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Old and New Linac

DB: vOO1.dat
Cycle; 0 DB: vO01.dat

Yoz, Cycle: O
X Scatter
;‘ : Var 1;&
-—0.7552 X 1.
—0.7693 -—07815
b orsu i
B 0.7533
—D.?B?T]IS 07390
-u.721? .7 .8
it STty M 07005
Min: 0.7251
e 08
0.4 0.4
0.2 0.2
Y Y
0. L e o e e ey b p e Ry e e B e o o ] ey s
10.0 0.2 04 fos 0.8 10 %80 0.2 0a  Jos 08 1.0
X X

user: raparia user: raparia
Thu Oct 09 20:39:54 2008 Fri Oct 10 07:52:42 2008



Transverse Emittance 2009

090206_0640_F6.sem Feb 06 2009, 06:40
Page 1of 1
2.4 Horizontal:  Origin Emittance: 1.3222 4 mm-mrad Standard deviation: 10.3 %
. 1D Center | Sigma x x' R(x,x") | Gamma | Beta Alpha
L mm mm mm mrad mrad/mmimm/mrad|
|_ Origin 5.690 2.091| -0.9938| 3.3077| 24.4897| 8.9446
1.2 H1 37.70| 4.975| 4.907| 1.131| 0.9712| 0.9670| 18.2111| -4.0755
L H2 39.40 3.514 3.5086 1.860| -0.9792| 2.6162| 9.2958| 4.8291
H3 34,91 2.526 2,530 1,807| 0.9617| 2.7493| 4.8410| -3.5085
mrad 0} H4 37.83| 2.071| 2.604| 1.498|-0.9408| 1.6974| 5.1273| 2.7755
-1.2
_2-4 i L i L L 1 1
-3 1] 3 mm
2.4 Vertical: Origin Emittance: 1.5815 § mm-mrad Standard deviation: 5.1 %
* 1D Center | Sigma ¥ ¥ R{y,y') | Gamma | Beta Alpha
L mm mm mm mrad mrad/mmimm/mrad
Origin 1.407 1.566| 0.6966| 1.5516| 1.2521] -0.9710
1.2r H1 30.72| 6,183 6.173| 1,971| -0.9915| 2.4568| 24.0946| 7.6286
| H2 34.40 1.426 1.584 0.998| -0.0090| 0.6302| 1.5869| 0.0090
H3 37.53 2,708 2.647 0.643| 0.3699| 0.2614| 4.4313| -0.3981
mrad O} H4 39.71| 11.719) 11.720 2.190| 0.9981| 3.0325| 86.8594|-16.1988
-1.2+
_2-4 i i i L 1 L 1




Summary Linac Emittance and
Transmission Efficiencies

Year H V H(95%) V (95%) H(N, (95%) V(N,95%)
2007 3,2 3.5 16.0 17.5 11.04 12.075
2008 3.1 4.6 15.5 23.0 10.69 15.87
2009 1.3 1.6 6.5 8.0 4.5 55
Measurement in the LTB , MW 35 and MW 105
H 4.0
V 4.5
Source to Tank9 transmission Source emittance >27
2008 50-55% RFQ Acceptance ~2 T
2009 65-70% Linac output ~57

Can be improved further

By@ 200 MeV =0.69
Emittance=r mm mrad



Molecular Component

« ECR->HorH, at3keV

 H,break up in H and its energy is 1.5 keV
and after extraction from OPPIS, its
energy Is 33.5 keV instead of 35 keV and
IS un-polarized , this component can be as
high as 20%

 LEBT should be design such that it reject
this molecular component



Beam at NEL1=7

H A=-0.30450 B=

1.8473

50.000 mm X

300.000 mrad

V A=-0.30450 B=

1.8473

50.000 mm X

300.000 mrad

NPI=1

LEBT 2003

= 0.035 to
201.25 MHz WL = 1489 65 mm
420.000 420.000
420 256 420.256

N 7 N2 =26
PRINTOUT VALUES
PE VAL

F
EMIT
EMIT

0

e i)
o

N

o

22 47.5
MATCHING TYPE = 5
DESIRED VALUES (BEAMF)

