RHIC Accelerator 5-year Plan

Enhanced RHIC luminosity (100 GeV/nucleon)
Au—Au: 8 x10% ¢m2s!
pT —pT: 6x103 cm2s1; 70 % polarization

(luminosity averaged over store delivered to 2 IRs)
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Performance summary

e Energy/beam: 100 GeV/nucl.
o Diamond length: 6 =20 cm
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Run-2 Au-Au  Run-2p-p  Run3d-Au  Run-3pp

Mode # Ions/bunch [10°] | B* | Emittance | L., | Ly.(store) | L, (week)
bunches [m] | [rum] [cm?2s!] | [em™?s!] [week!]
Au-Au (*) [Run-2] 55 0.7 1 15-40 5%x10%6 | 1.5x10%¢ | 24 (ub)'!
d-Au (*) [Run-3] 55 110(d), 0.7(Au) | 2 15 7x10%8 | 2.0x10% | 4.5 (nb)!
pT-pT (*) [Run-3] 55 70 1 | 20-30 | 6x10% | 3x10%° | 0.6 (pb)!
d-Au (max. goal) 56 80(d), 1(Au) 2 20 4x10%% | 1.6x10%® 4 (nb)!
pT-pT (max. goal) 112 100 1 25 16x103° | 10x1030 | 2.8(pb)’!
Au-Au RHIC design 56 1 2 15 - 40 9x102%6 2x10%6 50 (ub)!
p-p RHIC design 56 100 2 20 5x1030 4x1030 1.2 (pb)!
pT-pT RHIC spin 112 200 1 20 80x103° | 65x103° | 20(pb)’!
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[ (*) Best store or last week ]




Luminosity Limitations (1)

Injector performance (routine):
= Au 0.7 x 10° /bunch 10Tt um 0.3 eVs
o additional bunch merge

i LN

= D 0.8 x 10" /bunch 10w um 0.3eVs 40%
= D 2.0x 10" /bunch 207w um 0.5eVs 20% (?)
o strong AGS partial snake, thinner H™ stripping foil
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Single bunch instabilities around transition:
» Effect of vacuum chamber impedance, electron cloud (?)
» Au: <0.8 x 10? ions/bunch
o cross zero-chromaticity before transition (why?)
Vacuum break-down due to ion desorption (?) 100
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sum/4 and difference signals
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= Au: <40 x 10° ions/ring 50 I Tl
o More baking, scrubbing, NEG coating time (ns)
Vacuum problem due to halo scrapping around transition (?)

=]

» Total accelerated charge in both rings < 1013 ¢
o More baking, scrubbing, NEG coating
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Luminosity Limitations (2)

o Electron multi-pacting (electron cloud)
= Total charge per ring less than ~ 1013 e, worse for 110 bunches
o Solenoids, scrubbing, NEG coating, clearing electrodes (?)
o Beam-beam tune shift and spread
» First strong-strong hadron collider (after ISR)
» Limits high luminosity pp operation to two IRs

o Non-linear corrections, better working point
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o Intra-Beam Scattering (IBS)

» Transverse and longitudinal emittance growth

» Eventually will need electron cooling (see below)
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Proton polarization at the AGS

« Full spin flip at all imperfection and strong 0 ] Simulation and 50
intrinsic resonances using partial Siberian T, measurementat25GeV |
snake and rf dipole T ] = :

« Ramp measurement with new AGS pC CNI R - 60
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oo = *New helical partial snake (RIKEN

< > funded) will eliminate coupling res.
* To avoid all depolarization in AGS
BROOKHEUEN build strong AGS helical Siberian

NATIONAL LABORATORY snake! (Installation: Jan. 2005)



New AGS helical snakes

5 % helical snake build at Tokana Industries
funded by RIKEN. Installation: Jan. 2004.

 Cold strong snake eliminates all
depolarizing resonances in AGS.

* Warm snake avoids polarization mismatch
at AGS 1njection and extraction.

