choice

» Large regions of parameter space remain unexplored

» Optimize the 1injector varying the remaining variables with the
help of a space-charge code to meet a fixed set of beam
parameters (e.g. emittance at a certain bunch charge and a
certain length)

* One ends up with a single-point design without
capitalizing on beneficial trade-offs that are present in
the system

Primary challenge in exploring the full parameter space is computational speed
/\ N\ /\
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5/ Laboratory for Elementary-Particle Physics DOin g it faster
» work harder * processor speed
» work smarter - * algorithms
* get help » parallel processing

Solution: use parallel MOGA
MnultiObjective Genetic Algorithm

* throw 1n all your design variables

*» map out whole Pareto front, 1.e. obtain -

multiple designs all of which are optimal E!
i

Genetic operators:
selection, cross-over, etc.

» use realistic injector model with your
favorite space charge code
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maximize  f,,(x1, 29, ..., 2,), m=12,....M;

subject to g;(x1,29,...,2,) >0, j=1,2,...,.J;
L U .

Q?E)g:{:igmg )3 1 =1.2,...,n.

Definition 1. A solution x, is said to dominate the
other solution a, if the solution x, 1s not worse than
xy, 1n all objectives and x, s strictly better than axp n at

least one objective. In other words, Ym € 1,2,..., M :
f(xy) > fo(xy) and IMm’ € 1, 2....317\[ : fm (xy) >
fnz"(mb)-

Definition 2. Among a set of solutions P, the nondom-
inated subset of solutions P’ are those that are not dom-
inated by any member of the set P.

When the set P is the entire search space
resulting nondominated set is called the
(Pa?"eto—opt?lmal Se?D

/\ N\ /\ Vilfredo Pareto, 1848-1923
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10 bounded decision variables, 10 constraints

.

Luminosity [1/m?/s]

—

E=30MV/m

S . . .
0 1.2 1.4 1.6 1.8 2 2.2
Total cost [$] x 10°
NN
- Yelferson Ll
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Evolving into optimal injector design

Parallel Multiobjective Evolutionary Algorithm
/\ N\ /\
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Takes some 10° simulations E; =35 meV (aka GaAs @ 780 nm)
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FIG. 10: Transverse emittance vs. bunch length for various FIG. 11: Longitudinal emittance vs. bunch length for various
charges in the injector (nC). charges in the injector (nC).

-

minimize emittance
MOQO problem: { minimize bunch length
aYava maximize bunch charge

= Jefforson fub =
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e Parallel multi-objective optimizations 1s a powertul
tool to explore limits of the system

 [s not meant to substitute but rather complement
analytical & intuitive picture of what’s going on

e Not a substitute for accurate model of the physics of
what’s going on (1.e. ‘garbage i1n, garbage out’)

e
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Optima steepness

e  Virtual injector allows absolute control of parameters, real system with a
dozen of sensitive parameters will not

Pulse duration rms 21.5 * 1.4 ps

Spot size rms
Charge
Solenoidl Bmax
Solenoid2 Bmax
Cavity1 phase
Cavity2 phase
Cavity3-5 phase
Buncher Emax
Cavityl Emax
Cavity2 Emax
Cavity3-5 Emax
Ql_grad
Q2_grad
Q3_grad
Q4_grad

/N
— Yeterson fad

AN AN/

0.640 £ 0.057 mm at §

80x 5.8 pC
0.491 £ 0.010 kG
0.532 £ 0.010 kG
-41.6 = 1.7 deg
-31.9+£ 2.0 deg
-25.7 £ 2.0 deg

5

€

E
x

©

1.73+£0.04 MV/m  °

15.4+0.3 MV/m
26.0+0.5MV/m
27.0%+0.5MV/m

0.124 + 0.002 T/m " 2|
0.184+0.002 T/m |l

E
3

0.023 + 0.002 T/m
0.100+0.002 T/m °

{a
ot .I‘Illf'." I'.‘

100 random seeds (outliers removed)
ave(e,) = 1.04 um  ave(g,) = 0.95 pm
std(e,) =0.52 um  std(e,) = 0.62 pm |

15

0 5 10

USPAS’08 R & ER Linacs
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Tolerances for optimum

10% increase in
emittance (p-t-p)