9 Beta
X 1 020 0.0600
M 1.7020 0.0600
ATCH VARIABLES NC=4)

TIVE: 16:07:36

Beam at NEL2=26

H A=

1.5055 B= 5.12289E-02

50.000 mm X

300.000 mrad

V A=

1.6571 B= 5.48866E-02

50.000 mm X

300.000 mrad

NP2=2

50.00 mm (Horiz)

-0.02

SOL

50.00 mm (Vert)

11 12 113 14 15 ' 16 17

P

22

B 24 5 | 2)

Length- 3343.61mm




Beam at NEL1=7

H A= 0.22357 B= 1.7181
50.000 mm X 300.000 mrad
V A= 0.22357 B= 1.7181
50.000 mm X 300.000 mrad
P1=1

1 =0.0mA =1
W=10.035 to O. eV
FREQ = 201.25 MHz WL = 1489.65 mm
EMITI = 231.500 231.5
EMITO = 231.769 231.769
N1 =6 2 =
EI EOUT VALUES

e N e e )
=
~

15 2
MATCHING TYPE = 5
DESIRED VALUES (BEAMF)

X O EOOO
M 0.1000
ATCH VARIABLES

Beta
1 8000

NC 4
MPP M é )
1 6 -
1 9 2 9 22
1 12 -0.425918
1 14  0.454676

Trace 2-D_2006.02 1 12-2006
FILE: o pls 081023.t

DATE: 07/1072009

TIME: 16:02:52

LEBT 2009

Beam at NEL2=24

H A= 0.47801

B= 5.18831E-02

50.000 mm

X

300.000 mrad

V A= 0.56514

B= 4.90989E-02

50.000 mm

X

300.000 mrad

NPZ=2

50.00 mm (Horiz)

n(s)

0.6

50.00 mm (Vert)

617 1

Length=

8549.31mm




Polarization@ 200 MeV
2006, 2008 2009

2006 80.0% 2008 76.8% 2009 76.1%

Dppis Polarcization
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Comment: Apr-29-2009 13:53 In today's spin meeting, we discussed about the
source polarization over past a few years. Here are examples of the source
polarization over past a few years in run6 (left, May 2-19), run8 (middle, Jan 30-
Marl0) and run9 (Feb. 15-April 29). The vertical scales are the same. A simple
average of all visible points showed 80.0% for run6, 76.8% for run8 and 76.1%
for run9. One significant difference is that the variation of measured polarization
is large since run8. Haixin



OPPIS Optics 2008
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OPPIS Optics 2009

g}z%/o«y

9.500E+01 || | -

| Total orbits: 200

| Plotted range

i NOrbMin: = 1

NOrbMax: 200

| Plot mode: IR
Magnlfication: N
Orbit range

KMin: "-4,2728401

Wax:  4,290E+01

YMin: -4.233E+01

Tl - b Tag:  3.075E401
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Changes for 2010 and beyond

Reduce the LEBT length by 50% for High
Intensity

Add Einzel lens to improve discrimination
of molecular component

Tank quad PS reconfiguration to improve
emittance

Add fast chopper in polarized LEBT
Install LPM after Tank 9
Incorporate Einzel lens inside last solenoid




Tank-Quad Reconfiguration

B D OO mlmlnpu > \O0m O™ OO M
TANK=N Tank=N+1 TANK=N Tank=N+1

Total # quad 295
Total # PS 155

Estimated reduction
In emittance growth
IS about 20-25%

Varying PS by ¢ 40 3
+ 5%



New Einzel Lens for Molecular
Component (33.5 keV)
Discrimination

ATNCRL AT 250 TR ARCTOR YRLOT

ATNCRL AT 250 TR ARCTOR YRLOT

2500

L moT L DaTR L0 e MM

COMMENT L foraver OFF E LEDT 2000 CVLE L moT L DaTR L0 e TErEY

T=33.5keV T=35.0 keV



Changes for 2010 and beyond

Add Einzel Lens

Add Fast Chopper
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Booster



Emittance Growth due to Foll
Traversal

Assuming only source for emittance growth in the Booster is
multiple scattering due to the foil traversal

Emittance growth due to multiple scattering
Ae=0.5 NP, 62
N=number of traversal: Pulse Length, Size, Painting Scheme
B= Beta function at foil: ring lattice, (matching etc)
0= Scattering angle: Material of foil, Thickness

N0 4. 08810gm(xé /X, ) |



Foil 6 (Strip) Foil 5
127 ng/cm?2

FOI IS 100 pg/cm?

