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* AD people:

* W. Pellico (head of proton source), C.Y. Tan
K. Duel, R. Riley, V. Scarpine.

* TD people:

* (G. Velev, V. Kashikhin, A. Makarc
»* Thanks to BNL pre-injector g

* J. Alessi, D. Raparia, M. Ok

Fermilab,
P.O. Box 500
Batavia, IL 60510



ye 1968 Hardware

n Source
2\ ribbon beam
_ Current about 50-60mA

Cockcroft Waltons
750keV
Current about 45 - 55 mA

MEBT section
Quads and buncher before Tank 1
Dipole to accommodate another
H- source + Cockcroft Walton

Fermilab,
P.O. Box 500
Batavia, IL 60510
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The components are getting harder to maintain
Critical personnel have retired.
Components getting harder to find and replace

Critical failure of I- column in early 2010 which required a rebuild.

As system ages, more time and attention required to maintain
reliability of system.

Going to RFQ system should increase beam quality and system
reliability.

Very good results from BNL when they switched from Cockcroft-
Walton to RFQ system. Done in 1989. (21 years late to the party)

Fermilab, I
P.O. Box 500
Batavia, IL 60
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Objectives
* This is not an R&D project
* Copy as much as possible from an existing injector

* BNL injector is used as basis of design.

* Use as much as possible existing infrastructure, technology and
expertise.

* Convert slit magnetron source to round magnetron source

* BNL style source. Very good reliability and performance > 90mA at 500
us, more than 6 months before any change required.

*  750keV RFQ 60mA 200MHz (not technology limited)
* Better performance
* Atleast 10-15% improvement in efficiency to Booster.

*  Support future operations — Nova, Mu2E, MicroBooNE, G-2,
Runlll

# Fermilab, |
P.O. Box 500
== caiavio 1L 605
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BNL improvements in magnetron power efficiency

Cathode H- (mA) Arc | (A) Arc V (V) Pwr effic L|fet|me
(mA/KW) (months)

W

‘ 4 magne ron power efl |C|ency

W

ECENNERSE

Slit /grooved

Cathode material blocking the
cesium inlet opening in anode

New anode showing
cesium inlet

We have to run high arc currents ~
50A In order to get 50mA+ of H- out
of the source for Linac operations.
This causes increased cathode
erosion and reduced source lifetime.
BNL needs only 10A of arc current to
get 100mA of H- beam current. Their
cathode erosion is greatly reduced
which leads to longer source
lifetimes.

Fermilab,

P.O. Box 500
Batavia, IL 60510




I- Test Source

, H- source test source (modified
”””””” = from HINS) source at 35keV

| 40mA at extraction
Wrong cone.
Should get 90mA at 35kV
extraction.
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Solenoid

Einzel Lens

R R R EC R RA R R R

Einzel Lens On at -36kV

Preliminary experiments have shown
that Einzel lens will not spark at 37kV
with or without H-

Reason for chopper
Want rise/fall time of H- < 1us.
Want control of length of pulse.
Want to neutralize the LEBT before

chopping.

Einzel Lens Off

Fermilab,
P.O. Box 50
Batavia, IL ¢




First results

Rl
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Beam at NEL1=1

H A=-0.36000 B= 1.81000E-02

™
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150.000 mrad

B= 1.81000E-02

150.000 mrad

I=20.0m Q= -1
to 0,035 MeV

W = 0.035
= 201.24 MHz WL = 1489.73 mm
= 176.0 176.0

2496.
MATCHING TYPE = 5
DESIRED VALUES (BEAMF)

Alpha Beta
X 2‘%060 0.0809
MA 2.6060 0.0809
TCH VARIABLES (NC=2)
MPP MPE _VALUE
2 13,71
1 4 2496.23

Trace 2-D 2006.02 1-12-2006
FILE: fnal lebtd.t2d

DATE: 06/07/2010
TIME: 13:47:23

Beam at NEL2=35

H A= 2.6059 B= 8.08923E-02

\ g
\
\ N\
%

200.000 mrad

B= 8.08923E-02

200.000 mrad

Length= 1173.86mm




TN E 2 750keV RFQ.
< 60mA beam current
1.3m long.
Rod design.
Alwin Schempp designer

Expected delivery, early
2011

i dphi-dw(deg-ev)

Phase-space projections at end of cell 102
y-yp (em-radian)

1%

Fermilab,

P.O. Box
Batavia, |




60mA beam

Input: o« = 1.5, B=5.1 cm/rad €=210 pi mm mrad

Output:

-0.18, B, = 12.5 cm/rad, € _(rms nor

0.07, By = 5.5 cm/rad, €, (rms N

0.21, B, = 1170 deg/MeV, €

* Fermilab,

P.O. Box 500
== coiavia, 1L 60o1u

BAISC OPERATING SPECIFICATIONS

Operating Frequency
Frequency Tuning Range
Input Energy

Output Energy

Repetition Rate

Design Beam Current

Pulse Length

Input Transverse Emittance
Output Transverse Emittance
Output Longitudinal Emittance
Input Twiss Parameters®
Output Twiss Parameters*
Acceleration Efficiency
Power Consumption
Sparking Rate