BunPhase 3.5°
Cav1Phase 3.0°
Ecavl 3.8%
Lphase 2.4°

Bl 0.37%
B2 0.85%
Qbunch 3.7%
Trms 8.0%
Vgun 0.39%

XYrms 2.4%

USPAS’08 R & ER Linacs
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ELECTROM GUN

T e q
ﬂ‘ll:l% ’* o
I

e
FACE: OF CAMITY—" LEJ

Internal
Helium dewar

1ode installation
mbly

Magnetic and thermal

shielding &

L i i
SRBE-gun

uum vessel

)
)

/N

{

4" RF shielded
gate valve

2K fill line

CRYOMODULE waCUUM WESEEL
e 20 MeV

<{tH. (@% _F}mr_;ﬁm

Beom clamp

HOM ferrite
assembly

Space frame

Tuner location
suppert structure

2K main line

Cavity assembly

Vacuum vessel

Outer magnetic shield

Heater

Thermal shield Fundamental Power

AT Coupler assembly

Inner magnetic shield

g~ 20nC
g, ~ 30 mm-mrad
| = 0.2 A

g~ 1.3nC
g, ~ 1-83 mm-mrad
| = 0.5 A

o

C
C

/
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Joint density of state
bulk P

Superlattice
CB %V. ILQ
vacuum Energy width Q'E’ kT
& AEg|
VB mey (TR ABbuK - |A |small |small
h2 A et
superlattice ’\ ....... Bulk GaAs B large larg€
= Ul ﬁ'l'\’;cuum C |large |small
e LR Al

e equipped to accurately (~meV) measure
transverse temp. of e~ at different
wavelengths

e photoemission temporal response
resolution (~ps)

/\/\/\

Gun developent lab in Wilson
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" Laboratory for Elementary-Particle Physics C atho de lifetime
cathode degradation
4 —+ :
@ CIRCY

@.@ (©) _
S C)

re-cesiation recovers Q.E.
\9 damage is only at the surfacy

collision, deposition of residual gases
dark current (and its enhancement)

existing guns ion back bombardment
CEBAF polarized gun (100kV, 0.1mA) ERL-LS
life ~ 2 x 10° C/cm? life ~ 106 C/cm?

JLAB-ERL gun (350KV, 9mA) -

life ~2x 103 C/ecm? improvement is

required
{%E” e ( f:m
A U USPAS’08 R & ER Linacs 26
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ERL PROTOTYPE

Injection Energy 5 — 15 MeV

Max ,'Avg Current 100 mA
Charge / bunch 1-400 pC Bunch Length 2 ps
Emittance (norm.) <2 um@77 pC

Eds. Gruner, Tigner; Bazarov, Belomestnykh, Bilderback, Finkelstein,

0 t;&,\l}ga t, Merminga, Padamsee, Shen, Rogers, Sinclair, Talman,
roposal to the NSF, 2001
- A AD USPAS’08 R & ER Linacs 27




V%’; Cornell University
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Sh DG

pulsed!

E..h, = 120 MV/m Ecanh = 43 MV/m Ecan = 8 MV/m
Tiaser = 2-7 PS 'MS Tiaser = 9-8 PS rMS Tiaser = 13 PS 'rMs
Ojaser = 0.5 MM rms Ojaser = 0.85 mm rms Olacer = 2 MM MS
Tiaser — Z = 0.08 mm Tiaser — 2 =0.12 mm Tiaser — 2 = 0.12
mm
2x18 MV/m . 2x6 MV/m . 2x1 MV/m

Ecath/ Es.charge = Ecath/Es.charge
same simulated emittance

Ecath / Es.charge

/\/\f\
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Emittance compensation can be achieved despite
reduced flexibility in solenoid positioning

Q [nC] Rms bunch Ex [mm- Cathode Band
Length mrad] material(&) | Peak field
(compressed)
RF 1/0.2 28ps/ 1.7 ps 0.727/ 0.3 (™) | Copper, S-Band
700 meV [120 MV/m]
DC 1/ 0.1 3ps/ 3ps 0.870.14 (**) | GaAs [15 MV/m]
35 meV (Average)
SRF | 1/0.1(*) | 5.7 ps/ 2.7 ps 0.8/ 0.23 “metallic” L-Band
(**) 184 meV [60MV/m]
(*) scaled
(**) limited by thermal emittance ~ E,[eV]
(&) Copper and GaAs use measured values, &[mm-mrad] = 4\/ 4InC] E,,,[MV/m]
but SRF gun uses generic metallic cathode
number for thermal emittance (0.3 mm-mrad per 1 mm full radius)
RF and DC guns computations are based on optimum emission pulse
“3D-ellipsoid”, whereas SRF gun computation uses “beer can”
/\ /N /\
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merger

