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Outline

| ntroduction

Present activities:

— Beam physics

— Advanced accelerator R& D
— |LC-related studies

Upgrade plans

Conclusions & plans
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| ntroduction

o 2 Injectorsbuilt in 1992 by FNAL/DESY with contributions
from IN,P; (Orsay), INFN (Mllano) UCLA, .

e linstdledina DESY
TTF-1 (18t POP for UV
SASE-FEL)

e linstdled at FNAL
In AO building: FNPL
e FNPL isused for beam

physics and advanced
accelerator R&D

 FNPL isforeseento
Serve as an e- injector
for SMTF

FNAL AAC SMTF May 11, 2005 Philippe Piot 3



Overview of FNPL Infrastructure

e UV laser photocathode
laser room
e Cs,Tecathodein L-band \
|
rf-gun ED T o
 Superconducting TESLA m] S ) ng:g'
cavity . mE E
Optical beamline — A N
Accelerator Control
enclosure Q00 §|} - w0 Erl PS area
] ||||||'C|||||"|'|: /
[ NI T [ I e |
o M F e 300
rxb||||||||||||||||/,V||.|I_Lﬂ,. —e
Rf gun/
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Angular-momentum-dominated beams

B, (G)
 Photoinjector production of top—200—#00—630 8001000
AM-dominated beam for S T /
e- cooling, flat beam production ~ <
. . 7t
e Check scaling law:
o
e 50F
— 2 a
(L)=eBs
c % 30f experiment
100— .
B,=683G 10 30 50 70 90 110
80t Gcz{}.‘}l]il:l.ﬂ-ﬁi mim ) -:.L::--= EB”ﬁf (neV 5)
5000
— (b}
2 anaf
£ _ B =962G
A aof P 1175 S
v =z
ol = 200
1oof
':I L ! ! L
0 2 4 6 8 . , . .
z from cathode {m) 0 0.5 | 1.5 2
Y.-E Sun et al. (U. of Chicago/ FNAL /Berkeley) Ot
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Production of flat beams

350 351 502 1854

L'V laser e

r;iﬂ R T T T l: TEE
Q%E‘r T ‘!T!TI_I ZUI_IHF._

L1 L2 L3 X3 X4 X5 X6 X7 X8

3770
e Usea3skew guadrupoles \
= torque = removesL, =

e 1stPOPIN99 (D. Edwardset al)

» Feb 2005, achieved (95% rms)z | |8
e, /e~ 100+5 (=41/041) =

-5 =3 —10
 Further optimizations with / G D
X6 L 3 X7 X8 I
] 0

0

new photocathode drive laser
(using stacked pulses) N T R - 10

X (mm)

Y.-E Sun et al. (U. of Chicago/ FNAL/Berkeley)
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Photo-emission & dark current studies

1.40 1.00
a

* Dependence of QE and dark
current on gun solenoid

=
)
o

:\5;1.00 - : = Sett Nngs
Sow {00 g
g dumme| © QE + dark current increase
&0 A S when B-field on cathode is
Round |02 zero (round beam settings)
Round Beam Flat Beam Beam

time (hours)

e Intricatereation
between observed
effects on QE/dark
current and rf-multi-
pacting during rf

Charge (nC)

pul se turn-on/off

B Charge - Prim.
¢ Charge - Buck.
®* Delay - Prim.
* Delay - Buck.

R. Fliller 111, W. Hartung (FNAL/M SU)
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Fast-kicker testsfor ILC damping ring

BPM9

Aluminum housing

l |ﬂ]tenmte +HV fead +HV feed

=
3
<
=
&
U’)
o
l,._ — p—
1 \@
At termination resistors
- - _ , 3
: ceramic beam pipe

e
i b i
o : : o — - [ |ﬂ|temme -HW feed -HY fE;d |
“fast” kicker experiment (mock-up) Optical table

plan view

beam

Y aG screen XU!

(_>—— OTR screen XU1
: Eal
|
7 —OTR sfreen XU2
(:)— OTR spreen XU3

e ~i{] (I —

R& D on fast kicker aimed to shorten _ /

|LC damping ring

» Beam-based measurement of kick rising
time will be done at FNPL

« Phasel (installed): mockup experiment
using transmission-line kicker = test of
pulser + measurement methods

e Phasell: install a prototype fast kicker

G. Gallin et al. (Ul @ Urbana Champaign + FNAL + Cornell)
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Bunch-length diagnostics with coherent radiation

L
Path difference (mm)

| Power Spectrum |

0 CTR autocorrelation / .
R S
[N + N (N 1] - |Apparatus response |

. Many Ilmltatlonsfor sub-mm gj\
bunch (FIR detectors, diffraction, WM
...) being investigated at FNPL o B