Vacuum Pressure (Operating)
X-Ray Emission

Expected Lifetime

201.25 MHz
+/- 100KHz (slug tuning range)
35KeV
750 KeV
15Hz
60 mA
up to 100 us
031 mm-mrad RMS Normalized
031 mm-mrad RMS Normalized
<50 KeV deg Normahzed 6sigma

= y. == yequal within +/-10%
Need to be developed and checked
>95% @ full beam current
100 kW + Beam Power
< 10+ sparks/pulse @ design power
<3 x 10”7 torr @ design power
<Smrem/hr @ 1foot

20 years




ReREr Plated

“Grooves” are an artifact of
compression. Not there in real lif

Fernilis
P.O. Box 500
Batavia, IL 60510




2fore and after buncher
Xperience

cause they run very hard.

l____"are 45mm (~55 physical length)
2> Don't know whether can run at our rep rate of 15Hz

give comparable capture at the end of Tank 1

- work is being done at TD to shorten the quads to ~55 physical
2ngth.

Fermilab,
P.O. Box 500
Batavia, IL 60510
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MEBT Quad Str

FNAL doublets

— Quad1: 26.8 T/m
— Quad2: 22.9 T/m
— Quad3: 17.6 T/m
— Quad4: 16.7 T/m

Fermilab,
P.O. Box 500
Batavia, IL 60510
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L o .
Vertical Dipole, | / . Guadrupole Coi

Vertical Dipole.

Horlzontal Dipole.

Fermilab
P.O. Box
Batavia,




Pictures from
BNL. Thanks to
M. Okamura.
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Transport using Schempp data
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" FNAL

IX| TRACE 3D --- INTERACTIVE BEAM TRANSPORT PROGRAM 11/17/2010 VERSION 69y file fnal_doublets.t3d

Trace3D

On00n
File Hard Copy Driver Options Commands Help
BEAM AT NEL1l= 1 1= 60 . OmA BEAM AT NEL2= 22
H A=-3.8%000E-02 | B= 0.12700 W= 0.7500 0.7500 MeV H A= -1.3334 B= 0.13781
V B=-8.13000E-02 | B= 5.57000E-02 phhRo= Zg%-gggﬂz 53W}5&489éfgngb vV B= 7.3926 B= 1.0284
EMITO= 63.876 54.343  983.26 .
Nl= 1 N2= 22 e
A PRINTOUT VALUES -7~
o T PP PE VALUE L
- ; 1 2 20.00000 ~
: : 1 4 20.00000 ™
) K 1 6 20.00000 -
- - 1 10 0.03598 L
oot MATCHING TYPE = 8§ ~ .
DESIRED VALUES (BEAMF) <
algha beta T
x -0.7901 0.1502
0.7495 0.1045
5.000 mm X 100.000 mrad M%Egg gggIABLES éﬁ%ﬁﬁ) 10.000 mm X 100.000 mrad
1 3 -26.80310
Z A= 0.21000 E= 1.1100 Tl 3288300 Z A= 0.37528 E= 1.9533
1 13 16.73034
N CODE: Trace 3-D v69ly PO
H 4 FILE: fnal doublets.t3d i AN
i DATE: 11/18/2010 : :
| ! TIME: 10:37:32 . ‘:
180.000 Deg X 75.00 keV 180.000 Deg X 75.00 keV
NP1= 1 NPZ= 32
20.00 mm (Horiz) 90.0 Deg (Long.)
4,00 mm (Centroid)
I R —
| Q | 0 €} | Q | Q | ololg |oje|d E;
T 3 b5k 7 5 1o 11 12 w31 s 15 Ta s 19 20 21 ‘243b256‘7¢8h9@a
T / T o — -
\. — \ o —
20700 M {Centroid) Transverse horz Length= 1118.52
Lbomm o tver haralv fite 1n sngth— » Jemm
oarcry rmto irl
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Transport using Schempp data
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File Hard Copy Driver Options Commands Help

BEAM AT NEL1=

H A=-3.89000E-02
V RA=-8.13000E-02

5.000 mm

100.000 mrad

Z A= 0.21000

B= 1.1100

180.000 Deg X

75.00 kev

NPI= 1

NL Trace3D

I=
= 0.7500
FREQ= 201.25MHz
EMITI= 56.850
EMITO= 58.398
Nl=

MATCHING TYPE
DESIRED VALUES
alpha
b4 -1.4649
¥ -0.1467
Z 0.4761
MATCH VARIABLES
MPP MPE

: Trace 3-D v69ly

: bnl doubletsZ.t3d

: 11/T8/2010
13:57:35

BEAM AT NELZ=

H A=-0,96155
VvV A= 1.0583

10.000 mm

X 100.000 mrad

Z A= 0.73019%

B= 1.8109

180.000 Deg

X

20.00 mm (Horiz)

90.0 Deg

4,00 mm (Centroid)

(Long.)

Length= 908 .52mm




Goﬁcﬂ~v  

shutdown of 2011.

Fermilab,
P.O. Box 500
Batavia, IL 60510
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