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B1H1 Target in Proton Beam Last Run
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Motivation

Target life time was poor in runl3 with higher bunch intensity
(1.6-2*10') at 255GeV. We had to replace targets twice.

We may have another 510GeV run in 2016.

Jorg carried out simulation with micro-studio which showed that the
electric-magnetic fields at the edges can be greatly reduced with added
flips (fins).

It 1s assumed that the high frequency fields induce electrons moving
back and forth, which in term heats the target tails and makes them
glowing.

About 2/3 targets are broken near the ends, which supports the idea
that the EM fields (and heating) is one possible reason for shorted
lifetime.
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Experiment Setup

Due to the clearance concern, we did not install targets at target5 and
target6 positions. We installed five targets in bluel with fins. These
fins are on both sides of a target, so a factor 10 reduction 1s expected
according to Jorg's simulation. This will make the effect easier to
distinguish.

Anatoli redesigned the fins and Jorg approved the change. In total, we
have 12 targets without fins on blue2, 8 targets on bluel (five with
fins, no targets at 5-6 positions).

Limitation of this test: we removed all S1 detectors. So there is no way
to determine the beam position by target scan from Si1 detectors. The
only information we have is the logged beam decay and target
positions, 1n addition to the recorded videos. The time stamps on
videos are wrong by a few minutes. We rely on the recording time to
synchronize with logged target positions.

DRUOURMMAVEN
4 HaiXin Huang NATI()‘.\I'.R LABORATORY



Bluel Horizontal | )
Fins Ir_‘%/‘lf‘ o 1_,.\ /_{ = ) \m_.._:\l
Targets Target Position 1 S o ' 4

i
I f Target Position 2
(4
TargetNumber T2F164-13 1 | Target Number T2F165-13
wich ¢l * & | win
* Targets 1-4 were used for e 5200 5 | ]| Tickness s20mm
Seas ! Flashed
Au beam. Resistance 1.3 MOhms . L . i\ Reklctancs A8 NGk

* Only targetl had chance Fins Lo "J/mﬁ-w’_'/ S TR | =

to be used for He3 beam. fis = & e Em | N
Targets 2 and 4 were lost Target Position 3 (1o | {7 rargetposttions
duri t t itch ﬁiﬁﬁmumber T2F172-13 l o ! . TargetNumber T2F143-13
i s i
urlng arge switch. Thickness 49.5nm i 3‘? ¥Vhlic(j:tl?ness 53.5nm
* Note that Target4 Flashed ‘ || Flashed
. . . Resistance ~1-2MOhms E L 3 Rg:is?ance 8.5 MOhms
resistance is much higher ' ] ey
than others: 8.5MOhms =< o= gw;—a-b\
VS. 1-2 MOtho : sie T‘ ST 4 ol
Target Position 5 Target Position 6
Target Number E Target Number
Width 1 s Width
Thickness Empty | Thickness o
) 3

e || | e
NI e

Blue 1 Horizontal
Upstream

5 Installed o01-28-14



Blue2 Vertical
Targets

Targets used for He3 beam.
No resistance info for
targets 2 and 4.

l\}
8
i

i "w
Target Position 2
Target Number T2F177-13
Width P
Thickness 53.0nm
Flas_hed
Resistance )

T e

r

A

Target Position 4

Target Number T2F175-13
Width
Thickness 53.0 nm

Flashed
Resistance

T T W,

ot
|

(4__.._,\& |

D T

Target Position 6

Target Number T2F 168-13
Width
Thickness 49.5 nm
Flashed
Resistance

— e ) Ny

;] Target Position 1
[ Target Number T2F141-13
& Width
l Thickness ~ 52:5nm
Flashed
L Resistance 1.4 MOhms
ke s '
£ 25
f__—( % "J
a2 =
. Target Position 3
Target Number T2F173-13
& Width
M Thickness ~ 49.5nm
. Flashed
! Resistance 2.2 MOhms
x o

LN

\‘L'EJ“"@—’

