
  

● DC Wires in RHIC, Motivation

● Long-range experiments

● Single compensation attempt
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Some Numbers 

● Many localized LR interactions in the LHC

● Crossing angle to avoid parasitic collisions

# of 
Bunches

HO (LR) 
Interactions

Normalized 
Separation

 of LR 
[deg]

ξ
ΗΟ

SP(p)S 3-6 2 (9) 6  Distributed 0.028

Tevatron 36 2 (36) 6 Distributed 0.018

RHIC 110 2 (4-40) >10 6o (DX→Wire) 0.016

LHC 2808 (408) 4 (40-120) 6-15 ~2o 0.03
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Transverse Separation, LHC

Min Sep ~ 6.5

Max Sep ~ 13.5

Avg Sep ~ 9.5

Koutchouk, PAC01



  

Long-Range Effects
● 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)

W. Herr, LHC Proj Rep 39, 628

~2.5 x 10-3

HH Crossing

HV Crossing

Beam 1



  

Long-Range & Wires

Koutchouk, PAC01, Herr, LHC Proj Rep 39
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● 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 

Why RHIC ?

2 wires installed @IP6 in RHIC, 2006 shutdown
(supported by the US-LARP Program)



  

RHIC & LHC

4 Head-on, 40-120 Long-Range2 Head-on, (max 4) Long-Range

RHIC LHC

Courtesy, U. Dorda

Not to scale



  

● Based on experience from SPS

● Vertically movable wire in each ring

● Air cooled, Tmax = 15K

RHIC DC Wires
IL=N b e c



  

Overview 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 Working Point

Effect of 1 LR interaction, 
weak (nominal tunes)

Move tunes closer to 10th order 
+ octupoles (Q ~ 5x10-4)



  

I: Beam Losses, Position Scan

Observe Blue lifetime from movement of Yellow beam
Separation 8 → 2 



  

II: DC Wires in RHIC

Wires installed in both rings
2006 Shutdown

IP6
x3 difference in the vertical β-funtions
Wires placed below Blue, above Yellow

DX
Location

Wire
Location



  

II: Wire Experiments, Single Beam

Different beam loss rates

Yellow generally more sensitive
Yellow β-funtion larger



  

II: Orbits and Tunes
Measurements agree well with
Analytical formulae for wire kicks

 Qx , y∝
1

dsep
2

 y∝
1

dsep



  

II: Onset of Beam Losses
Power law fits

Onset

Onset



  

H.-J. Kim et al., PRST-AB 12, 031001 (2009)

II: Loss Rates & Simulations

BBSIMC Code, T. Sen, H.-J. Kim

Au @100 GeV
Wire Current, 50 A

Deuterons @100 GeV
Wire Current, 50 A

Onset of losses, 
predictable



  

II: Beam Lifetime, Fitted Exponents

=Ad pHeavy Ions
Tunes (0.21,0.23)

Protons
Tunes (0.65,0.75)

p: 1.7 - 16

SPS, p ~ 5  
Tevatron, p ~ 3
Exponents were within limited range



  

III: LR Experiments, with Head-On

Special 36x36 pattern

2009, Protons

Yellow Hor emittance big
(large error bar)



  

III: 50 Amp Wire Scans, 2 HO

Blue Ring

Yellow Ring

Yellow sensitive even in park 
position with 50 A 



  

III: HO Vs. No HO, 50 A

Blue Ring

Yellow Ring



  

III: LR “ Compensation”  Exp, 5A

DX IP DX

9.8 m
13.5 m

15.7 m52.4 ns
45.0 ns

32.7 ns

5.1 ns   bunch length   1.52 m 

βy ~ 1.45 km (wire position)
βy ~ 170 m (LR position)
εy ~ 4.2 μm
LR separation ~ 3.1 σ
Beam  wire separation ~ 3.7 ↔ σ



  

III: LR “ Compensation”  Exp, 5A

Blue Ring
No visible effect

Yellow Ring

Losses increase when 
compensation is removed !!!



  

Bunches With/Without Long Range

Blue Ring

Yellow Ring

Bunches without LR suffer more 
losses due to the wire !!!



  

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 1

● 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



  

Exciting LHC long-range
experiments are ahead of us!



  

A1: Tunes, With/Without Head-On

Tune



  

A2: Tunes, with & w/o Compensation

No Compensation

No observable tune changes in 
Yellow Ring. 

Wire Compensation
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