30% s.c. helical snake build at SMD (AIP)
BROOKHFEAVEN Installation: Sep. 2005
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Assumptions for RHIC Collider Projections

o For each mode: 2 weeks set-up and 3 weeks ramp-up
o Collisions available for trigger set-up during owl shifts of ramp-up period

o Luminosity development to continue for about an additional 14 weeks
during day shifts from Monday to Friday

5-year luminosity projections:

o At least 5+14 weeks of operation of each mode for luminosity development
per year

o Collisions at only two interaction regions for pp operation
o Upgrade projects need to be completed
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Projected Run-4 Luminosities

Achieved:
Mode # Ions/bunch ~ B*  Emittance Loeak Liiore ave Lyeck
bunches [107] [m] [nm] [em?s™]  [em®s™]
Au-Au 55 0.6 1 15-40 3.7x10%°  1.5x10%° 24 (ub)!
T-pH 55 70 1 20 6.0x10°  3.0x10*° 0.6 (pb)”
Maximum expectations:
Mode = Ions/bunch B*  Emittance Loeak Liiore ave Leck
bunches [10°] [m]  [pm]  [em®s"]  [em®s]
Au-Au 56 0.9 1 15-40  12x10°  3x10°° 70 (ub)"!
pT-pM 56 100 1 20 11x10°  6x10% 1.4 (pb)”
Si-Si 56 7 1 20 5x10%8 2x10%® 5 (nb)™!
Integrated luminosity for 1 or 2 modes:
Mode Integrated luminosity per mode
1 Mode (19 weeks) 2 Modes (7 weeks/mode)
Minimum Maximum Minimum Maximum
Au-Au 320 (ub)™ 895 (ub)™ 63 (ub)’ 155 (ub)™!
oT-ph 10 (pb)”! 20 (pb)”! 3.2 (pb)! 4.8 (pb)"
Si-Si ? 65 (nb) ? 12 (nb)™




Projected Run-4 Au-Au Luminosity Evolution
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Au-Au luminosity projections “— Projected maximum

D

S

S
|

N

(aw)

()
|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

[\

)

()
\

<«— Projected minimum

Integrated luminosity [(ub)'I]
=
S

[S—

-

S
|

<«— Achieved in Run-2

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Weeks in physics production



Projected Run-4 p - p Luminosity Evolution

Integrated luminosity [(pb)'l]
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Integrated Luminosity (pb™')

HERA and Tevatron luminosity evolutions

HERA luminosity 1893 - 2000
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Weekly Integrated Luminosity {(pb™)
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Projected S-year Au-Au Luminosity Evolution

Integrated luminosity [(ub)'l]
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2002 2004E 2005E 2006E 2007E 2008E
Fiscal year
Fiscal year 2002A 2004E 2005E 2006E 2007E 2008E
No of bunches 55 56 70 80 90 112
Ions/bunch, initial 10° 0.7 0.9 1.0 1.0 1.0 1.0
Average beam current/ring mA 38 49 69 79 89 114
B m 1 1 1 1 1 1
Peak luminosity 10% em™s™ 5 12 19 21 24 32
Average store luminosity 1026 CII’I_ZS_l 1.5 2.9 4.7 5.3 6.0 8.0
Time in store % 25 40 45 50 55 60
Maximum luminosity/week (ub)™! 25 70 127 161 199 290
Minimum luminosity/week (uby"! 25 25 25 25 25
Maximum integrated luminosity (ub)™! 89 580 1050 1340 1660 2410
Minimum integrated luminosity (ub)'1 210 210 210 210 210




Integrated luminosity [@b)”]

Projected S-year p - p Luminosity Evolution
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Fiscal year