& e &= |

et

& L\“"ﬁ

—
;( - Target Pdsition 5
1
! Target Number T2F147-13
Width
Thickness 49.5 nm
Flashed
Resistance 8.6 MOhms
3

g o

Blue 2 Vertical
Downstream

Installed

01-28-14



Bluel Vertical ' .
_____ A e { e oY N Fins
Targets “' - BT L

i
( f Target Position 1
[

Target Number T2F155-13 1 Target Number  T2F136-13

Width P * & Width

Thickness 53.0nm 8 I Thickness 49.5 nm

Flashed : Flashed

Resistance 1.1 MOhms i Resistance 1.8 M Ohms
Targets used for He3 beam — 4 ks -

7

. 45 ab ji—= (53 _—\_/—) Fins
but no video recorded. g O Mo L ¢

et - 3 o e o E N e
@ o =2
Target 3 was gone (no beam s . '}_ il P
Target Position 4 i 4 9 -
lOSS generated); mu(:h Target Number T2 F 150-13 I - ; ‘ Targ’l?;rggtsll\lt::ﬂbzr T2 F133-13
. . . Widith § :
higher resistance for this Thickness  53.5m Tt THRES  so50m
Flashed t ki Flashed
target: 6.8M0hms VS. Resistance  1.4MOhms f L 1| Rg:is?ance 6.8 MOhms
) \
- o ) - —
1-2MOhms. L__W\P:ly e \} j G’f"} ? g
Sl e N - s
Target Position 6 " Target Position5
Target Number Target Number
Widith ; p Width
Thickness ' Thickness
Empty ! Empty
& . o

e e | V. * ek : |

Blue 1 Vertical
Upstream

7 Installed o01-28-14



NATIONAL LABORATORY



NATI OFN-KL LABORATORY




Provide surface for the field lines to “spread out”
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B1V1 Target (with Fins) from Top Camera

With modified design, so the reduction should be 10 times, instead of 4-5 times.
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B1H1 Target (with Fins) from Top Camera

Target is visible
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B1H2 Target (without Fins) from Top Camera

Target is visible
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Beam Test Done with Au Beam

June 5, 11:41-11:45. Tested BIH1 (with fins) and B2V (no fins).
Target tail glowing were visible for both targets. Au intensity 65*10°.

June 6, 14:05-14:10. Tested B1H1 then caused beam abort (human
error). Au intensity 59*10°.

June 10, 11:38-11:45. Tested BIH1 (with fins) and B1H2(without
fins). The glowing light is definitely stronger for target frame without

fins. we tried a few times and it is reproducible. Au intensity
66*10%(peak current 1.4A).

June 12, 17:52-17:58. The Au total intensity was 67*10%(peak current
0.75A). Tested BIH3(with fins) and B1H4(without fins). Overall, the
light from this pair 1s dimmer than BIH1 and BIH2. But the light from
frame without fins 1s still brighter. We also ramped down the RF
voltage from 650kV to 100kV 1n 20 sec. The light disappeared for the
no-fins target frame. Then when we switch back to BIH3 (with fins),
there 1s no visible light either. The correlation of light with RF voltage
1s also established.
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B1H1 with Fins Near Au Beam (1.5¢cm away)
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B1H2 without Fins Near Au Beam (1.5¢cm away)
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B1H3 with Fins Near Au Beam (1.5¢cm away)
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B1H4 without Fins Near Au Beam (1.5¢cm away)
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Vacuum Pressures(6/5), No Target Position Logged
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No target positions were logged for the first day. But the vacuum spikes were associated with every target motion. They are

quite large spikes compared to later time. They were caused by gas in the bellows. Since they have not been moved for
awhile, the vacuum spikes are quite large compared to the spikes at later time. It also takes longer time to recover.
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Target Position and Vacuum Pressures(6/6)
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The vacuum spikes were smaller this time. The biggest one was due to beam abort event.

*  Haixin Huang

BROOKHFAEN

NATIONAL LABORATORY



Tar et Position and Vacuum Pressures(6/10)

RHIC/Vacuum/edsiR12.logreq
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Some vacuum spikes took longer time to go away.
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Video file names

11h43m23s.avi June 10, 2014
11h44mb58s.avi June 10, 2014
17h53m10s.avi June 12, 2014
17h54m40s.avi June 12, 2014

All images & calculations processed by ImageJ Software

Image pixels size: 704x528
Image color: RGB color, 8-bit/color

Analysis done by Thomas Tsang. We only have two comparable
cases for Au beam. The targets with no-fin on bluel horizontal
broke during target switch in He3 beam. The last attempt on July 4
failed to record image on bluel.



