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C-AD Vacuum Systems
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RHIC Beam Vacuum Systems S

3.8 km x 2 (Blue + Yellow), 84% @4.5K
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RHIC Vacuum Requirement
(BNL-47070, Rhoades-Brown & Harrison, Dec. 1991, D. Trbojevic, Feb. 1993)

p = 2x10*" molecules/cm?
= Warm < 5x1071° Torr (~ 90% H, )
Cold < 1x10" Torr (H, and He)

Beam — gas interactions for Au*”® at y = 30 (lowest energy @ store)
Electron Capture (t)

OREC =a Zp5 ZT / Y ~ 5X1 0-25 Cm2
ONREC = b Zp5 ZT5 / Y ~ 4x1 0-32 sz
GvAC =d Zp%Z42 In(yly,) ~ 2x10%7 cm?

Nuclear Scattering (t + detector bkg)
ON =T RN2 =T [1 25 (AT1I3 + Ap1l3)]2 ~ 2.5X1O-24 sz

1/t=cBpXo Th.g > 200 hr (» Tjgg ~ 10 hr)

Rate (beam-gas, / =+ 40m ) = N,/ p on

< 1x10#/ bunch crossing @ £~2x10%6 cm2 s (s. White, Oct.,1991)
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Layout of RHIC Arc Cold Bore Vacuum
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Cold bore pumps and gauges

CCG and Sorption pump every other 15m
Pump down with TMP to e-3 Torr
Most CCGs read low e-9 to mid e-10 Torr

o ;! M:: CQS END VOLUME

% g l"" EI : CORRECTOR SIDE
Sorption Pumps with 300g charcoal CCGs with a 1.5mx1” ® conduit to cold bore
@ ~ 10K, S(He) ~ 2 /s Q~10° Torr.l/s,C<1lls
P (He) e-10 Torr @ Q(He) > 30 Torr.I = P ~10° Torr

Brookhaven Science Associates H.C. Hseuh, Status and Upgrade of RHIC Beam Vacuum Systems BROOKHELVEN
ICFA13, Dec. 9 - 12, 2003 NATIONAL LABORATORY

U.S. Department of Energy



Measurement of He pressure and travel speed
In cold bore during FST

CCG readings with 4e-5 scc/s x 9 days He leak Mc
Sun Feb 9 00:00:02 EST 1997
With controlled leak of 4e-5 scc/s x S S A =
9 days in RHIC 500m arc @ 4.5K - :
With sorption pumps and CCGs at B R Distance of

)

Wby Sty & Ik g N o

e e L 2 .}'tl.l\_,!.’.-....;”,._".,m ETTRREEY L Tt B A K

] I el T A T Yinat
1

30m intervals - \ 30m/ CCG from leak : R

. . - _" ] lil" i 5y
Result agrees well with physical 10781 o RN N T W | S SR
. . — A AV " ' et .
adsorption model with steep - i ™B0m | -
adsorption front - e | | A
L : 1 : 90|1'| ) ,J-"ut\_,_ o "k*
Verified the usefulness of sorption I R i T ]
pumps in slowing down He travel ' mﬂﬂwﬁmmﬂﬂf’*
| -
CCGs are sensitive to He AP to i ]
| _
~ 1010 Torr i -

TR |1 lllllll I T S S S N T 1 [ S S R

40 60 380
Time - (hours)
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Travel Time (hour)

Sorption pumps slowed down the He

wave significantly

Sorption pumps reduced the He
pressure profile by several decades

Helium Travel Time in RHIC Cold Bore

Pressure Profile inside RHIC Cold Bore

1E+03 with 4.56-7 Taur.Us (4.4 K) He leak 1E-04 with 4.5e-7 TorT.ls (4.4K) leak for 6 days
with sorption pumps 1E-05
—__’______—-————-_-'—'__—_-_-—--’_——__—__“_——_—___-———-_.
1E+02 = 1E-06 | /
i w/o pumps
¥
I 1E07
®
1E+01 o
#» 1E-08 ¢
w
g
. o <
without pumps % 1E-00 -
16400 - initial
1E-10 | _ ‘ °
with sorption pumps
1E-01 1 L ! I 1E-11 k L L !
425 75 25 o8 75 48 -140 -90 -40 10 60 11¢