D. Mihalcea U. Happek et al. (NIU & U. of Georgia)
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Plasma focusing in under-dense regime

e Uses dlectrostatic forcesto
focus beam In both directions

. B'= »3 10 ™"n, [T/m]
Zeoc
 De-magnified by afactor 22
Fi ﬂ =]
i
Iz
/_,/ \
Unfecused - 5 electron pulses a0 m'rmmimﬁm:l e
EE
b /)
|
Focused - 1 electron pulse - - Transverse Fosition (um)

M. Thompson et al. (UCLA)

Translatable

Mask

Collimating
Lens

Light to Camera
(Streak Camera)
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|nver se Cerenkov acceleration (ICA)

1R 1ases as—filled

chamber

Doublet

Sll
L
=
/
i oo
e Acceeration or e- witha 5
radially polarized |aser
e Produced TM",, mode
° i nvai gatm expa-i mmt 200 300 .400 500 GO0 200 4(?:] L:;::::Il
feasibility at E=40 MV, ** Wi
« ICA will produce micro- Sem|Zmprr | | e
@ oos}| — gl % 03
bunched beam at 1 mm e =l 2
= possible use of theseshort & | A"~ o
. . [ e 2 dSer o
pUI % I n Otha- expal mmt 8_ g M5 40 405 00' - -‘ICIE'I - -200- -353- -430- -S-DO
energy (MeV) O,y \HM
* Need 40-50MeV e- beam! R. Tikhoplav et al. (U. of Rochester / FNAL)
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R& D toward polarized e sourcefor ILC

* Need to operate GaAs cathode in rf-gun
e GaAsrequires P~1012Torr in DC guns

e Cool rf-gun with N, to lower equilibrium pressure

1.E-09

__1E-10

1E-11

1.E-09

__LE10

CH

H,0

CON,
Ar CO,

=
[TI
-
[N

—Warm - no RF
—Warm - RF

1E-12

Partial Pressure (torr - N2 eq

1.E-13 ]

1E-14

0 10 2IO 3IO 40 50
Mass (AMU)

An RGA spectrum with and without RF in a

room temperature gun. All of the gases in

the system, save hydrogen, are outgassed

when RF is applied to the gun.

R. Fliller 111, (FNAL); SBIR with AES

=
m
AN
N

Partial Pressure (torr - N2eq

1.E-13 11

— Cold - RF
— Cold - no RF

1.E-14
0 10

An RGA spectrum with and without RF in a

20

30 40

Mass (AMU)

gun cooled to 92 K with liquid Nitrogen. Only
methane and argon noticeably increase with

RF applied.

FNAL AAC SMTF

May 11, 2005
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R& D on 3.9 GHz Deflecting cavity

 SCRF TM,,, mode cavity developed for CKM exp.
e Can be used as bunch length diagnostics
e Crab cavity?

3.0E+09
15— T T r — 2.5E+09
) NNANANNDAVNN RS ‘.
\\\\\\\\\\\\ P (]
RSt ENY .
AM}“¥ ;f 2.0E+09 T
g o t
b i 1.5E+09 T
> 05 \ * Runl * Run2 ® Design Goal
/L N\
Ap sz VAN
R EEEREEE IR 1.0E+09 7
_15 - P AT B I I 1 PR WS
5 1 05 © O5 1 15
x (cm) 5.0E+08

VIV R
sV UV UV - (MVim)

ast&,gags

z (m)

L. Bellantoni, T. Koeth et al. (FNAL/U. of Rutgers)
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R& D on 3.9 GHz accelerating mode cavity

SCRF TM y;, mode cavity
developed for linearization of (z,d)

Applications to many project: FEL-
drivers operating at 1.3 GHz, post
damping ring BC for ILC

N. Solyak T. khabiboulline et al. (FNAL/DESY)

FNAL AAC SMTF May 11, 2005 Philippe Piot
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Upgrade plansfor FNPL

» Main motivation for upgrade: higher energy; beam morerigid
+ less subject to space charge forcesO (g2)

 Inthe upgrade process some problems with the present
beamline will be addressed (e.g. bunch compression)

* Recycle present beamline

« Staged upgrade:

— Phasel (startsin Jan 2006): install 2™ cavity + new downstream
beamline that still fitsin the present AO bunker (FNPL upgrade @ A0)
= possible test with beam of 3.9 GHz cavities
= beam physics

— Phasell (in SMTF building): re-optimize injector for ILC parameters
Integrate the two 3.9 GHz cavities in the injector design

= continue beam physics and adv. acc. R&D
= provide a40-50 MeV e- injector for SMTF

— In parallel: continue upgrading the photocathode drive-laser and
develop acylindrical-symmetric rf-gun

FNAL AAC SMTF May 11, 2005 Philippe Piot 15



Overview of FNPL upgrade @ AO

e Generation and acceleration section

photocathode - e
manipulator RF gun{ TESLA cavities12.5+25MV/m |
< — > | | — | >
“-:J | I — I | I -
: — B\l — 1
T ] I
; x y/ \\L J/w \V,
E 4 1/10 E [MeV]
Q=1nC S .
& 2
E — MM
E 1
0" 05 : : : : : :
distance from photocathode (m)
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Overview of FNPL upgrade @ AO

* Transport and diagnostics section
q

User area
3.9GHz test’?