Video file name: 11h44m58s.avi June 10, 2014 July 30, 2014
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Video file name: 11h43m23s.avi June 10, 2014 July 30, 2014
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Video file name: 11h44mb58s.avi June 10, 2014
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Video file name: 17h54m40s.avi June 12, 2014 July 30, 2014
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Video file name: 17h53m10s.avi June 12, 2014 July 30, 2014
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Video file name: 17h54m40s.avi June 12, 2014
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Beam Test Done with He3 Beam

June 20, 10:23-10:37. Tested B1H1, BIH3 (with fins) and B1H2,
B1H4 (no fins). He3 intensity 344%10°.

The two targets without fins were lost when I switched from 1-3-5 side
to 2-4-6 side. A big flash happened in the process but without beam
loss. Only the broken target tails were visible. Same exercise with
Gold beam also showed brighter light at the time, but did not break
target.

The target with fins were tested before and after. They were not lost
during the switch. In both cases there were no glowing light at both
ends (unlike the Au case).

July 4, 11:20-11:40. Tested B2V1, B2V3, B1V1(with fins0,
B1V3(with fins), B2V2, B2V4. But bluel camera didn’t record any
videos. So the test has not much use.
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player (on lion.pbn.bnl.g
Media Playback Audio Video Tools View Help
2014-06-20 10:37:09

B1H1 (with Fins) Crossing He3 Beam

10h24ml0s.avi - VLC media player (on lion.pbn.bnl.gov)
edia Playback Audio Video Tools View Help
2014-06-20 10:37:10
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B1H1 Target Scan crossing He3 Beam

RHIC/Polarimeter/TargetPosition.logreq 06/20/2014 10:24 - 06/20 10:25

Flle Window Markers Analysis
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Big Flash When Switching to No-fin Targets

A | 10h25m41ls.avi - VLC media player (on lion.pbn.bnl.gov) | — %

Media Playback Audio Video Tools View Help

2014-06-20 10:38:17

Haixin Huang

«“ P
D e mm| == o[ » ]
10h25m41s.avi 1.00x 00:25/01:29 4

35 FAUEN
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Six Seconds Latg:'r.....

10h25m41ls.avi - VLC media player (on lion.pbn.bnl.gov) | — o %

Media Playback Audio Video Tools View Help

2014-06-20 10:36:23

44 eer |

D wimim m=w] @lx

| 10n25m41s.avi

0.33x  00:31/01:29

We lost the two targets. * Haixin Huang
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Beam Decay

Beam loss [percent per hour]

——~

10:25:00 10:30:00 10:35:00

BlueDecay

200000

100000

-100000

10:25:00 10:30:00 10:35:00
Time (Start Fill = 18459)

—e— BlulHLinStepperPos —&— BlulHLinEncoderPos —a&— BlulHRotStepperPos —=&—  BlulHRotEncoderPos

Beam decay and target position. Note that there is no beam decay spike around 10:26:06. There is also no decay around
10:27 and 10:32 when scanning no-fin targets into the beam. They were gone by then. Repeated target with fin again at
10:37 confirmed that target was still there. So only the no-fin targets were affected.



Target Positions and Vacuum Pressures(6/20)

RHIC/Vacuum/edsiR12.logreq 06/20/2014 10:23 - 06/20 10:38

File Window Markers Analysis

200000 : d g : Voo
z i : *
150000 § ! 5 |oa
: $
100000 ; ?ﬂﬂ f
[ s .
50000 pehasmed [

LI,

-50000 |

10:25:00 10:30:00 10:35:00

—e— BlulHLinStepperPos —&— BlulHLinEncoderPos —&— BlulHRotStepperPos —=&——  BlulHRotEncoderPos
EDS IR12

Torr

10:25:00 10:30:00 10:35:00
Time (Start Fill = 18459)

bil2-cc-pw3,3,ana

Time = Fri Jun 20 10:26:14 2014+445ms, BlulHRotEncoderPos = 205110 =
Time = Fri Jun 20 10:26:14 2014+0ms, bil2-cc-pw3.3.ana = 1.86907e-09
Time = Fri Jun 20 10:25:48 2014+0ms, bil2-cc-pw3.3.ana = 4.42858e-10 =

Beam decay and target position. Note that there is no beam decay spike around 10:26:06. There is also no decay around
10:27 and 10:32 when scanning no-fin targets into the beam. They were gone by then. Repeated target with fin again at
10:37 confirmed that target was still there. So only the no-fin targets were affected.