Table 1: Available foils on foil wheel.

No. | Thickness | Edge location Type
{prg/em?) | Inches from Ry

1 No Foil na

2 130 -1.00 stamp

3 100 -1.00 full

4 200 -1.00 full

5 100 -1.00 full

6 130 -1.00 strip

Stamp & Strip foil behave very similar

Foil 2 (Stamp)
127 ng/cm?2




Thin Foll

o=142:

-\,I'I X /l’ X 0

25

Stripping Efficiencies

[1+0.08810g,, (xz2 /X, 3° )].

Foil thickness eff. H-to P
200 ug 0.99458
130 ug 0.96459
100 ug 0.91296

| PolarizedTable.mon PPM User: RHIC_j/ — O X

File PPM Setup Logging Diagnostics |

OFF g EdELEC I [l Feb 13 23:46:53 Cycle 13593

I I
IBooster Input 3500
Booster Early 3771
Booster Late 3511
AGS 1st xfer 3160
AGS5 CBM 2571
AGS5 BEFORE TRANS 1733
AGS AFTER TRAMSITION 1571
AGS LATE 1572
{B Early)/{B Input) 108
(AGS CBM)/{B Late) i3
(AGS Late)/(B Late) 45
(AGS Late)/(AGS 1 xf 50
Strip 02/13/09 J

=

B
;l;l Acquire Oncel Startl




Foil 2

5 mm

:

radius

‘ The thickness that | measured is 127 ug/cm”2
for a foil labeled as 0.55 um.
This gives a density of 2.31 g/cm”3.



Emittance Measurement at BTA
MWOO06

Beam was injected in the Booster for 50us

Beam was kept on the foll for 100, 200,
300, 400 us

Then measure the beam profile iIn BTA at
MWO006

Assuming we know the beta function at
MWO0O06, beam emittance was calculated



Comparison Horizontal
Normal Lattice in Booster

N
o

—=— X Foil 5 sim

N
N
|
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3
/
)
()

—x— X Foil & meaq

o0
|

e, (m mm mrad
o

| |
O 100 200 300 400 500 600
Time (usec)



Comparison Vertical
Normal Lattice in Booster

1.5 | |
—=— Y Foil & sim
14 |—==— Y Foil 5 mea - |
/g 13 —<— Y Foil 6 meao
-
E 1.2
-
=
=~ 11 -
uﬁ B
0.9 | | | | |
O 100 200 500 400 500 c00

Time (usec)



With steering error and aperture
Normal Lattice in Booster

—8— Y Foll 5 sim =
1.6 4—— Foll /{d@/ ------- |
. e
= 1 4 / .—‘_
- >
- ; | i
&
E_ —
=
- —
W
0.6 - i
0.4 | ‘ | | |
O 100 200 500 400 200 600

Time (usec)



B-function {m)