Distance from Leak (m)

No detectable He leaks in cold bore over the

last four years

CCGs are not sensitive to AP of other gas
species due to large cryopumping

Brookhaven Science Associates

U.S. Department of Energy

Distance from Leak (m)

Was there or will there be AP in

ICFA13, Dec. 9 - 12, 2003
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Layout of Warm Vacuum Sections — Insertions + IR

|<—  34m —|<— 19m —><— 19m — Q3 Q4
500m Arc_ Q4 Q3 FRLLLRLITETIISORLE . 500m Arc
—_— N Triplet — DO ~ Expt. Det
Single beam DX [* > ﬁIP : IDX N\ Single beam —
12em @  L1rplet—D0 | Seeeseetieeeeens DO _Trip|et 120m/d) —
4.5K 4 5K (both beams) 4 5K 4.5K
: 7cmo '

Pumped with ion pumps and titanium sublimation pumps every 10 — 17 m
Small effective pumping speed of 8 - 24 //s.m for Hy (® =7 — 12cm)
Pave / Ppumpicce: 8 (Hp) —28 (CO) for ® = 7cm  (IP region)
2.6 (Hy)— 7 (CO) for ® =12cm (Q3 - Q4)
In-situ baked to < 250 C x =40 hours
All the incoming sections to < 10-1° Torr
All the common (IP + DX-D0) sections to low 10-1 Torr
Some outgoing lines to low 10-1° Torr

7 of 46 sections (mostly @ RF regions) were not baked — low 10-° - 101 Torr
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RHIC warm vacuum sections

i
il

Standard warm pipeé w/ IPs an TSPs
In-situ baked to 250°C x 40 hrs

i L URRLY )
"*'I“HIII.II | |

DX-DO chmber for both eams

In-situ baked to 250°C x 40 hrs

H.C. Hseuh, Status and Upgrade of RHIC Beam Vacuum Systems  BROOKHEUEN
ICFA13, Dec. 9 - 12, 2003 NATIONAL LABORATORY

28 MHz ccl. Cavities, 300kVx2 / turn

Brookhaven Science Associates
U.S. Department of Energy



_ _ Phenix Detector
Interaction Regions

Phenix
Be beam pipes inside expt. detectors 6m Be/SS beam tube of 7cm @
Be brazed to SS or Al extensions In-situ baked @ 200 C to ~2x10-"" Torr
4 —12mlong, 7cm @, Tmm wall Heating jackets removed after bake
IP+TSP ~17m apart by moving >102 ton magnets around

with ~mm clearance

BeanmrBeam Counter

Multipleity/Vertex
tector

Muon Tracking
Chambers

Time Expansion
Chambers

________ : MUON-NORTH
____________ ] MAGNET

| CENTRAL MAGNET |

/ W Ring-Imaging ‘
Muon Tracking Cherenkov Detector

¥ Chambers Time-of-Flight 1 &
Detector A

5 .

Electromagnetic P_—H‘l;g—E-& IX
- Calorimeter o :

R e
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STAR Detector
8m Be/Al pipe of 7cm @ inside detector

No heating jackets allowed ' '1' ‘
No access before and after bakeout = 1 ,.
0.025mm x 5 Kapton insulation T
Hot (~200°C) N, (LN, boil-off) flush il — == T iy o
for 3 days (~100°C) = ~3x10""" Torr ™ 1
L W, e S A

Chamber
Time Of Flight

Qetige o Pump down and bakeoutof ...
STAR beam pipes

Jan 13 Jan 23 Jan 27 Jan 31 Feb 04 Feb 08 Feb 12 Feb 16 Feb 20

' Time
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Pressure Increase (Torr)