Beam Loss At Polarimeter(6/20)

Window

Jun 20 10:37:34
Jun 20 10:38:28
Jun 20 10:35:18
Jun 20 10:34:10

Jun 20 10:33:02
L2468 ,, 20,0000
L4936 ,, 18,2468
L7404 . 16,4936
L9872 ,, 14,7404
L2340 ,, 12,9872

8
Jun 20 10:31:54 E
2
1
9,4808 ., 11,2340
7
5
4
2
0

Jun 20 10:30:46

JI276 .. 9.4808
L9744, 7.7276
W2212 ., 56,9744
L4680 ,, 4,2212
-0,1466 ,, 2,4680

Jun 20 10:29:38

Jun 20 10:28:30

|| INNNNEREN

Jun 20 10:27:22
Jun 20 10:28:14
Jun 20 10:25:06

Jun 20 10:23:58 ;
1870

T T T T T T T T T T T T T T T T

T T T T T T T T T T T T T
1975 19B0 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

S Coordinate
4696 arrays successfully read and displayed
2 BROOKHEAVEN
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Target Positions and Vacuum Pressures(6/20), zoomed in

’Q:] RHIC/Vacuum/edsiR12.logreq 06/20/2014 10:35 - 06/20 10:38 - 0O X
File Window Markers Analysis
120000
100000
80000
60000
40000
20000
o]
10:35:45 10:36:00 10:36:15 10:36:30 10:36:45 10:37:00 10:37:15 10:37:30 10:37:45 10:38:00
—a— BlulHLinStepperPos —=—  BlulHLinEncoderPos —a&— BlulHRotStepperPos ——&—— BlulHRotEncoderPos
EDS IR12
b
1E-9 f ﬁ
‘T’Ie‘f | ’ Iﬂ
Sl [ ]e
= : |I B | 1
(=] N N
: AT
: P
: | : :
: : l %D%Q,' : ! 0&%% .
: c : 2 oq
Focs A%, i O : :
10:35:45 10:36:00 10:36:15 10:36:30 10:36:45 10:37:00 10:37:15 10:37:30 10:37:45 10:38:00
Time (Start Fill = 18459)
—&— bil2-cc-pw3.3.ana
Time = Fri Jun 20 10:26:14 2014+445ms. BlulHRotEncoderPos = 205110 4]
Time = Fri Jun 20 10:26:14 2014+0ms, bil2-cc-pw3.3.ana = 1.86907e-09
Time = Fri Jun 20 10:25:48 2014+0ms, bil2-cc-pw3.3.ana = 4.42858e-10 =

* Haixin Huang
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Beam Loss At Polarimeter Zoomed in(6/20)

Window

Jun 20

Jun 20

Jun 20

Jun 20

Jun 20 [ 99,75318 ., 100,00000
[ 79,50636 ,, 89,75318

Jun 20 []69,25954 ,, 79,50636
[]59,01272 ,, £9,25954
[ 48,76590 ,, 5§9,01272

Jun 20 []38,51908 ., 48,76530
[ 28,27226 ,, 38,51908
[ 18,02544 ,, 28,27226

duiFi 20 B 7.77862 .. 1802544
B -2.46920 ,, 7,77962

Jun 20

Jun 20

Jun 20

1870 1975 1880 1985 1890 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045
S Coordinate
4696 arrays successfully read and displayed
» BROOKHAVEN
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J uly 4 Beam Test with Vertical Targets

RHIC/Polarimeter/TargetPosition.logreq 07/04/2014 11:19 - 07/04 11:42 O X

F|Ie Window Markers Analysis :

Blue Pin Diodes  Jdea was to comparce
120001 B1V (with fins) and

% r0000] B2V (without fins).

