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Beamstrahlung

* Synchrotron radiation during beam-beam interaction
* Number of photon
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Simplified formula by K. Yokoya

e Gaussian flat beam, linear approximation
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Beamstrahlung in LEP3 and TLEP (Yokoya’s formula)

* LEP3
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Simulation of the beamstrahlung

* Slice beam along bunch length, s=(z-z))/2 for collision of particle (z) and i-th slice.

e Calculate beam-beam kick
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* Number of photon emitted by interaction of a slice
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* Energy loss and diffusion (photon energy and fluctuation)
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* Poisson process for n emission ~ P(n) =—




Schematic view of the simulation

* Calculate trajectory interacting with colliding beam.

* Particles emit synchrotron radiation due to the momentum kick
dp/ds.
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Test using weak-strong model (LEP3)
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The equilibrium o5 agrees
with Yokoya’s formula.
Note o, is not self-consistent.



_ TLEP Z TLEP W TLEP H TLEP ¢

Parameter list oz [GeV]
m_ 100 100 100 100
f 1440 154 29.8 6.7
O r T I_ E P #bunches/beam 7500 3200 167 160
Ju |y 20 13 #e—/bunch [101!] 4.0 1.0 3.7 0.88
horiz.emit.[om] iR 3.3 75 2.0
vert.emit.[nom] [l 0.017 0.015 0.002
.c.a 3.6 0.4 0.4 0.1
Bfm B 0.2 0.5 1.0
ByImm 000000 FK 1.0 1.0 1.0
T R 121 26 61 45
Courtesy of F. Zimmermann 02> 0.13 012 0.045
0.05 0.09 0.14 0.20
1.16 0.91 0.98 0.68
0.13 0.20 0.30 0.23
m_ 2.93 1.98 2.11 0.77
2 6 12
H_ 1319 242 72 23
0.068 0.086 0.094 0.057
0.068 0.086 0.094 0.057
0.257 0.0633 0.09 0.0468
L /IP[1032cm2s1] 5860 1640 508 132
4 4 4 4

beam lifetime [min] (rad. Bhabha) EE] 38 24 21

beam lifetime [min] >102° >106 38 14



Weak-strong with Self consistent bunch length (TLEP)

* g, is revised by the average of every 100 bb interactions.
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Luminosity and bunch length by weak-strong

_ TLEP-Z TLEP-Z -II TLEP-W TLEP-H TLEP-t

E (GeV)
#e-/bunch [1011] 4.0 2.0 1.0 3.7 0.88
Nbunch 7500 15000 3200 167 160
Damping time (turn) 1318 1319 242 72 23
ox/cy (um) 121/0.25 61/0.125 26/0.13 61/0.12 45/0.045
c,/05(SR, mm/%) 1.16/0.05 0.73/0.05 0.91/0.09 0.98/0.14 0.68/0.20
L (design, cm'25'1)/IP 58.6x1034 58.6x1034 16.4x103% 5.08x1034 1.32x1034
Rt S S N
con5|stent
c,/c5(mm/%) 3.8/0.16 1.6/0.11 2.1/0.21 2.2/0.31 0.79/0.23
ox/cy (um) 99/2.4 99/0.25 20/0.18 48/0.16 36/0.044
L (cm2s1)/IP 25.7x1034 80.x103% 18.4x1034 5.8x103% 1.56x1034

Luminosity of TLEP-Z was lower than the design. TLEP-Z-II : ¢ /4, sy/4,
N./4, 0,/2.5, Np,nenX4 wWas investigated. Beamstrahlung is mild.



TLEP Z (scan for the damplng tlme)
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Strong-strong simulation including beamstrahlung

* 1/p is calculated by the potential in PIC.
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Beam size evolution for unstable and stable cases
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Small asymmetry (10% less e+ beam) of beam currents

L/IP (10%2 cm?s™)
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In stable case v,=0.515,
equilibrium of 6, and G, is
found.

c,=2.5and 2.7mm.
c,=0.18 and 0.3 um.



Luminosity and bunch length

_ TLEP-Z-II TLEP-W TLEP-H TLEP-t

E (GeV)
#te—/bunch [10%}] 2.0 1.0 3.7 0.88
ox/cy (um) 61/0.125 26/0.13 61/0.12 45/0.045
c,/05(SR, mm/%) 0.73/0.05 0.91/0.09 0.98/0.14 0.68/0.20
L (design, cm2s1)/IP 58.6x1034 16.4x1034 5.08x1034 1.32x1034
ek svong i 85| gy sereongtent | ||
c,/c5(mm/%) 1.6/0.11 2.1/0.21 2.2/0.31 0.79/0.23
ox/cy (um) 99/0.25 20/0.18 48/0.16 36/0.044
L (cm=2s1)/IP 80.x1034 18.4x1034 5.8x1034 1.56x1034
I N A I
c,/cs(mm/%) 2.7/0.38
ox/cy (um) 50/0.25
L (cm2s1)/IP 5.2x1034

(vx, vy)/IP 0.515,0.58



Scan for 3,
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Ssummary

* Beam-beam simulation including beamstrahlung was performed.

* The Weak-strong simulation agreed with analytic formula (20% longer
bunch length and energy spread.

* In the Strong-strong simulation, bunch lengthening due to
beamstrahung is enhanced. The horizontal beam size is squeezed by
dynamic beta in this operating point.

* Unstable at v,, v, =0.52,0.58. Choice of the operating point.
* The simulated luminosity was satisfied to the TLEP design.

* Even asymmetry of two beams, reliable equilibrium was found.