Rv : Beam Current #1641
Pressure Rise with Medium Intensity e | |
of 6x108 Au/bh x 55 bunches 3
D oo : : _
5 > 3x10'% Au ions/ea ring
. S
AP < 10X at not baked regions . A |
Accel. to 100:GeV/u
No AP at baked regions |
Pressure Increase during Stable Stores ;m I T T T T T T S R AT
n e e e e o me e we | wm
#1641 - baked sections A ¢ < 5 hrs >
W#993 - baked sections
A #1641 - not baked sections } A‘ o : : :
® #993 - not bake sections A ) Pressure, Not baked
1.E-09 Ae A—
of o |
* s Am |
| [ BO11
1.E-10 ¢ A A : J'I_
o A IP12
L'
1E-11 4 HEE o666 K o Ada @
1.E-12 . .
1.E-11 1.E-10 1.E-09 1.E-0

Pressure w/o Beam (Torr)
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Two types of AP @ high beam current

wnl $1797 |
W. Fischer, Tuesday 9x108 Au ions x 55
SY Zhang, this afternoon - B-110 |
w/ 30 bunches

P. He, this afternoon
(55+55)

@ Injection

Sensitive to bunch intensity and spacing

AP(110) > AP(55) even when 1(110) < I(55)

- Beam Current

Slow pressure rise at many sections [
30 min~ >

A

with known |y, for AP
Studied w/ electron detectors and solenoids

IP12

1.0e-08

@ Transition iAP(llO)

Fast pressure rise at one or two sections

)

Pressure

re

De—-07

S BO11 |

oc |, beam size and momentum spread o o ;

AP(55) :

Caused by beam loss/halo scraping |
Difficult to study and deal with N ——
| - — yo1z

1E326300 1B:37;00 16129100 16341100 1674300 16346300 1Brd7;00 16344100 1636100 1363300 1B:56;00 1B:67100 16368100 1770100 17303300
Time
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High I - p™ x p*, 9x101° p~bh x 110

AP @ Injection

AP over the whole rings up to 10 Torr due to electron multi-pacting

Pressure

Pressure

Beam
Current

Pressure

~—

B g LS

Brookhaven Science Associates
U.S. Department of Energy

Ix1opt *

Pressure

ICFA13, Dec. 9 - 12, 2003

Pressure
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L, for p*, d & Au @ Injection

P12 BO11or YO12
Au*’ - (55) 7e+10 2e+10
Au*™® - (110) 6e+10 1e+10
p™ — (55) 7e+12 4e+12
p™—(110) 6e+12 2e+12

after insitu bake
lAu+79 - (55) >12e+10* 4.5e+10 l
Au*™ - (110) 3.5e+10
d - (55) >12e+10* > 7e+12
d - (110) 7.0e+12
p™—(110) 9e+12 3.5e+12

I (p" & d) > 79 * Iy, (Au):

o (gas ionization) oc Z,?
I, (baked) > I, (not-baked):

lower SEY, lower n for ESD & ID
Lin (53) > It (110):

electron survival in bunch gaps

Brookhaven Science Associates
U.S. Department of Energy
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AP @ Transition

AP due to Beam Scraping/Loss

No AP during injections

During acceleration
Rapid beam loss with AP of 10°

Difficult to measure localized beam loss
of a few percent

From AP, V and S, the estimated
desorption rate by beam scraping is

n ~ 107 molecules/lost Au ion

(assuming all beam lost in one section)

Brookhaven Science Associates
U.S. Department of Energy

| (10° ions)

P (torr)
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: - «— Large Beam loss .

#1754

13124300 13:24715 13124730 13124340 13:25:00 13:25:15  13:25:30 13:25:45 137700 13:26:15 13126:30 13126145 13127300

! >

woi ~ 8x108/bh x 55
Beam loss during accel.
Beam Current
< 3 min
Pressure
CCG Readings
e (every 20s)
o1
1.0e-03 /“
_.__—.———-—-———.-_!,_,__/
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Time
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AP @ Transition

Acceleration with beam loss
/

I (10° Au or 101 D)

@ top energy

19:00 20300 21300 22300 23300 00300 oL:00 02300 03300 04300 05300 0B 00 0700 10

19100100 19102400 19104100 19106100 19108100 19110100 19112100 19114100 19316100 19318100 19:20100 19322100 19:24100 1825 00 19:28:00

