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Beam-Beam in Hadron Colliders

• Total tune spread from beam-beam in proton operation 
with εN=20µm and Nb=2·1011 will be as large as the 
maximum achieved in any past hadron collider 

• Unlike past hadron colliders (weak-strong except ISR), 
RHIC will operate in a strong-strong regime

ISR SPS Tevatron HERAp RHIC RHIC RHIC*
Run I Au 2001 p 2001 p 2002

Bunches per beam coasting 3 6 174 55 55 110
Experiments 6 2 2 2 4 4 4

Parasitic interactions 4 10 — — — — 
ξ / IP 0.0010 0.0093 0.0075 0.0007 0.0015 0.0022 0.0037
Total bb tune spread, max 0.008 0.028 0.024 0.001 0.006 0.009 0.015
* Numbers for next run assuming εN=20µm and Nb=1011 Sources: W. Schnell PAC75, W. Herr, V. Shiltsev, C. Montag
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Introduction

New web page to keep 
track of activities
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Beam-Beam Workshop 2003

Beam-Beam Workshop planned 
for 2003 in conjunction with 
HALO’03 (organized by J. Wei)
– week after PAC03
– at Gurney’s Inn, Montauk
– 1st announcement made
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Beam-beam experiments in Run 2001

• Operational observations
– Beam and luminosity lifetimes
– Triplet vibrations (C. Montag)

• Beam-beam tune shifts
• Tune modulation on ramp
• Coherent mode observation
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Tune Modulation During Ramp
• Blue and Yellow rings independent (except DX):

– Independent control of transition jump
– Need to accommodate different species

• Rf frequencies were not synchronized initially
→ Can lead to tune modulation 

with beam-beam tune shift

DX IP DX

BPM
(x,y)

BPM
(x,y)

Beam-beam ON Beam-beam OFFBeam-beam OFF

v=5m·∆frf

Moving crossing 
points if ∆frf≠0
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Experiments for Run 2003

1. Working point scan with beam-beam 
interaction
– Observe beam lifetime
– Observe background and halo formation

2. Emittance growth with 1-sigma offsets
– Emittance measurement with IPM
– Emittance measurement with bb tune shift
– Emittance measurement with I(t)/L(t)

3. Beam-beam tune shift with long/short 
bunches and large crossing angles
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Experiments for Run 2003

4. Coherent modes generation and suppression
– Tune scans
– Variation in intensity ratio of the two beams

5. Measurement of beam-beam resonance 
driving terms

6. Variation of phase advance between two 
collisions with constant tunes

– Needs working tune feedback
– Observation of beam lifetime
– Measurement of resonance driving terms
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Working Point in RHIC

- Operation between 0.2 
and 0.25 in both planes

- 0.2 less dangerous than
0.25, especially vertically

- Typically ∆Qmin ~ 0.01
- May need to move to other 
tune when beam-beam
tune spread increases further
(→ possibly large 
investment in time) 

- No systematic tune scans 
during last run, mostly tuning
for lifetime during stores
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Summary

• Beam-beam is one of the most limiting 
effects of colliding beam storage rings, 
will be the RHIC limit in proton operation

• RHIC is presently the best-suited machine
to study strong-strong phenomena

• Beam-beam studies should benefit machine 
operation and general beam-beam knowledge
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