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* DC Wires in RHIC, Motivation
* Long-range experiments

* Single compensation attempt
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weak-strong

strong-strong

Some Numbers

# of HO (LR) Normalized A¢ of LR :
Bunches | Interactions | Separation [deg] "o
SP(p)S 3 2 (9) 60 Distributed = 0.028
Tevatron 36 2 (36) 6G Distributed 0.018
RHIC 110 2 (4-40) >100 6° (DX—Wire) 0.016
LHC 2808 (408) 4 (40-120) 6-15G 0 0.02

* Many localized LR interactions in the LHC

* Crossing angle to avoid parasitic collisions




Transverse Separation, LHC
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Long-Range Etfects

* Additional tune spread and orbits effects (PACMAN)

* Mitigated by HV-crossing scheme for passive compensation

* Reduced dynamic aperture, lifetime

* Mitigated by increasing x-angle (but aperture, non-linearities, SB resonances)
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Long—Range & Wires
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Why RHIC 7

* RHIC beam lifetime typical to a hadron collider
* Test DC wires with head-on beam-beam
* Localized long-range interactions like the LHC

* Strong-strong beam-beam

2 wires installed @IP6 in RHIC, 2006 shutdown

(supported by the US-LARP Program)



RHIC & LHC
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RHIC DC Wires

IL=N,ec

* Based on experience from SPS

* Vertically movable wire in each ring

e Air cooled, ATma — 15K

X

] I I I I I I I I I L]
quantity unit value
strength (1L}, nominal Am 0.6 I
max. strength (IL)y e Am 125
length of wire L m 2.5 I
radius of wire r mimn 3.5
1 D) Ol Dy S i 7). s (o comm s Eam s
electrical resistivity pe 2m 1.72x10 "
heat conductivity A Wm 'K 384
thermal expansion coefl. K1 L.68x10~"
radins of existing pipe rg min 60
current I, nominal A 3.8
max. current oo A a0
current ripple AT/T (at 50 A) 1 < 1.7
electric resistance R m&? 1.12
max. voltage Upaz my 55.9
max. power Foax W 2.8
max. temp. change AThnae K 15
max. length change AL,.x mimn 0.4
vertical position range mimn/ oy, 65,/10.6




verview of Experiments

Approximately, 30 dedicated experiments performed over 5 years
{Proton, deuterons, Copper, Gold: 26, 100, 250 GeV}

* Effect of single LR interaction (protons)
* DC Wire on single beams (Gold & deuterons)

* DC wires with HO collisions & " compensation” of LR (protons)
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I: Meta-Stable
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+ octupoles (AQ ~ 5x10™)

Effect of 1 LR interaction,

weak (nominal tunes)

quantity

unit value

proton energy

bunches per beam

bunch intensity
long-range location
emittances €, ,, (95%)
B2y, long-range location

tunes (Q. Q)

vertical separation

GeV 100.0
12
10 1.7
m from IP 10.6
mm mrad 10-15
m 105
B(0.69.,0.70)
Y(0.71,0.69)

mm/o 1-11/0.7-6.3




. Beam Losses, Position Scan

Observe Blue lifetime from movement of Yellow beam
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II: DC Wires in RHIC

quantity unit Blue ]’f{:llow
beam energy L GeV/nucleon 100
rigidity (Bp) Tm H3l1.8
number of bunches 6-56
Norm. Emittance ez prad 17 17
distance [P6 to wire center 1 4().92
parameter K (at 50 A) 1nin —30.1
hor, tune Q. 28.234 | 28.228
hor. tune (), 28.22629.235
4. at wire location 1m 1091 350
Gy at wire location 11 378 1067
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a 1.2
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II: Wire Experiments, Single Beam
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Vertical Orbit [mm]

Vertical Orbit [mm]

II: Orbits and Tunes
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II: Onset of Beam Losses

Power law fits
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II: Loss Rates & Simulations
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II: Beam Lifetime, Fitted Exponents

14 Heavy lons T = A dp
10 F Tunes (021,023)

Fitted exponent

p: 1.7 - 16
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) Tunes (0.65,0.75)
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Exponents were within limited range




III: LR Experiments, with Head-On

quantity

it
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III: 50 Amp Wire Scans, 2 HO

Beam Decay [% loss / hr]
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L11:

Beam Intensity [% Initial]
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III: LR “ Compensation” Exp, A
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Beam Decay [% loss / hr]

III: LR “ Compensation” Exp, A
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Bunches With/Without Long Range
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Conclusions

* Single long-range experiments reveal “weak” LR effects

* Beam in a meta-stable state to observe losses

* DC wire experiments were carried out at RHIC
* Onset of losses clearly visible, simulations show agreement within 1o

* Differences visible between the 2 beams

* LR effects are enhanced with head-on

* Single LR “compensation” attempt was performed

* Improvement in Yellow lifetime was seen, but not reproduced in Blue beam



The best experiments are ahead of us!



A1: Tunes, With/Without Head-On
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Amplitude [arb units]

Amplitude [arb units]

A2: Tunes, with & w/o Compensation
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