< 12 hrs > < 5'min : >
. | Fast AP due to I
A Pttt : beam loss
E | R L TP T S >
Q. AP oc I , |
| _| No AP @ Injection

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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BNL Custom Electron Detectors

12cm Tee
) e Simple and durable design
N g o Well shielded to minimize beam induced
[: RF noise
......... C . .
ﬂﬂ% e Large area (~150 cm?) to increase signal
e e 2 grids for individual biasing and
12em ID port  A. RF shield (20% trans.) ecti ¢ elect .
B: grid 1 (-2V) selecting of electron energies
C:grid2 (-9V) e Less than 10% transmission as calibrated

w/ electron gun (P. He)
May be modified to measure ion density
and energy

Brookhaven Science Associates H.C. Hseuh, Status aFgFlﬁgraSe o9f RBIC; Ol?zgam Vacuum Systems Ngﬁgg.fgﬁgﬁg\f
U.S. Department of Energy » vee. 7 -1z,



Solenoids to Reduce Multipacting

Wind coils on ambient beam pipes
~ 64 m for FY03

to confine the electrons to a spiral 20802
orbit with R ~1 cm -
Secondary electron yield (SEY) -
peaked @ 300 eV B 10802
For E. ~ 300 eV, B =50 Gauss = © 50803
R =1.2cm
~ 4,000 A-turns/m = ~ 50 Gauss 0.0E+00

— #10 wire of 20A x 200 turns

. . H.C. Hseuh, Status and Upgrade of RHIC Beam Vacuum Systems
Brookhaven Science Associates ICFA13, Dec. 9 - 12, 2003

U.S. Department of Energy

Loralie Smart

Spiral radii vs. electron energy and B

50 Gauss

100 Gauss

0 100 200 300 400 500
Electron Energy (eV)
BROOKHFAEN

NATIONAL LABORATORY



Solenoid Construction (L. Smart)

 PVC insulated wire installed on 64
meters of pipe in FY02 shutdown

— #10 AWG
— N =212 turns/m
— 2.7 Gauss/Amp (< 60 gauss)

» Replaced with Kapton insulated
wires (~30m) during FY03 shutdown

— #8 AWG
— N =234 turns/m ( < 100 gauss)
— Bakeable to 250°C

H.C. Hseuh, Status and Upgrade of RHIC Beam Vacuum Systems  BROOKHEUEN
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SL field

Effectiveness of Solenoid in Reducing AP and e-

gauss solenoid field

8 - 2.5E-07 )
o 1 (xet+12) — Ping He's talk
‘<-—'| 6 | 2.0E-07
5 =\ \ ans . Pressure rise was
§ 4 \ 15607 3 reduced by x 4 with 5
S\ \ N\ -
8

\

N

\

\ \ 1.0E-07

1 N7
N

0-

40:20 40:25 40:30 40:35 40:40

100 -
— Solenoid Field

— ED Signal
80 - 9

meh

* 5.0E-08
40:45 40:50 40:55 41:00

- 2000

_ e” signal was reduced
ED Signal

60 | ]

40 -

20

!

r1e0 py x 2 with 65 gauss
| — solenoid field

- 800

Not conclusive!

%% Need more studies

0 \
14:15 14:20

Brookhaven Science Associates
U.S. Department of Energy

‘ \ 0
14:25 14:30
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Upgrades and Studies for FY04 Runs

Extensive bakeouts to 250°C x > 40hrs
during FY03 shutdown; ~85% baked

Upgraded solenoids with #8 Kapton wire

Upgraded electron detector amplifiers to
x1600 gain

More analog gauge signals to MADC for
fast data monitoring and logging

Additional RGAs (P. He’s talk, this afternoon)

Additional secondary collimators (3 in
each ring) to reduce beam halo scraping

Warm dipoles for scrubbing studies
(H. Huang’s talk, Friday)