2 f;“ e ¥ gﬁ -'%‘.—.-_-_-? " prn
- Mq{vﬁ EF_@ %ﬁ;’"—l "
B : IC L . b:@ ;ﬁl& ";ﬁ —i:ﬁ.
— - W“"‘ 2 ﬁ? A 3 'L- Wt .'ﬁ_btlg_&"_. .

g A
=

diagnostics chicane

laser entrance

« HV DC gun based photo-injector

e up to 100 mA average current, 5-15 MeV beam energy
e norm. rms emittance <1 pm at 77 pC/bunch

 rms bunch length 0.6 mm, energy spread 0.1%

; Sinclair, PAC2003, IEEE 0-7803-7739-9 (2003) 2062

AzZarov,
_ 07@/%@%0/7/ %M
A AND USPAS’08 R & ER Linacs 30




¥ Cornell University

(4 Laboratory for Elementary-Particle Physics Photo - g un

Cathode Cs:GaAs
Laser rep. rate 1.3 GHz
Wavelength 520 nm
Duration (rms) 10 ps
Vacuum <1012 Torr
/4 hv cathode field
1 space charge limit \ lasergp of
oal: 750 kV W ,
% - vl q — 47[80 E cath O-x
B 07\_/ A USPAS’08 R & ER Linacs 3
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i / T / T T p
umpdaed 01w 1 0.55 T T T oo Degrees
05 Degraes
+ 10 Degrees =
0.5 F 15Degrees 0O
1 20 Degrees
* 25 Degrees
15 30 Degrees =
0.45 | 35 Degrees » |
S
—- ’ E 04} - 3
= E g
EN 2
=, =
£ 0351 4
=
w
bs 2 g 0.3
brearn axis 0.25 -
% 002 e 006 o 0 0.2 L L ' : L '
0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
Zim) Gun Voltage (MeV)

e Focusing at the cathode 1s achieved through electrode shaping (25°
angle), brings emittance down by a factor of ~2

The drawback 1s increased aberrations from the gun (an 1ssue when

ﬁﬁhﬁfg/laié}\s/pot on the cathode to increase re-Cs interval)
USPAS’0O8 R & ER Linacs 32
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e Beam has to be matched into the main linac and
taken through the merger while being space-charge
dominated — work out procedures for space-charge
friendly optics tune-up procedures

e Final beam properties are very sensitive to about ten
different parameters that need to be ‘set right” —
controls and diagnostics must be up to the task to
provide the necessary guidance

ﬂq m%
\_/ USPAS’08 R & ER Linacs 33
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e Asymmetric transport — x-y coupling term in beam
envelope equation

 Energy change in non-zero dispersion section (CSR
and space charge) — emittance growth

QQ
<

USPAS’08 R & ER Linacs 34
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e BNL’s “zigzag” merger

15-20 MeV
From the SC RF Gun from ERL

2.5 MeV

O(8)=0,+5:8(¢,)= 4 "Achromat"conditions

Optimized TKO (') iy (s")ds' = 0; TKO () 5+ m, (s)ds’ = 0;

0 0

TKo(S’)' mu(S’)dS’ =0; TKO(S’) cS mu(s’)ds’ =0;

0 0

— Good: emittance growth due to linear correlated energy
spread from space charge 1s canceled to first order

— Bad: does not separate 2 beams (works for BNL because
recirculating energy 1s only 15-20 MeV)

— Bad: 1s longer than Cornell’s present 3-bend acrhomat,
n yielded similar emittance growth for the two

/COITY i
—JECE

USPAS’08 R & ER Linacs 35
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%«; Laboratory for Elementary-Particle Physics EXp eriment al pl an : are as

I.  Photocathode phenomena

II. Space charge dominated regime

III. Longitudinal phase space control

IV. Emittance preservation in the merger
V. High average current phenomena

VI. Achieving ultimate ‘tuned-up’ performance

e

a

m%
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A\ Cornell University
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e vam | ® Simple: gun & diagnostics line

/| * Full phase space characterization
% |  capability after the gun

e Temporal measurements with the
deflecting cavity

2 1 Vel §

- ;___Eiﬁmwﬁ mﬁ.;mi; .

