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Intra-Beam Scattering

Particles in a circulating bunch execute transverse betatron oscillations, the transverse velocities are statistically
@ distributed, these particles can be scattered by collisions so transferring transverse momenta into longitudinal

momenta, In general, one should distinguish between:
Large-angle Single Scattering ---TOUSCHEK EFFECT---Lift Time

Multiple Small-Angle Scattering---INTRA-BEAM SCATTERING---Rise Time |ZI
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N
collision = (X, Xp, y, yp, z,Ap) = 5%, (j) = 55, :%Z&k(j)

j=1



Conventional Theory of IBS

Bjorken-Mtingwa derive T; by the formula: S1
S2
1 _1do, 1 _1dg” 1_ 1 dg”°
T, o, dt T, &7 dt T, &7 dt Smi1 .
1/2

i:47zA(Io©J) j da A 1,2><{TrL‘Tr( = )—3Tr[L‘(L)}} S
T. 0 [det(L+M)] L+ Al L+ Al m Su
log =1In O =1In 2 Coulomb log factor i:ismﬂ_sm 1.

bma\x Hmin Ti ) C Tim ’

&N S, . =C,S, =0
64n°f7y 8,00, S : elements(drift, quadrupole,bend —magnet...)

<. > indicates that the integral 1s to be averaged around the accelerator lattice
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Ultimate Storage Rings (USR)

Diffraction limited operation at 1 A .
£E< —
1 AT
Both transverse planes emittance ~10 pm

For BAPS, we firstly obtain the total emittance about 20pm
locally-round beam method—>¢, = &, = 10pm



Basic Parameters of BAPS (Bare Lattice)

Parameter Symbol, unit Value
Energy E, GeV 5
Circumference C, m 1366.4
Current lp», MA 100
Bunch number n, 1836
Number of particles per bunch N, 1.55%x10°
Natural bunch length Ojp» MM 1.2
RF frequency frs MHz 500
RF voltage V, MV 9
Harmonic number h 2279
Natural energy spread Oy 7x10~4
Momentum Compaction Q, 4x107°
Emittance of bare lattice g pm 51
Energy loss per turn U, » MeV 1.07




7BA*36 Linear Optics

Two high-beta 10-m straight sections for injection
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Impact of Energy

y*(H) )
1 2 2N 1 > the optimal energy for our lattice?
0
— X A= >yi=—=1
T; 64m? B3y tepe,050, v T; )
2501 -
200 ' ' Conditions for calculation:
= ] | Bunch length=constant
= 150 wergy:SGV - Coupling factor=0.01
8 _ |
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The emittance minimum is near the nominal energy in any case!
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Emittance vs. energy for different currents




Impact of Initial (Input) Emittance

Optimized Radiation Integral > Decrease The Nature Emittance

Phase Space Manipulations -2 Change The Vertical and The Horizontal Emittance

Damping Wiggler
ping Tiss Round Beam with Solenoid Field (at Special Straights)




Damping Wiggler

1+ <ﬂx>y2&93

@:( J, ) 15723, “e,p," p, 0,=2,12xp,
‘90 ‘]xw 1+%Nw&9w LVV:NWAW
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The emittance reduction depends on the wiggler period length, the wiggler peak field, and the total wiggler length.
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Impact of Coupling Factor
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“wn " w7 locally-round beam has no effect on control the
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In a long straight section a dispersion-free region
the dispersion invariant J Is zero.

By G. Xu, Y. Jiao




Impact of Bunch Length

From storage ring longitudinal beam dynamics

A roch theory G*Q=ap*ap=constant
- 2 234 5 _ aeVy
64 [y £,6,0,0, Where 2° = — Synchrotron Frequency

We can control on the longitudinal bunch size by
changing the voltage slope seen by the bunch.
Bunch Lengthening
» Lowering the peak accelerating voltage
Decrease of Charge Density reduce the bucket hEIght
decrease of beam lifetime

Decrease of Growth Rate » Adding a harmonic cavity




Voltage and RF Acceptance
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Double RF System(Landau Cavity)

€ The voltage gain per turn of the
synchronous particle is equal to
the total loss per turn

& The first derivative of voltage

V (t) =Vie [Sin (et +, ) + K Sin (neoget +ngj, )]

V(0) =%=VS k :\/ nlz —(ngl Y;F) should vanish at the center of the
iy ) . bunch

— l0=0 ¢, = arctan(—tan(4, )) @ The second derivative of voltage
N, sing - Us should vanish In order to avoid
W|t=0‘ * -1V, having a second region of phase

stability close by




15 : m— ithout rllarmonic cavity
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Equilibrium Values for Emittance

Bare Lattice 51+1  75+1.47
Bare Lattice with LC 51+1 60+1.18
Lattice with DW(62) and LC 14+1 16.1+1.14

Lattice with DW(49.6) and LC 16+1 18.6+1.15

Equilibrium values for the emittances calculated with (right) and without (left) IBS
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Conclusions

Intra-beam scattering is an effect which becomes important
In future low emittance ring-base light sources and becomes
a limiting factor for reaching ultimate storage ring.

Introduce Harmonic Cavity to lengthen the bunch to further
reduce the effect of intra-beam scattering.

Round beams could help to control the IBS effect, we need
new efficient and robust solutions to obtain round beams In

electron storage rings
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