Modified Booster Lattice




LTB Normal/Distorted

BEAM AT NEL1= 2

BEAM AT NEL2= 150

1= 0.0mA
H A= 3.2000 B= 9.9000 W= 198.6000 198.6000 MeV H A= -1.6477 B= 14.661
V A=-0.40000 B= 3.9000 FREQ= 201. 25MH WL 1489.65mm V A= 1.4640 B= 4.5173
H A= 3.2000 B= 9.9000 EMITI=  1.223 196 200.00 H A= -1.6056 B= 7.7581
V A=-0.40000 = 3.9000 EMITO= ﬁ1392 1 &gG 225.09 V A= 0.39524 B= 1.6016
PRINTOUT VALUES
PP PE VALUE
< L4
== 1 14 -2.7910 =5
1 19 3.17630
1 24 -2.11536
1 40 3.42269
1 50 -3.29889
1 53 1.58862
W 1
20.000 mm X 15.000 mrad 199 851943 20.000 mm X 15.000 mrad
% 104 %g%ﬁgg
7 A=-0.45189 B= 8.55000E-03 % %93 9: 918(2)8(1) Z A= 4.7310 B= 0.18684
7 A=-0.45189 B= 8.55000E-03 118 1062 Z A= 4.6874 B= 0.18800
1131 4.02437
1.139  -3.89232
MATCHING TYPE = 8 \
DESIRED VALUES (EEAMF)
x -l a1ph3s 134000 \
y 0.7800
ATCH VARIABLES \SNC:4)
MPP MPE ALUE
1 100 0.00000
% %9‘21 178'88383
75.000 Deg X 800.00 keV - 75.000 Deg X 800.00 keV
T 1 116 0.00000 NF=—TS0
20.00 mm (Horiz) 30.0 Deg (Long.) X-Normal

20.00 mm (Vert)

CODE: Trace 3-D v70LY
FILE: Ith 090223.t3d
- 07/13/2009

X-Distorted

Y-Distorted

Length= 56611.17mm

T

Y-Normal




&

042109

File Edit Data Plot  Miew Window

GO: ¥, % = [1239.73, 20.676]

Dirany |

x| o] >

10 —

Emittance, 95%, normalized

Vert. Strip

Vert. Stamp
Vert. 100 ug
Vert. 200 ug

la
u

|
1500 1600
FST_TM value (usec)

1700

acnmerip.phn.bnl.gay, 0.0, Untitled




2009/04/21

|

File Edit Data Plot

GO: ¥, % = [1230.62, 13.0869]

Horz. Strip

« Horz. Stamp
- Horz. 100 ug
- = Horz. 200 ug

16 —

225 R NS
elziziz 0] =l

Emittance, 95%, normalized

b | | 1 | |
[ D

1300 1400 1500 1600 )
FST_TM value (usec)

d
achmerip.pbnbnlgoy, :0.0, Untitled




Relative Foil Thickness

e Ae=nfO? ~ nf3t

Foll X: ratio of n*t Y: ratio of n*t
Mea. Mea.

200ug 2.54 2.45

Strip 1.71 1.81

Stamp 1.62 1.34

100 g 1.00 1.00



Ratio of Beta-Functions

* Ae=nP0° ~ npt =>p,/p, =Ag,/A¢,

Foll By /Bx  (X,y switch during ramp)
Mea

100 ng 0.66

200 nug 0.67

Strip 0.60

Stamp 0.81



Expected/Measured Emittance
After LEBT/MEBT Upgrade

« Atendoflinac Measured (w/o Scrapping)
H 57 mm mrad (N, 95 %) 4-5
Vv 57 mm mrad (N, 95 %) 5-6

At end of booster
assuming matched (we are matched),
present booster lattice

H 12 m mm mrad (N, 95 %), Ae, =7 10-12
V 8 = mm mrad (N, 95 %), Ae,=3 8-11
 With low beta lattice at injection (assuming matched )
H/V 8 = mm mrad (N, 95 %), Ae,=3 9-11
V/H 7 = mm mrad (N, 95 %), Ag,=2 6-7
* With low beta lattice at injection with scrapping
H/V © mm mrad (N, 95 %), 8-9 ( Scrapping)
V/H © mm mrad (N, 95 %) 2.5-3 ( Scrapping)
Booster transmission efficiencies increased by ~ 15%
Pulse length
2008 400 ps

2009 300 ps




Summary

Reduced linac output emittance by more than factor of two.
Increased transmission efficiency from source to Tank 9 by 10-15%.
No impact on polarization due to new LEBT/MEBT configuration
Linac reliability > 97%
Radiation due to losses were low every where.
Changes next year and beyond

- Reduce LEBT length for high intensity

- Add Einzel lens to increase discrimination of molecular component

- Reconfigured tank quad to reduce emittance by 20-25%

- Incorporate Einzel lens inside 2" solenoid to reduce depolarization

- Add fast chopper in polarized LEBT

New foil thickness and shape has increase the over all booster efficiencies (15%) and
reduced emittance growth

Modified booster lattice with low beta function at foil has reduce the emittance out of
booster

Want to reduce stamp foil size further

Contrary to general perception the average current on BLIP target for
last several month was more than last year.



