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Outline

IBS phenomena in RHIC

e A view from the beam rest frame

IBS scaling behavior
- Below transition
- Above transition (negative-mass regime)

e Comparison on growth rates

Fokker-Planck equation on density distribution evolution

* Counter measures: beam cooling
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Intra-beam phenomena in RHIC

* IBS: intra-beam small-angle Coulomb scattering

- primary luminosity limiting factor in an heavy-ion storage ring

Rutherford scattering cross section ~ Z* / A?
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Impact at both collision & injection

* Collision:
- Design store time 10 hours
- Expected longitudinal beam loss escaping RF bucket ~ 40%
- Expected transverse emittance growth ~ 3 times

* Injection:
- Design filling time ~ 2 minutes; much faster IBS growth

Wed Feb 25 2004 RHIC - DCCT total beam & WCH bunched beam
1.9
1.8

1.7

=
+
(=)

dc beam intensity

=
+
)

=
+
[

Intensity [Au x 10"9]
-
=

=
+
ra
d

=
+
=

bunched beam
; intensity

=
+
=

=
+
w

14:30:00 14140300 14:50:00 15: 00300 15:10:00 15:20300
time of day

Wei, March 16, 2004 BROOKHEVEN

4 NATIONAL LABORATORY



Debunching during store

Au’* stores, f*=5m, N,=0.25...0.4 - 10%bunch, storage rf system
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Bunched beam lifetime

Au’®* stores, B*=2(1)m, storage rf system, Blue only
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A view from the beam rest frame

* Observe particle motion in the rest frame of the beam

e Transformed Hamiltonian

2 K X2 P> K ; —y?
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D+DD"+D*  (bends) (F)=—5
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* Coulomb potential (now non-relativistic)

Ve zzi:\/(xj ~xf 4y, - v+l -2f

* Time-dependent Hamiltonian in beam rest frame
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Below transition: positive-mass regime

* In the ideal case of uniform focusing, the Hamiltonian is
positive definite

— There exists an equilibrium state

— In the equilibrium state, the beam has equal temperature in all
three directions (isotropic in the velocity space)

AN
N 8 4

* In general, the Hamiltonian is time-dependent; system is not
conserved (AG focusing)

* Quasi-equilibrium state: approaching equilibrium yet still
allows growth in beam size
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Above transition: negative-mass regime

* The Hamiltonian is NOT positive definite in any case
— There exists NO equilibrium state
— All beam dimension can grow
- Asymptotic relation exists between different dimension

2 2 __2
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* Typically vertical dimension grows only through transverse
coupling
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Beam growth scaling law

* IBS beam size growth rates
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Analytic expression obtained for regular (e.g. FODO) lattice;

derived by assuming a Gaussian distribution

(A. Piwinski, J. Bjorken, S. Mtingwa, G. Parzen ...)
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Comparison (above transition)
(W. Fischer, R. Connolly, S. Tepikian, J. v. Zeijts, K. Zeno)
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Longitudinal profile measurements

Turn number
-
jo s

55—

Wall Current Monitor

50
45 f==
40

Eh—

— ——— .« time resolution 0.25 ns
———— (buckets: 35 ns and 5 ns)
————— e recording period 0.1...5 min
~———— « used for:

- bunched current

———/ Y“—=——-—— -bunchlength
E———— # (Gaussian fit)

30—

Wei, March 16, 2004 BROOKHEVEN

12 NATIONAL LABORATORY



Transverse emittance measurements

lonization Profile Monitor
R. Connolly, S. Tepikian

e recording period 0.5...5 min
o data of improved reliability
- multi-channel plates
recessed to avoid stray
electrons
- small rest gas ionization
with protons
-~ o ysed:
- at injection
- calibration at store
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Fokker-Planck approach on
density evolution
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Fokker-Planck equation

* Drift and diffusion mechanisms
- Collision: dominated by diffusion process
— Injection: contributed by both drift and diffusion process
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Counter-measure example:
stochastic cooling
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Figure 3: Improvements on a} instantaneous and b) integrated luminosity in RHIC when stochastic cooling

is applied.

Key for bunched-beam stochastic cooling in a collider:

- eliminate coherent spikes at GHz range that may saturate the
cooling system

IBS among gold ions in RHIC may diffuse possible soliton mechanism

(M. Brennan, M. Blaskiewicz, et al ...)
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Summary

* Intra-beam scattering is the leading mechanism that limits
beam luminosity in RHIC

* At storage, theoretical estimates qualitatively agrees with
experimental measurements

* Counter-measures like stochastic cooling and electron cooling
are under development
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