5 5 5 But the bluel

O camera did not

§ a0} i work.

i moom“w _ _ ! i hﬂ\ Wil Target B1V3(with
11:2;):00 11:2:5:00 11:3;):00 11:3:5:00 11:4;):00 ﬁns) is not there.

oz *  Quite different target
size for B2V2.

200000

150000

100000

50000

11:20:00 11:25:00 11:30:00 11:35:00 11:40:00
Time {Start Fill = 18505)

—&—  Blu2YLinEncoderPos —=&—  Blu2YRotEncoderPos

Blul¥LinEncoderPos = BlulVRotEncoderPos

Time = Fri Jul 411:37:18 2014+585ms, Blu2VRotStepperPos = 185818
Time = Fri Jul 411:41:44 2014+269ms, Blu2VRotStepperPos = 200121

42

Time = Fri Jul 411:31:47 2014+246ms, Blu2VRotStepperPos = 147436 lj

W
. . vnuvoKHAVEN
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Higher Current at End of Store for He Beam was
Likely the Reason for the Target Break

0] RHIC/Instrumentation/WCM/wemBunchLengthMan/circulatingData.logreq  06/09/2014 23:55 - 06/10 11:56

=1

~

QW RHIC/Instrumentation/WCM/wemBunchLengthMan/circulatingData.logreq 06/19/2014 17:39 - 06/20 10:51 -0X
File Window Markers Analysis File Window Markers Analysis
He beam (18459)
An heam (1R40Q) At end of store, 2.9A
"Au beam (18408) ; : z A
| At end of store, 1.4A | |
1 S 4
3
2
1
0
0 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00
0000  01:00 02:00 0300 0400 0500 06:00 07:00 08:00  09:00  10:00  11:00 Time (Start il = 18459)
Time (Start Fill = 18408)
= blu,iCH, bunchLengthscirculat ingBunchPeakCurrenth[, ] (D)
= blu, i, bunchLengthscirculat ingBunchPeakCurrentHl, ] (C) 7
Time = Fri Jun 20 05:35:03 2014+285ms, bluWCM.bunchLength:circulatingBunchPeakCurrentM[] = 2.7868
43 . Time = Fri Jun 20 05:41:48 2014+285ms, blu.WCM.bunchLength:circulatingBunchPeakCurrentM[] = 3.12302
Time = Tue Jun 10 11:44:27 2014+304ms, blu.WCM.bunchLength:circulatingBunchPeakCurrentM[] = 1.4178 in Time = Fri Jun 20 10:40:00 2014+285ms, blu.WCM.bunchLength:circulatingBunchPeakCurrentM[] = 2.90825 -/1



Proton Beam Current from Runl3 (17801)

RHIC/Instrumentation/WCM/wcmBunchLengthMan/circulatingData.logreq 06/09/2013 16:30 - 06/09 17:57

F|Ie Window Markers Analysis

Beam current is hlgher than what
we tested Wlth He3 beam

17:00 19:00 21:00 23:00 01:00 03:00 05:00 07:00

Time (Start Fill = 17601)

blu,WCH, bunchLength:circulatingBunchPeakCurrentM[,] (C) ev-accramp ev-stone ev-flattop ev-endramp

Time = Mon Jun 10 01:14:35 2013+1ms, qu.WCM.béﬁchLength:circulatingBunchPeakCurrentM[.] = 3.37823
Time = Mon Jun 10 01:16:26 2013+52ms, blu.WCM.bunchlLength:circulatingBunchPeakCurrenth[.] = 3.70724

o




Target Position and Vacuum Pressures(7/4)

RHIC/Polarimeter/TargetPosition.logreq 07/04/2014 11:19 - 07/04 11:42
File Window Markers Analysis
EDS IR12
1E8
E
(=]
-
1E97 : : : :
o Jdu‘—-} 'I;"__"’l I — ;_,,_,,_nn,,_lut__.....uug.,___,: 'I "] -
11:20:00 11:25:00 11:30:00 11:35:00 11:40:00
—— bil2-cc-pw3,3,ana
200000
150000
1000007
¥
50000
e
11:20:00 11:25:00 11:30:00 11:35:00 11:40:00
Time (Start Fill = 18505)
——— Blul¥LinStepperPos ——— BlulVLinEncoderPos ——— BlulVRotStepperfos ——— BlulVYRotEncoderPos
—8— Blu2VLinStepperPos —&— Blu2VLinEncoderPos —&—  Blu2VYRotStepperPos —#—  Blu2VRotEncoderPos
]
£
Some VaC \% s us Uyll\vu TOUOVUIY L\JLL&VL ITIIV U 5\} vy MJ .