Yes
This was an upgrade



Average pressure in the
LEBT 3.5 x 10-6 Torr.
Pressure required for
complete neutralization
with Xe gas (Gabovich

Torr

SOLENOID &
STEERING MAGNETS 1

H-MINUS SOURCE . J4[1

GATE WALVE A
DAIGNOSTICS BOX

 ENZEL LERS I,
BENDING MAGHS \
(DIFOLE 1}, A
STEERING MAGNET
.
ENZEL LENS |, Y\
GATE VALVE . N\ N\

BHL OPF S

BLIP

critical density) 3.5 x 10-6

LASER DUCT

Calculated neutralization time
Measured neutralization time
Measured losses in the LEBT
Calculated Stripping losses

Measured losses in MEBT

v

38 us
~ 40 us
20%
10%
0%

nnnnnn

Transmission throgh T1

-— ¥ o8 s
=

> 07
2 0s ot

chopper

c o0s P it

o R ad —e— Transmission ‘

0 5 10 15
Power (kW)

Configuration Before RFQ After RFQ
2 sol. + ein. Lens 30 mA 17 mA

3 sol. +ein. Lens 45 mA 22 mA
3sol. + ein. lens# 50 mA 35m

3 sol. +ein. lens + Xe 65 mA 42 mA
#Solenoid in front of RFQ and Einzel lens before



BLIP

Parameters 2008 2009

Beam Foot print @ Target

Linac RR (Hz) 6.67 6.67
DF with PP 0.85* 0.92°
Pulse width@ base (us) 412 440
Pulse height @Max (mA) 38 35
Beam outside target (%) 8 0
Collimator temp (°C) 160 70
Current within target (uA)® 71 79

"2 pulse every 4.07 sec

#Every 7™ pulse

$Calibration in current integration
Measured by BLIP



Average Current 2009

100.00

Average Beam current (UAMpHrs)

90.00

80.00

70.00

60.00

50.00

o pem g e b b ope g e

40.00

30.00 %

20.00

10.00

\ | \ -

0.00 I-d
-10.H$/1900

2/19/1900 4/9/1900 5/29/1900 7/18/1900




Accumulated current

Reliability > 97%

FY2005
FY2006
—FY2007
—e— FY2008
—— FY2009




Yield/current

2007, Red = 2008, Pink
2009

Integrated Beam Current (uAh)

Yellow

60000 B integrated beam current (UAh) 350.0
—e— total produced yield at EOB (uCi/uAh
50000 1 — 5 . ( L 3000
S i
40000 - Lo 250.0
-+ 200.0
30000 +
- 150.0
20000 + -+ 100.0
10000 + 1 500
0 e  — : : : 0.0
SN T T T T TN TN T ITT TSNS SN
O \s} I\ Q 2 O Q g Q" A O %) A\ Q » © \} Q > Q Q D ) »
® R D NP N9 N R P4 PP P 2 QN D N
RoX ,\'\r ,\‘b’ ™ ,\Cb‘ ,\QY Y Y ‘b,;l/ (b'\« o Vv Q;b ‘bq. NN NQ q‘b q@’ \’}/ ,;1/ 0 r;l/ 2 0;1/ 0;\" O)Q)
Q Q Q Q Q Q Q Q Q Q Q D> O Q Q O O Q O Q Q QO Q
A A W AP W © D DAL W WY S o
PN > Qv @'& ‘L{b \5\(9 D qu’b AV WY '\\q"b > ,ﬁ"’lx > 'b\qy N \‘19 2 Y SR Qv

Total Produced Yield at EOB
(uCi/uAh)
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