& TECHNISCHE
S5/~ UNIVERSITAT

“¢r~ DARMSTADT

Compton backscattering

GRK-Day - 2023 KIT

ACCEL_ENNCE=

.
-
.
-
.
.
.
-
.
.
-
.
.
\J

Work supported by DFG through GRK 2128

.
10.07.2023 | GRK-Day 2023 - KIT | Christoph Lorey & Maximilian Meier | Grako AccelencE | Compton Backscattering Y



TECHNISCHE
UNIVERSITAT
DARMSTADT

Compton Backscattering used for...
sonannes GUTENBERG

_ —

Near future: Far future;

+

«*Non-destructive 0:0|nvestigation

detection of nuclear »Brilliant light

structure and J6lu source at TU

**Energy and cross-sections _— . Darmstadt

energy spread UNIVERSITAT Mz

“Nuclear @ Tecnische *Crystallography

+ERL with LCB resonance ‘Az’ DARMSTADT MICroscopic

development fluorescence \ radiography... j

\- J

«*Photo-Fission ) TI.ITI lyncean
BESSY Il
@ o TECHNISCHE L
v—I—UNmL ) d" UNIVERSITAT LLg lﬁ%ﬁ%

nuclear physics MUNCHEN Laboratory

20.03.2023 | DPG Friihjahrstagung 2023 - Dresden | Christoph Lorey | JGU Mainz - KPH | Status of Thomson Backscattering Investigation at MESA 2

- ACCEL_ENCE= -



- JG|U TECHNISCHE
Compton Backscattering — Photon Energy UNIVERS ITAT
sonannes GUTENBERG DARMSTADT

UNIVERSITAT MmaiNz

- (1 — Bcos(ei) L
ph — (1 —Bcos(0,)) + (1 — COS(es)/Ee)

N 4007 Photon Energy: 1.20373 eV
2 | —— Photon Energy: 1.6 eV
‘ max __ 4y EL 301 __ Photon Energy: 2.4 eV
Ph _ 2 300, —— Photon Energy: 3.6 eV
1+ 4Y (EL/ Ee) %*
Y4
A g 250
— 2 3 200
LY = E./(mec )J -
S
;

0 10 20 30 40 50 60 70 80
Electron Beam Energy (MeV)

20.03.2023 | DPG Friihjahrstagung 2023 - Dresden | Christoph Lorey | JGU Mainz - KPH | Status of Thomson Backscattering Investigation at MESA 3 SR AT



TECHNISCHE
UNIVERSITAT
DARMSTADT

Compton/Thomson Backscattering - Recoil

sonannes GUTENBERG
UNIVERSITAT MAINZ

hy U : observation angle of scattered
0 photon in lab reference system

Thomson cross-section is very low:

8
o7 = grg ~ 6.6525 - 107292

3D Recoil factor: A\ = 2hvoy - 2hc” (kxPx -+ k'yPy -+ kzpz)

MeC? m2c?

electron & photon 3D-momenta
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Eom = EX + hv* = mec®V1+ A

/

3D Recoil factor: A\ = 2hvoy B 2hc” (kxPx -+ k'yPy -+ kzpz)

MeC? m2c?

electron & photon 3D-momenta
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-

‘,.-"HV U : observation angle of scattered
ol 0 photon in lab reference system

Thomson cross-section is very low:

8
o7 = grg ~ 6.6525 - 107292

|
E;)h,m — 4/72Eph

A = 2hvgy | 2hc?

o+ s (ko Py + ky Py + k2 P;)
E.o = 105MeV, Eyp 0 = 1.20eV = A ~ 0.0019 Eph.m ~ 205keV
recoil examples:  E, o = 155MeV, E,p, 0 = 1.20eV = A ~ 0.0029 for Epp ., &~ 445keV
E.o = 155MeV, Eyp 0 = 4.38¢V = A ~ 0.0104 Ephm ~ 1.623MeV

3D Recoil factor :
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[ Higher photon energy ]

o7 = 66.5 fm? preferred
vh « mc?
L — fNeNLCOS(QD/Z)

Zn\/aez,y + ULZ,y \/(an,x + af,)cos?(@/2) + (0, + of )sin?(¢/2)