Round-to-flat

transformer

compressor

T2|| ili

o)

D

S

o User area

*8' Adv. Acc. R&D

R W g
I T4 I I Il

e B o e B e B e e e o e ol e |

i

FNAL AAC SMTF

May 11, 2005
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FNPL upgrade @ AO: ILC parameters

e Generation of 3.2 nC with
0ge< 5 mm-mrad possible

 Bunch compression = high |
= wakefield, HOM studies

-
-

e
(=)

- Optimized emit.
Vs charge

o003

Doz
0.01

0
am
o
.02

104

emittance (mim-mrad)

N oo 20 2 9 @ o

.l'
-
)
Gl
1

g

3 4 5 8
charge (nC)

6 0 1 2 3

Q=1nC

% 0 2 4

—+ » Ww/0 39 harm section

(w long cathode laser)
BC is nonlinear

o Easy togets, closeto
|LC specs

FNAL AAC SMTF

May 11, 2005 Philippe Piot 18



FNPL upgrade @ AO: 3.9 GHz cavitiestests

 |deally would liketo install both 3.9 GHz cavitiesin
FNPL; not possible due to space constraints

o But still can do relevant tests for each cavity

o Test of TMyy, cavity
to measure bunch
length after BC
(ssmulations using
3D field from HFSS)

o Test of TMy,, cavity
to lower energy spread
when 1.3 GHz section
operated on crest

X\/SV
i 4

-4 -2 0 2 4
xio®

10

AR g N DA

x10®

p—

% trans. profile

Qi;roﬁle

—
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Overview of FNPL @ SMTF

* Re-locate FNPL at SMTF location
* re-optimize distance between rf-gun and 1t cavity

 Integrate both 3.9 GHz cavities in the accelerator (if proper
HOM -damping possible for deflecting cavity)

Acc. cavity 39 GHz ~ Def. cavity 39 GHz ~ Acc. Module 1.3 Ghz

" . \

HE .. i
< 30m g
?g " Assumed aflat-top photo-
& K' cathode | aser
E Q=3.2nC
© 25 mm-mrad
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|mportant needed R& D

o A key component in the INjeCtor, .o xwmes  PHYSICAL REVIEW LETTERS ke
Isthe ph hode laser
S t € p Ot Ocat Ode How to Realize Uniform Three-Dimensional Ellipsoidal Electron Bunches

- na/\l O$I | I ator (dl Ode pumped) 0.l Luitenf‘ S.B. van der Geer, M. . de Loos, F B. Kiewiet, and M. I. van der Wiel
1 Lindhoven University of Technology, Center for Plasma Physics and Rodiation Technology,
I ngal | w at FN PL (M ay 2005) PO. Box 513, 5600 MB Eindhoven, The Netherlands
{Received 23 April 2004; published 25 August 2004)

- Current WOrk al mS at (1) pl'OdUCI ng Uniform three-dimensional ellipsoidal distributions of charge are the ultimate goal in charged

particle accelerator physics because of their linear internal force fields. Such bunches remain ellipsoidal

u nl for m tl me— dl Stl’l butl On (2) with perfectly linear position-momentum phase space correlations in any linear transport system. We

present a method, based on photoemission by radially shaped femtosecond laser pulses, to actually

improving IR? UV quadrupling e bt

— Theamplification chain is obsolete
= upgrade to diode-pumped
amplification

 RF-gun R& D isneeded:

— cylindrical-symmetric rf-gun (smilar

to DESY and BESSY)

— mixed frequency guns (SLAC) Ao
[FNPL will have both 1.3 and 3.9
GHz sources]

waveguide

bucking codl

athcriramn
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Conclusion +plans

« Continue current activities up to early 2006:
— Further optimization of flat beam

— Beam dynamics study of beam parameters for different
laser time profile (uniformvs Gaussian)

— New diagnostics: OTRI, test of new OTR radiator, TOF
measurements, EO-imaging
« Early 2006 install 2" cavity
— optimize beam parameters at 40-50 MeV
— HOM measurements?
— Laser acceleration experiment in user area?

 Later in 2006:
— Modify bunch compressor
— ingtall CKM cavity (need 3.9 GHz rf-system integrated)
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