BROOKHFAEN
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Target Position and Vacuum Pressures(7/8)

07/08/2014 14:58 - 07/08 15:17

File Window Markers Analysis

RHIC/Vacuum/edsIR12.logreq

hrsrwernnn |

200000 5 Wl
: ]
150000
100000 e
©
s
50000 o h
Y
% I
0
15:00:00 15:05:00 15:10:00 15:15:00
Blul¥LinEncoderPos Blul¥RotEncoderPos —=a— BlulHLinEncoderPos
—#—  BlulHRotEncoderPos Blu2VLinEncoderPos —&—  Blu2VRotEncoderPos
EDS IR12
1E9
E
o
[hel

15:15:00

15:00:00

15:05:00 15:10:00
Time (Start Fill = 18514)

bil2-cc-pw3,3,ana
A

Vacuum spike structures are different from with beam. Probably some pumps were turned oftf?
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What We Have Learnt So Far

With fins, the glowing light is dimmer 1n all cases. The large difference of
two pairs of target (BIH1/B1H2 and BIH3/B1H4) could be due to many
factors. The light brightness is dependent on the beam peak current, target
relative size, target resistance, and the relative positions to the camera, etc.

® Target broken during switch in He3 instead of Au beam i1s believed due to the
peak current difference. But why that position is a dangerous spot 1s not
understood.

® With 200MHz RF voltage ramped from 600kV down to 100kV, the glowing
light disappeared. This means that the ramping down RF voltage has the
similar effect as the added fins.

® [f the targets can be parked far enough and 200MHz cavity can be ramped
down when targets are in use, we don’t have problem.

® However, there 1s not enough space on 2-4-6 side to park target far away.
These targets indeed have shorter lifetime. In addition, the big flash when
switching targets underneath the beam is a real concern. This means that
targets far away from beam are still affected by the beam EM fields. The fins
as protection are needed.

DRUOURMMAVEN
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Why Targets Broke During Switching?

® The distance to beam 1s quite far.

® Some speculations: there 1s a big viewport above horizontal targets.
This 1s the difference between horizontal and vertical.

® The simulations Jorg done are for targetl in and out of beam. No
simulation for other targets or park positions. In addition, the viewport
was not 1n the simulation either.

BROGKAAVEN
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How about Proton Run?

In Proton operation, the target switch from 1-3-5 to 2-4-6 side was
rarely at store with full RF voltage.

It mostly happened without beam, with beam but at injection, or with
beam at store but with ramped down RF voltage at store.

Only one exception: April 23, 2013 in store 17417. B2V2(not flashed,
broken after 2 store measurements) was broken, and the target was
moved to park position between measurements once. The B2V4
(flashed, 4.5MOhms) was used for next three stores. But this 1s
vertical.

DRUOURMMAVEN
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Plan (1)
We need to understand the reason for the target break during switch on
June 20.

® Simulation is too slow and probably can not be done easily: large mesh
won’t be able to show the details, but small mesh may take too long.

® A test with the chamber in Bldg. 930 may be viable. We need spectrum
analyzer to see the resonance frequency of the chamber. Mike
Brennan offered help for the setup.

DRUOURMMAVEN
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Plan (2)

® The fins are helpful in reducing target glowing. Furthermore, it did
protect targets in one case. There 1s no indication of any effect on
beam, other than the beam loss when crossing beam as before.

We have shown enough fin clearance for targets 1-4 with current
design. There seems some clearance issue for the current fin design for
the 45 degree detectors. This needs to be checked both on drawing and

reality check. The design probably should be modified a little bit.

® How many should we install? Here are options we have ( I would
prefer 2 or 1):

1.

2.

3.

-+

Add for all possible ones (except 5 and 6 positions).
Add for half of all possible ones.

Add for all 2,4 targets.

Add just a few to continue the test (comparison).
Do nothing.
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