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Compton backscattering (Linear Mode)

Laser flash

Multiple Compton Backscattering Process (MCBS)

Laser flash

k hard photons, k=1,2,3,...



Compton backscattering (nonlinear mode)

Absorption of n laser photons




Luminosity

L= C(]- + BO)NeNL f dthfe (x, Z,Y, t)fL (X, V, Z, t)r
N, — number of electrons in bunches,

N, = U/hw, — number of photons in a laser pulse; U — energy of laser flash,
Fey(Xy,z,t) —distribution of each bunches in the space and time.

For 3D Gaussian distribution F, y with fixed parameters and head-on collisions:

L = NeNL ' o) — transverse dimensions of electron (laser)
21 /JLZX+0'§X ,ny+0'§y bunches.
L _ NeNL
Asarule, 6, > 0 fOro2=o,2=p 22 pi’

no dependence on bunch length

Mean number of emitted photons per an electron (mean number of collisions)

k=L

= N ¢ — cross-section of Compton scattering
e



More strict model F.Hartemann et al. PRST-AB, (2005)1007 02
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fu~exp(=15), pi = pj (1 +%) pi=pi(1+23)
L R f
2
fe~ €xp (— 2‘3)' Zr IS Rayleigh length, B; is the beta function
electrons photons

Longitudinad distributions of beams were approximated by Gaussians with parameters| _and I..
In the Hartemann model the mean number of scattered photonsper an electron :
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Simplestase

P, =const, p, =const, X, <<1
In thelimit z;, — o, #;, > ©

2
1—(I)(X)z 1 exp( X ),
Jr X
_ 2 2
k = 16 e ~ 2NL (8/3)7[ fe ~2N o ||_ n, — laser photon
3 ,OE +p’ T pf concentration
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or using luminosity L : k= . o; = = r” - Thomson cross-section

Cross-section of Compton scattering is determined by kinematics (parameter x,) and
laser field strength parameter a,,.

. . . 2 - U
Classical consideration: aj = 210/1(2}—62, [ =— =—5—, U-—energyof
e L TPLTL laser pulse
U 1 h
- n, = ’ = —
QED: al =4ai’in,, Il — x, -

The mean number of emitted photons k depends on a3:
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CROSS - SECTION OF THE COMPTON SCATTERING
depends on a number of absorbed photons and a3

Invariant spectral variable:
k™ (n)
ym = o ho

Poko Yomc?’

The “partial” differential cross-section

de™  amr? a2 1
d}.r[n]' xnaﬂ X { 4]71 Y (1 y(n) + y(n))UI?I—l +]12':+1 - ZITZI)]:

JZ, is the Bessel function of order m=n-1,n,n+1 depending on argument:

2
) Y™ (1+2)
(1-yM™)nx,  1—ynx, ||

=/2na,

The cross-section of the process with absorption of n photons:

(n) y ) do(™ ( ) (n) nXo
n) — max n = —
o =, iy ) dy Ymax = a?
1+nx0+-2
_ (n)
The total cross-section:  Gnon tin = Otor = Lon=1 0 ) = EETT ‘e™; P non in (1) = Ztot'

The maximal number n,, — from condition ¢ ™max*V) /g, . < 0.005.
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Fig. 1. Dependence of nonlinear Compton partial cross-section on the
number of “absorbed” photons n for different parameters a, (E, = 50
MeV; ho, = 1.17 eV; X, = 0.0009)
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Fig. 2 b) The same
dependence on the
logarithmic scale
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Thomson scattering

Classical consideration of electromagnetic wave scattering by a charge (no recoil,
formally x5 — 0)

4 2
. _ Yo Wo
Frequency of n-th harmonics: Wn =7 + (Yoby)2+aZ /2
Y 0
The dimensionless spectral variable:
S ——on i 0<S, <—
" 4yiw, 1+ (yo0)2+ai/2’ T T 14 a3/2

The spectral distribution of emitted photons from an electron trajectory with N,q. > 1
oscillations 1n the laser field for the fixed harmonic number n:

M _ 2\1% .
W — 2maa®N,g, n S”(2+a°)]a2 J2(nz) + J,2(nz);, nz= \/an\/Snn —S2(1+4+ a3 /2)
A5n 2Spat [n—Sn(1+70)]
(n)
The resulting spectrum: ‘;—g = Z:fo%, 0<S< 1212'?;2
b 0



Using the relation:

N h N h U a’a% lL
dN = =dorhom h == =—— =
OThom where Sph hwomp; 4172

It is possible to get the differential Thomson “partial” cross-section:

(n) 2 n) _ 2112
do 4r> dN n—3S,(24+a .

Thom _ 28 = 8nr? X [ n( 0)] J2(nz) + J,2(nz)

dsS, aagNy dSy 5 a’
25,a5|n— Sy 1+7
And total cross-section:
Nmax
dorhom _ dJT(":)om
as ds,

n=1



The multiple nonlinear Compton/Thomson scattering process

Is connected with two stochastic processes:

* Random collision of an electron with laser photons (k =0,1,2,...);

* Random number of photons absorbed in each collision (n = 1,2,3,...). (Monte-
Carlo simulation only)
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a1 Thomson multiple scattering

dho MeV
0,035 -
0,030 - 1
,/ E0=1 500 MeV
0,025 + fio=1.6 eV
x0=0-037

2—k=0.88; kx,=0.33
3—>k=44; Kkx,=0.163
4—k=9.9; kx,=0.367

0,015

0,010 - x1M11.3

x1/5
0,005 - H N
— X%
0,000 T T T T T T T T T 1
0 20 40 60 80 100
ho, MeV
Fig. 4

Fig. 4. The same as in the previous figure for an electron E; = 1500 MeV travelling through laser
pulses with different duration (curves 2 - k = 0.88; curve 3 - k =4.4; curve 4 - k = 9.9). The areas
under the curves 1 and 2 are equal to the mean number of photons (k = 0.88), but there are the
normalizing factors for the curve 3 (4.4/0.88) and for curve 4 (9.9/0.88).



Monte-Carlo simulation
of nonlinear MCBS process

« Calculation of 6™, 6;,¢, Phontin ():

* Simulation of the path length between collisions along laser pulse;
* Simulation of the number of absorbed photons n 1n each collision;
* Simulation of the energy loss in a collision;

* (Calculation of the emitted photon angle 6 and the check of the criterion 8 < 6.
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Statistical Simulation of Multiple Compton Backscattering Process
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Collimated photon spectra
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Energy-angular Spectral distribution

For a bunch the energy spread of the collected photons depends on
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ELI-NP meeting. Magurele, Aug. 18th 2011




“Red-shift” of spectral lines due to nonlinearity of the MCBS process
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Monochromaticity of the collimated y-beam

€,—normalized emittance
0 - transverse e” beam size

The last term 1s connected with “red shift” with transition from the linear
regime to the nonlinear one.

A broadening of the spectral line is caused by the variable value of the
nonlinearity parameter a, along electron trajectory:

8,(r) = 2|/ an, (N4,
nal =(a2)~(a,)

Ahw 13 ,
hw , 2 %o
nonlinear




. For kinematic range x, << 1 photon spectra calculated in semi classical (Thomson
regime) and quantum consideration give identical results if the more strong

condition kx, << 1 is fulfilled ( k - the mean number of emitted photons).

. Even for laser fields with a, ~ 0.05 (for instance, as at the ELI-NP project)
simulation of the spectral line shape should be performed with taking into account

a nonlinearity of the CBS process.

. There 1s the additional reason for broadening of the spectral line connected with

“jitter” of the nonlinearity parameter a, varying from a shot to shot Aaj
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