Fiscal year 2002A 2003A 2004E 2005E 2006E 2007E 2008E
No of bunches 55 55 56 56 56 90 112
Ions/bunch, initial 10" 07 07 10 14 20 20 20
Average beam current/ring mA 48 48 70 98 140 225 280
B* m 3 1 1 1 1 1 1
Peak luminosity 10%* cm™s™! 2 6 11 22 45 72 89
Average store luminosity 10*° ems™! 1.5 3 6 13 32 57 72
Time in store 30 41 40 45 50 55 60
Maximum luminosity/week (pb)™! 02 06 14 35 10 19 26
Minimum luminosity/week (pb)”! 06 06 06 06 0.6
Maximum integrated luminosity (pb)”! 0.5 1.6 12 30 84 165 224
Minimum integrated luminosity (pb)™! 5 5 5 5 5
AGS polarization at extraction % 35 45 55 65 75 80 80
RHIC store polarization, peak % 25 35 45 60 70 75 75

RHIC store polarization, average % 15 30 40 55 65 70 70




Major RHIC Improvements

For FY2004 For FY2005 For FY2006 For FY2007 For FY2008
RHIC injectors

Booster low level rf upgrade New OPPIS solenoid EBIS test

AGS warm helical snake AGS cold helical snake 2" AGS cold helical snake?

Collimation system, 1** half
Shielding PHENIX
Shielding BRAHMS

NEG pipe test (60 m)

Dedicated Landau cavities
Y5 of BPM electronics to alcoves

Stochastic cooling 1* test

Orbit feed forward (ramp)
Decoupling (ramp and store)
Gradient error correction

AtR cooling

Current lead ice balls elimination
Corrector PS reliability

Gap cleaning

Abort kicker pre-fires

Faster down-ramps

RHIC luminosity and background
Collimation system, 2™ half

Shielding STAR

Shielding PHOBOS

NEG pipes (300 m) NEG pipes (400 m)
Solenoids? Solenoids?

Transverse damper system

All BPM electronics to alcoves
1 alcove outside ring
Stochastic cooling 2™ test

2 alcoves outside ring
Stochastic cooling

RHIC time in store
Orbit feed forward (ramp)
Decoupling (ramp and store)
Gradient error correction
Tune feedback (ramp)
Chromaticity feedback (ramp)
Injection set-up

2 alcoves outside ring

2 alcoves outside ring
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S-year projections for 27 weeks

Fiscal Year 2003 2004 2005 2006 2007 2008
PHENIX d+Au 200 GeV AutAu 200 GeV Si+Si 200 GeV AutAu 62.4 GeV ptp 200 GeV AutAu 200 GeV
16 weeks, 2.7 nb-1 5+14 weeks, 123 ub-1 5+9 weeks, 2.2 nb-1 | 5+19 weeks, 45 ub-1 | 5+19 weeks, 5+19 weeks,
62 pb-1 840 ub-1
ptp 200 GeV ptp 200 GeV ptp 200 GeV 60%
10 weeks, 0.35 pb-1 | 5+0 weeks beam 5+5 weeks, 1.2 pb-1
27% development 50%
STAR d+ Au 38.2M AuAu 5+14 Au or Fe 5+9 d+ Au 5+9 AuAu 5+5 AuAu 5+10
5+11 weeks ; Energy scan
pp 10 weeks : pp 200 GeV 5 wk pp 200 GeV 5+5 wk | pp 200 GeV 5+5 wk | pp 200 GeV 5+9wk | pp 500 GeV 5+5wk
T 0.39 pb'l
L0.37pb’l
PHOBOS AuAu@200 5+10(18) pp@200 5+7(12) pp@500 Possible additional
8+4 running to make up | -------------
FeFe@200 AuAu@63 shortfalls
5+4(6) 5+7(12) Add. Species
Add. Energy
BRAHMS Au-Au 200 5+19 Fe-Fe 200 5+5 Au-Au 63 2+6
pp 200 5+4 Au-Au 200 2+5 | e e
pp 200 5+4
o @
Combining two years (54 weeks) would save cool-down
[ d [ d [ d @
and set-up periods but would require running during
the summer.
BROOKHFVEN
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