@8
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Higher photon energy
preferred

Head-On Collision
2 4 2 4
O-AEe + En + O-AEL + MZA

“+For higher Energy
E e Op E; 21‘[0)0 “+Easier overlap

High Laser Pulse
Energy (N;)

High scattering
frequency (f)

XSmaII beam size at IP ]
= [__towm® ]
= (oo ]

R. Hajima et al., Phys. Rev. Accel. Beams 19, 020702 (2016)
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Mainz Energy-recovering Superconducting Injector

Accelerator MESA

Courtesy of D. Simon

- MESA can generate electron beams up to 105-155 MeV

- 0.77 (7.7) pC bunch charge at 1300 MHz RF-frequency

- can run in Energy Recovery (ER) or External Beam (EB) mode
- spin polarization of the electron beam available at lower beam
current of 150pA instead of 1ImA

= : :
A— possible location for
Thomson scattering arc
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determine which
electrons scatter with
total Thomson cross
section dependent on
4D recoil factor:
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only scattering y only scattering
electrons © X electrons
A
el, C\
+Z T— - - - -
:> ® 9 ® ::> e T Mt A
'\(/ E'll 'E'ph. 2",’_'1 FA
-
o B Fonsimby, cosgp,
select direction of pelrlfn_rm rel3t|V|stlc 4D ky E7, sin 7y, sin g,
scattered photon CE Ision “”tter_ " R
momentum with chosen scattering : =y cos Oy

2
2r;

A

Otot —

(o=

polarized angular angle:
Th::n_'ns?n Cross fdfz (1/2)(1 Q)T(I) random o-weighted single
section: dQ ' P/, combination selection of 6-¢-grid
8 1 8 1
O Vog(14+A) 4 - 4o
ai’) 81+ 5T 2(1+;’_\.)2]

(1); Wiliam H. McMaster, American Journal of Physics 22, 351 (1954)
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Cross-section
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Polarized (fully linear)
cross-section 14
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preferred

[ Higher photon energy ]

\ Injector . D Electron Guns

-
JMain Accelerator =

- High Laser Pulse
- Energy (N,)
@ @ High scattering
: | X @ frequency (f)

«»*For higher Energy
«»Easier overlap

1

[ Small beam size at IP ]

Low M?
. Laser - .
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1.7 mm opening (Laser reflectivity 98 %)

Off-Axis Parabolic Mirror Laser

Alignment target

Electron Beam deposition <
1%

Interaction point
Beam size g, < 100 um

A Nuclear VWA
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Laser System
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Head-On Collision
s*For higher Energy

" . “»Easier overlap

s A=1030 nm <+ SHG:
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% AT}\,\, 1- 10—3 . -I_]H>GSO %
* Fapg =100W A= 34é nm
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40MHz
% M?<13
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Laser Beam Line

Vacuum chamber (VK1)

Valve 3
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Plan A
Higher photon energy
preferred

Linear Stage

Vacuum Chamber
Coupling

Plan A

Vacuum chamber(VK2)

Q-Triplet 2

Interaction point

Q-Triplet 1

Valve 2

Camera 2

Ms*/as'iq FM4

Breadboard (B1)]

A: Aperture diaphragm

W: Window

L: Lense

M: Mirror

M*: Piezo actuated mirror

BS: Beam splitter

FM: Focusing mirror

OAP: Off-Axis Parabolic mirror
FT: Flurescence target

; :\Az \\
('“::53 “ FM3 II'

Laser Beam Transport (F) M9-M18

w2

Control signal

Pos. stab.

