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” Introduction of Bea mStrahlung @ mveraitd WAL bovee

e Beamstrahlung = Beam + Bremsstrahlung

* namely synchrotron radiation emitted during the beam-beam collision , can be an
important effect for circular high-energy lepton colliders such as FCC-ee and CepC.

* In those circular e+e- colliders, beamstrahlung can limit the beam lifetime and increase
the energy spread and bunch length.

* The energy loss due to beamstrahlung!!!
Energy Loss & Energy Distribution at IP
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[1]D. Shatilov Energy loss due to beamstrahlung and impact on local energy and on energy differences of
colliding and non-colliding bunches, This workshop 2022
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” The total energy spread D oo v

* The total energy spread!!): o5 ¢¢
* The natural rms energy spread from Synchrotron Radiation(SR) : g5 s
* The additional energy spread due to beamstrahlung(BS): o5 ps

a§,5R+a,2g,BS= aﬁjtot(added in quadrature)

* The energy spread due to Beamstrahlung: mp :The numberof P~
Tg sg : Longitudinal damping time
. 2 nIPTE SR ( 2) 1.4 NpTEsrTe Nb )/ a: Fine structure constant
Conditions : 05BS = AT ny AT a020'3 Ny: Bunch population
oy < 0y rev rev Z ¥ X | y:Relativistic Lorentz factor
- n;pTE SR Te be 0,: Bunch length
T ~T =
UE'tOt « UE'SR Set: A=1.4 AT, 0,: Horizontal beam size
Z mode (%égZMeV(ZiIZOMeV) A7 acs Trev: Revolution period
o'g BS = —5 n,:The average number of photon per collision
’ O'Z2 (u?): The average squared photon energy
* The total energy spread(analytical expression):
1/2
. l 2 n 1 0, 0-5 SR
Istot = |5055rR T\ 7 — 05 SR 52
z,SR

[1]0hmi K, Zimmermann F. FCC-ee/CepC beam-beam simulations with beamstrahlung[R]. 2014.
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M The total emittance @ i Wi

* The total emittance:€, ¢¢
* The emittance due to Synchrotron Radiation(SR) : €, s
* The emittance due to beamstrahlung(BS): €, g5

€Extot= €Ex,sRT €x BS

* The emittance due to Beamstrahlung!:

NipTy

— 2 *
€x,BS = any«i )j{x

* The dispersion invariant:

VIR R DR
}[x — ﬁ*
X

[1]Garcia M AV, Zimmermann F. Effect of Beamstrahlung on Bunch Length and Emittance in Future Circular
e+e— Colliders[J]. Proc. IPAC, 2016, 16: 2438.
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” The total energy spread and emitta D oo i

* The total energy spread and emittance

nipTyx 2 *
AT, ny(“ )ﬂx

€xtot= €Ex,srRT

NnipTE SR

2
4Trev le (U )

2 _ 2
O5tot = O5sr T

* The relationship between emittance and energy spread due to the beamstrahlung:

_ Tx 2 g_[*
€x,BS — Tpsh Os5BsItx
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” The Standard case D oo Wi

e The Standard case: (D, = 0)

* meets condition: Dy0s ¢or < m (Beam size g, = \/(D;O'g'tot)z + Bx€x tot)
« Hi=0

* The emittance growth due to beamstrahlung:
*  €xBs =0, Extot= Ex,sR

* The energy spread due to the beamstrahlung:

85,2
2 NIpTE,SR 2 NniptEsr reNpY
o =—n(u*) =~ 14 ——7>"——
8,BS 4TT€17 ]/< ) 2.3

4Trey QOz0%
s Oy = (D*a )2+,B*6 =/ Bx€
X xY6,tot xCx,tot xCx,SR

* Simulation softwares: (simulate the energy spread and beam length with/without
beamstrahlung)

FCC-ee CDR Simulation parameters with 2IPs

e FCC-ee: LIFETRAC (D Shat||OV) Mode Z S-channel WWwW ZH tt(182.5GeV)
. Energy spread 0.038 0.052 0.066 0.099 0.150
* CEPC: IBB(Y. Zhang) (%)(SR/BS) 05 0.132 0.131 0131  0.165 0.192
Bunch Length 3.5 3.0 3.15 1.97
(mm) (SR/BS)a,, 12.1 6.0 53 2.54

Bunch population

(N, 101 1.7 0.6 1.5 1.8 23
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M The monochromatization case @ o Wi

2
* For the monochromatization case(Dy0s tor > +/ Bx€x) (0x = \/(D;a&tot) + Bx€x.tot)

* The horizontal damping time: 7,,= 27g ¢
« D), ay=0
. e — (BaDY +a;Dy)" 4037 D2
e = Bx - Bi
* The energy spread due to the beamstrahlung:

53,2
NnipTESR Te NpVY
4Trey @0Z0%

2 NipTE SR 2
° O = n,(u“) = 1.4
8,BS 4Trep }/< )

k 2 * .
Tk \/ (D3d5.0t)” + Brexcor The two equations are coupled
* Reduce the ag’BS

 The emittance growth due to the beamstrahlung:
D;?

2

Tx 2 * 2
* €xps =——05psHx=20
X,BS = 7 oz 08B x=4 955

* JExpsPx = \/EO'&BSD; (beam size due to the dispersion on beamstrahlung energy spread)
* Does this mean the emittance growth is due to the coupling between longitudinal and transverse motions?
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” The effective monochromatization fa @ o Wi
e The effective monochromatization factor
1
D*ZO_Z >
. 1 — Ow,D*=0 — O’(S,tot( x 0§ SR + 1)
eff Owmc 05 SR 5x,totﬂ;

_ _ 2 D;?
Ex,tot= Ex,SRT €x,Bs = ExsrT 2 05 gs Br

N[

*2 _2
Ow,Dx=0 _ 05,tot< Dx“05 sk + 1)

2 2
Ow,mc 05 SR 8x,SR,3;c< + ZGS,BSD;
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Continuing work and questions

* The continuing work

New parameters for the standard case with 4 IPs

Numerical calculation of the monochromatization case with new parameters
Optimization of bunch population and bunch length

The guinea-pig simulation with new emittance and dispersion values with beamstrahlung

Re-plot the relation line between energy spread and luminosity in Significance contours, then find the
best choice of dispersion.

 Why and how does the transverse emittance grow due to beamstrahlung?(0.52nm ----2.5nm)

If there is no transverse emittance growth or a smaller betaX ,a smaller dispersion at IP is needed....
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Thanks for your attentions!

And welcome comments!
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