11 x5.2mx12cm @ TiZrV NEG coated
(SNEG) pipes

e
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NEG coated beam pipes for RHIC

Installed at 12cm @ regions which had high AP during FY03 d-Au runs
Special bakeout/activation cycles
So not to saturate the coating during in-situ bake
No remote activation during the run
Measure desorption of SS and SNEG using 1 MeV/u Au (~10*1% /s) @ Tandem
NEG strips (P. Thieberger) similar to those @TTB ~ 1 km in operation since 1985
If coated pipes are beneficial @ high intensity
500m SNEG coated pipes at Q3-Q4
Develop in-house coating system for IR pipes
DX-D0 chambers for beam merging
Be beam pipes (SEY ~2.8)

Develop remote activation system?

H.C. Hseuh, Status and Upgrade of RHIC Beam Vacuum Systems  BROOKHEUEN
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Locations of Solenoids, ED, SNEG... Loralie Smart

RHIC Electron Detector Solenoid & NEG Pipe Locations m— NEG Pipe A FastCCG
23 September 2003
m  Electron Detector ® |IP/TSP/CCG
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Brookhaven Science Associates

SNEG Pipe Particulars

Developed at CERN (Benvenuti et. al.)
TiZrV tertiary alloy sputter-coated by SAES

Cathode: three wires twisted together

DC Magnetron sputtering @ ~ 500 gauss
Kr gas at 2x102 Torr, ~ 200V @ 100°C
Takes ~10 hours per position to coat ~1 um

Activate at as low as 180 C x 24 hrs
Activated at 250 C x 2 hrs in RHIC
Limited capacity, 1 um thick ~5 air exposures
Should provide low SEY, ESD & ID
and high pumping speed ( >10? I/s.m)

U.S. Department of Energy

SAES Getters Coating Setup

Coated RHIC Pipe
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Typical RHIC SNEG Section Bakeout/Activation Cycles

. 48 hrs Valvein2nd ~ 2-hr NEG
STD Equip. TMP Cart Activation
250 \ / ~Z
STD Equipment TSP sublime
5200 Dwell Begins - 1st degas o
© complete
> /|
o
£
2100 64 hrs
SNEG Pipes / \ \ SIPs on
50 Begin Bakeout —" — -
nd degas
0 Time (hn)
*Not to Scale*
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Base pressure & RoR pressure
1.E-07

A 24
A 4

X oD 050

1.E-08

Base pressure remains constant
after » 5 air exposures

Courtesy of SAES Getters

Pressure (mbar)
m
o
o

29 —e 27
1.E-10 -

Activation @ 180C —e— Base P 2h air exp 4h baking ---¢--- RoR P 2h air exp 4h baking
RoR @ 2 min

—=— Base P long air exp 4h baking ---2--- RoR P long air exp 4h baking

—=e— Base P 2h air exp 24h baking ---o--- RoR P 2h air exp 24h baking

1.E-11

No of Exposures
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SEY, ESD and ID of SNEG Surface
(CERN data, courtesy P. Chiggiato and others)
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Secondary Electron Yield

SEY of the TiZrV samples exposed to
a residual gas pressure of ~3x10-1°
Torr for an extended period of time,

(R. Kirby, et.al, SLAC)
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Vladimir Ruzinov of CERN

forkshop on NEG coatings and NEG coated vacumm

chambers for synchrotron Fradiation sources
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Measure Desorption by 1 MeV/u Au from SS and SNEG Surface @ Tandem

Bakeable section

P. Thieberger & L Snydstrup
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Summary

« RHIC pressure rise can prevent future machine improvement
 We have studied slow pressure rise events with

— Solenoids and electron detectors
« Fast pressure rise from beam halo scraping is not well understood
« Vacuum improvements with

— Bakeouts, solenoids, scrubbing, collimators, SNEG pipes, etc.

» Will these measures be sufficient for higher intensity beams during
FY04-08, RHIC Il, eRHIC...

« Beam studies in FY04 run will steer the direction of future improvements
more SNEG? more solenoids? Scrubbing, More IP+TSP...

« Cold bore pressure rise and heat load?
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