Alignment Laser

Amplock Tangor 100

Synchrolock
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Simulation:
Total =  Zemax OpticStudio
ot 75 = Physical optics propagation
el = 40 m beam transport
1,344e4 =  Telescopes and “relay imaging"
P~ 2094 = Off-axis parabolic mirror with hole

¥ 11,0754
19,407e3
8,064e3
|6,720e3
- |5,376e3
4,032e3

2,689€3 Physical optics propagation @ IP:
e Total power: 94.5 W (100 W)
Waist size: 53.6 ym (12 mm)
Rayleigh length: 8.8 mm

Watts/mmA2

Studio

Total Irradiance surface 75 Interaction point

Beam wavelength is 1,03000 pum in the media with index 1,00000 at 0,0000 (deg)
Display X Width = 3,0766E-01, Y Height = 3,0767E-01 Millimeters

Peak Irradiance = 1,3439E+04 Watts/MillimetersA2, Total Power = 9,8445E+01 Watts
Pilot: Size= 6,7106E-02, Waist= 5,3623E-02, Pos= 6,5988E+00, Rayleigh= 8,7703E+00

Nuclear
Photonics NNV
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Values

Parameters

Electron Beam

Electron Energy (E.) 39 MeV —98.8 MeV .
s Injector Electron Guns
Rel. Error of Electron Energy (AE,) <10 \ PN

J ;
Beam Current (I) 10 A Main Accelerator -

Beam normalized emittance 5 -10"° mrad

Electron Beam Size (0¢,ms)

Laser Beam

Wavelength (1) 1030 nm
Photon Energy (Ej) 1.2eV
Error Photon Energy (AEy) 1-103eV
Pulse Energy (Epuyise) 0.25mJ
Repetition Rate (fyep) 200 kHz
Beam Size (0puiserms) <100 ym

—— 28 keV — 179 keV 475 13, 3ps
Min. rel. Energy Bandwidth, FWHM 0.7 % 200kHz
Total Flux 6 - 103Ph/g
Spectral Flux at min. Bandwidth 38 Ph/s

39MeV - 98,8 MeV & 10 pA(~3 fC)
@3 GHz

Nuclear

AR
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Measurement 35

Maximum Electron Beam
Energy:
85 MeV 3.0 A

Electron Beam Energy in

3. Recirculation: 2.5 1
65 MeV
v -
Electron Beam Current: E 2.0
5 UA -
S
S 1.5
Simulation
MOPA-Laser: 1.0 -
100 W @ 1030 nm,
0.5 mJ, 3ps,
ol 0.59 — With LCB-Beam
o= _oHm —— Without LCB-Beam
LCB: 77.8keV 0.0 . . . . . . . .
Ag7h3 Ph/s 10 20 30 40 50 60 70 80 90 100
PR 2.5 % Energy (keV)

ph

Nuclear
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. We can calculate the polarized and unpolarized
angular Thomson cross section with linear laser
polarization and the relativistic 3D collision between
photon and electron with recoil

Finish Order Process

Redistribution of

Beam Dynamic Simulations he Quadrupoles

Pre-Commissioning st Setup in Parts

« The sampling routine combining the polarized cross
section and relativistic collision calculation with a
flux formula to estimate realistic scattered photon Internship at KPH Uni Mainz
distributions in space will be finalized

ichnigues for photon fltx ™ IgRA I s][)]

Data Analysis
measurements a Paper

« We will verify our results using simulation software

and measurements Commissioning sh with PhD Thesis

. Finally, several case studies of varying laser and
electron beam energies and polarizations including
concrete MESA implementation scenarios will form
the feasibility study
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Fin. ...for now
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Thank you for your attention!

20.03.2023 | DPG Frihjahrstagung 2023 - Dresden | Christoph Lorey | JGU Mainz — KPH | Status of Thomson Backscattering Investigation at MESA 26

- ACCEL_ENCE=



	Folie 1
	Folie 2
	Folie 3: Compton Backscattering – Photon Energy
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9: Compton Backscattering - Flux
	Folie 10: Compton Backscattering | Bandwidth
	Folie 11
	Folie 12
	Folie 13: Results of Comparse
	Folie 14: Results of Comparse
	Folie 15: Results of Comparse
	Folie 16: Results of Comparse
	Folie 17: Laser Compton Backscattering @ S-DALINAC 
	Folie 18: Coupling Chamber of LCB-Source
	Folie 19: Laser System
	Folie 20: Laser Beam Line
	Folie 21: Laser Beam Transport
	Folie 22: Laser Compton Backscattering @ S-DALINAC 
	Folie 23: Background Measurement @S-DALINAC
	Folie 24
	Folie 25
	Folie 26