II - .‘I.-ﬂ_

e Some full beam powef_
diagnostics

e Limited diagnostics after the
gun (before the module)

» Full interceptive diagnostics
capabilities at 5-15 MeV

USPAS’08 R & ER Linacs 37
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T =T
| MA1C[H,V]B01 H MA1C[H, V]A01
MA1C[H,V]B02 wfly COmector ”?’f & corrector type A
- ; i : ﬁ |
."I - :IL . o
1 _,_b : I._ Ly L !
Bl | | e ]
=1 [ 1]
t;. \- | B _-"l: i
| IA1BPAO1
IA1BPBO1 BPMtype A || | |
BPM type B IA1SDRO1 !
= ) viewscreen L |

dq
-<@W“”" %57
A AW USPAS’08 R & ER Linacs 38
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L0 layout: 15 MeV straight-thru

IA4SL[H,V]01
IA5DQDO1 A0« IA4SL[H,V]02 1A3SDRO
quadrant\c‘fetectur \Mr & vert sms\‘ viewscreen {3BP {J.L'l 1
._ s praree SO pon
| IASBPBO1 IA4BPCO1 IA3BPC02
IA5BPB02 BPM type C
BPM type B IAAWFS01
!ﬂ;ﬁgﬁg flying wire IA3BCMO1
fast current
monitor
USPAS’08 R & ER Linacs
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Cornell University
Laboratory for Elementary-Particle Physics

LO layout: merger & chicane

IB1FCB01
Faraday cup
/ IB1SYX01
-y & viewscreen IB1SDX01
7 Ly, viewscreen
I =S

merger

f
IB1SL[H,V]01

IB1BPC03 IB1BPC02
IB1BPCO1

BPM type C
IC2FCB

Faraday ¢

e IC2SYXO01
“~  viewscreen
iy
TR

- diagnostics chicane

<

I U IC1STRO1 -
f{— 1‘ viewscreen :‘ l
x — ‘fiiw ‘ . - ’(‘—-,;\‘ — TEEY
IC1BPCO03 S g B =S NN IC1BPCO1

| IC1BPC02 REMbpe.C

!

IC1WSF01

/\ ; flying wire
_ q//@mw %@(f/ -
C@U N\ \j/

USPAS’08 R & ER Linacs
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Beam position resolution: 10 pm (spec)

Energy spread resolution: 10~

Transverse beam profile resolution: 30 wm (viescreens)
10 wm (slits)
30 wm (flying wire)

Angular spread resolution: 10 prad

Pulse length (deflecting cavity&slits): 100 fs

RF phase angle: 0.5°

Ability to take phase space snapshots of the beam, both transverse
planes, and longitudinal phase space

/\/\/\
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* no moving parts

e fast DAQ

e 10 mm precision slits

kKW beam power
handling capability

measured phase space

y' [rnrad]

NN/
_ 07 e//@psm wlh
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(with slits)
e Used in:

— photoemission
response meas.

— slice transverse
emittance meas.

— longitudinal phase
space mapping

e 100 fs time resolution

YY)
- Gefferson Ll
A A USPAS’08 R & ER Linacs
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e 20 m/s flying carbon
wire

e Applicable with 0.6
MW of beam power

e Two units, one in
dispersive section to
allow studies of long-
range wake fields

<€ A AND :} USPAS’08 R & ER Linacs 44
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e One of chicane dipole
magnets to be used in the
analysis of FIR radiation
spectrum

e Applicable with 0.6 MW of
beam power

e Provides the autocorrelation
coherently enhanced spectrum ... of the bunch profile
| e e OTR foils for low beam
power measurements

107
(12.4 um)
806 cm-!

USPAS’08 R & ER Linacs 45



¥ Cornell University

;: Laboratory for Elementary-Particle Physics B eam eXp eriments

I. Photocathode phenomena
— Expl. Thermal emittance (R128) done
— Exp2. Photoemission response time (R128) 2 weeks

II. Space charge regime

— Exp3. Space charge limited extraction from the cathode
(R128) done

— Exp4. Effect of laser pulse shaping on emittance
compensation (R128) 2 weeks

— Exp3. Phase space tomography of bunched beam (R128 &
LO) 2 weeks R128 + 2 weeks LO

— Exp6. Benchmarking of space charge codes (R128 & L0O)
I week R128

— Exp7. Slice emittance studies (LLO) 2 weeks
/\/\/\
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III. Longitudinal phase space control
—  Exp8. Ballistic bunch compression (LLO) 2 weeks

—  Exp9. Longitudinal phase space mapping (LO)
2 weeks

IV. Emittance preservation in the merger

—  Expl0. Space charge induced emittance growth in
dispersive sections (LO) 2 weeks

—  Expll. CSR effect (LO) 2 weeks

-

a
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V. High average current phenomena

—  Expl2. Ion effect (R128 & L.O) / week R128 + 2
weeks L0

—  Expl3. Long range wakefield effects (LO) / week
V1. Achieving ultimate ‘tuned-up’ performance

—  Expl4. Orbit stability characterization and
feedback (LO) 2 weeks

—  Expl3. Exploration of ‘multi-knobs’ and online
optimization (LO) 3 weeks

-

a
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- Gahs thermal energy GaAsP thermal energy
T T T T T T 25':' T T T T T T T T T
& multiple apertures ¥ QE=6%
140 ;{\ GaAS +  zingle aperture scan | } } GaASP o QE=1%
\\ 200+ E i .
120+ ~ i i
-\
100 \‘\ KT, {met) = 3042 - 0.3617 & (nm) i
N 150 F ‘{’ i
80| g . ‘f
\\
™~ 100 -
B0F \% T e KT, =12148 meV at 520 nm
!
wf 3 Py : Ll |®or 0.49 mm-mrad per 1 mm rms
“ -
P! . e GaAs still best overall perform.
I?15[! EEIIIZI 55ID EDIIZI EEID ?L'IID ?éD BL'IID BEIEI 800 EIMD 4éD 4E||D 5I_'IIIZI 52|D Etlllil Eélil 5E||IZI Elilil Eﬁlil 540
weawelength (nrm) wavelength (nm)
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e Effective means of laser shaping have been devised and tested
e Beer-can distribution 1s the goal for Phasela (better shapes exist)

laser shape: where we were August 2007
temporal Spatial

gaussian

[
ddddd (ps)

goal to achieve (picture on the right is actual data)

flat-top

Intensity (a. u.)
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Laser and e-beam shape: where we are Dec 2007

A e - A ST T T T e S R e T R X e

(b)

intensity

I intensity
~
é
N
intensity

-10 0 10 20 -2

20 -10 0 10 20 -20 . .

time (ps) time (ps) time (ps)

2 z z

= @ ‘@

5 S 3

£ S £

-20 -10 0 10 20 20 -10 0 10 20 -20 -10 0 10 20
time (ps) time (ps) time (ps)

Bottom: electron beam profile measured withh deflecting cavity

(a) (b) (c)
C1 Cc2 C3 Cc4
N/
il
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SOL1 = SOL1 =

SoL2= E-beam right after the gun (250 kV) and the solenoid Ty

measured simulated cathode
- uniform gaussian

viewscreen .

longitudinal tail

articles fold.iﬁ-..;.;)ver
overfocused P 9

forms well-defined boundary
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70 pC 20070721, threshold 1.5%, By corrected by 1.06, o, by 1.03
35 | T T T T
: : : —4—¢,,, (mm-mrad)

do 1T S —egom |

smallest emittance

€,y = 1.8 £ 0.1 mm-mrad

35 36 37 3.8 349 4 4.1

YA VEaYA S0L1 ()
_ Je//@mw a{/]'
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R123, 250 kY, gauss, 150 me¥', 77 pC, 13 ps, 28k, Astra ver.1.0
10 T T T T T

[a]
T

Good agreement with Astra prediction:
77 pC/bunch: about 2 mm-mrad

i
T

T

1 1 1 1 1
0 0.01 0.0z 0.03 0.04 0.0s 0.06
Solenoid SL1 (T)

Maormalized g, (rm mrad) at SLT1

data e ASIEAL .

¥ (mrad)

1 1 1 1 1
0 0.01 0.0z 0.03 0.04 0.05 0.06
Solenoid SL1 (T)
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R128: gun & solenoid

049
08+ R
+  GPT, 20k, nstd=5
ﬁ 07 *  GPT, 20k, nstd=12 |
= * +  Astravl 0, 28k
E 06
E0sf ‘\
D4t e .
03 . . . e |06 5 350 kV
200 300 400 a00 BO0 700 aao0 O g
Gun vaoltage Youn (k) O 5_% = o o 500 kV—
] e, | o T50 KV
. . . 0.4}
e Emittance right after the gunis & g\fo% .
. . . =. LA A
within 50% of the final value = 03[ "% %ooy,
. Voo W | %%%@___J\ ______ B — A AP A—
 Establish the validity of space o2 . =
charge codes & high degree of 0.1}
emittance compensation in R128 0 | | |
0.4 0.6 0.8 1
/\/\/\ G, (mm)
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Exp9. Long. phase space map.
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Combination of slits & deflecting cavity to
allow detailed longitudinal phase space
mapping

Temporal resolution 0.1 ps, energy
resolution 10~

Wi1ll be used in a variety of studies, e.g.

— ensuring small energy spread, a prerequisite for
successful transport through the merger

QUi
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Time

Ce:YAG at the end of C2
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ASX,H,CSR ~ 025 le

elegant

_ EMS systems placed before
ﬁm - and after the merger to 1solate
the CSR emittance growth

three 15-deg dipole merger

0.25

e Phase space dilution studies as
2 4 a function of varying charge
015 and bunch length

01 e Longer term possibilities —
smaller bends, shielded
chamber

0.05 ~

CSR emittance growth [mm-mrad]

O T T T T T T T
0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

bunch length after the injector [mm]

— s, 0 P
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e Initial calculations show that running 100 mA CW will cause
problems with safe beam dump operation

e Full beam neutralization over 4 s at 10 Torr
e Possible approaches:

— develop the average-current dependant optics to account for the full beam
neutralization and slowly ramp up the current (test in R128)

— 1introduce the ion gap, e.g. 6 Uus every 60 ms (test in R128)
— the ion gap will cause large RF transients, it won’t work in LO

» Energy stored in the gun: 15.6 J — 1% transient over 1.5 us
» Energy stored in a cavity: 0.5-5 J — 1% transient over 0.1 us

— 1introduce clearing electrodes (non-trivial changes to the beamline, would

rather avoid)
N\
-1 all
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gun through the dump e zoomed in
0.05 4 . . . : :
Dl:uta-—m”A : : e
| pma Nominal size at the
“l——mwm | dump 40 =20 cm
0035 - — 20 mA
a0 A
003 F| —— 100 mé&
E 0025 F E
[a] ]
0.02F
DMafF
0.o1F
0.005 -
. X N K :
o W e 3 4 X B 7

e Jons ‘helping’ to have a small beam

250 kV — 25 kW over 4 cm diameter is probably safe on the dump

0.6 MW will not be so forgiving!

/\/\/\
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Two extremely short focal-length quads near the dump blow up the
beam by a factor of more than a hundred

Even with the raster, the spot size cannot be less than 8 cm rms at
the dump plane. Ions will throw a monkey wrench into the optical
setting.

The optics will have to incorporate the 1ons to avoid the dump
failure mechanism

Challenge: we are essentially blind at 0.6 MW near the dump as far
as the beam profile 1s concerned.

/\/\/\
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e Should develop ad-hoc means to tune-up the nonlinear system for
optimal performance

e ‘Manual’ optimization using a calculated Hessian matrix of the
beam emittance from the space charge codes:

9C
" dp.op,

e Use SVD of the Hessian to form ‘multi-knobs’ that correspond to
top few eigenvalues

e Other potentials: use online direct search method (e.g. simplex) or a
stochastic search (e.g. genetic algorithms). Analog computer
evaluations will be limited to a few hundred at most.

/\/\/\
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e Experimental plan outlined, both R128 and LO parts
are essential

e There are things we know we don’t know (e.g. 10ns),
and there are things we don’t know we don’t know.
We are concentrating on the former.

e

a
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