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W eli  ELI-NP: F-1-UK Proposal
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European Collaboration for the proposal
of the gamma-ray source: [+ e
v Italy: INFN,Sapienza
v' France: IN2P3, Univ. Paris Sud .
v UK: ASTeC/STFC J &
~ 80 collaborators elaborating the CDR/TDR > = Pmpos'a[ for 3 hlgh_
Covering . brightness y'source for «
v" Underlying physics & Best machine layout == ~ the ELI-NP fac: »
v" Technical realization
v" Infrastracture concern
v" Management structure
v’ Costs & Timing and Schedulling
v" Training and education
v Implementation
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Gamma Beam Source

The Challenge we are facing: design the most advanced Gamma Beam System based on

state-of-the-art components, to be commissioned and delivered to users by the end of

year 2016, reliable, cost-effective, compatible with present lay-out of ELI-NP building
and ready for future evolutions ‘ Warm RF Linac vs Pulsed Recirculated Laser

Prototype of a New Generation
(Light) Gamma-ray Sources:
Bright, Mono-chromatic (0.3%),
High Spectral Flux (> 104
ph/sec’eV), Tunable (1-20 MeV),
Highly Polarized, based on
Compton Back-Scattering of
High Phase Space Density
Electron Beams by Lasers

Nuclear Resonance Fluorescence

Nuclear Photo-fission

Table 1: Summary of Gamma-ray beam Specifications

Photon energy 1-20 MeV
Spectral Density > 104 ph/sec.eV
Bandwidth (rms) <0.3%

# photons per shot within FWHM bdw. 2-6:10°

# photons/sec within FWHM bdw. 0.5-1.5-10°
Source rms size 10 - 30 um

Source rms divergence

25-250 urad

Peak Brilliance (Npn/secmm?mrad?0.1%)

2040% - 11107

Radiation pulse length (rms, psec) 0.7-1.5
Linear Polarization >95 %
Macro rep. rate 100 Hz
# of pulses per macropulse < 2D
Pulse-to-pulse separation > 15 nsec

Isotope Detection -> toward Nuclear

Photonics
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A simple model has been derived by L. Serafini, V.
Petrillo predicts the number of photons scattered
within the desidered bandwidth:

Energy spectrum
12000 . I

I (nitial
[ After collimator 1
10000 § [ After collimator 2

wa =1.2-10° lt [J]Q[pCZ] Tre Nee p2 -
hV[eV]O'X [,Um] 2 5000
scattered — ph/sec within ¥ = ¢ 4% o
Av, S
sl

L. Serafini
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‘“‘" ”:LJ The spectral density (Serafini-Petrillo)

A
Spectral density for the considered bandwidth st :

Vy
4 2
(AV7)2_4(M)2_ ‘n _(AVL )Z (M ‘A )4_ agp
2 v7 14 Oy VL 27 3
Wi ;i 405 +WG

Av 3
for ELI — NP must be—~ =0.003 and SPD =10

Vy

fRF = 100 Hz U,_ = Laser pulse energy (J) NV = laser photon energy=2.4 eV
Nk = bunches per RF pulse Q = . bunch charge (pC) ¢: collision angle

O, = e- beam foca rms spot sizein um W, = laser focal spot size in um 3



Analytical model vs.

erms; (Hrad)

winss  classical/quantum simulation
610° - () -f.-'
410" -
N;n;ber of 10° - CAIN (quantum
PROTONS MonteCarlo)
0 : : / Run by l.Chaichovska
and A. Variola
610°4 (b) /
- .-: —  TSST (classical)
-~ =
410 ‘_,-':_.-_". = Developed by
bandwidth ‘.F"::'_':.g'fl . \ P. Tomassini
.llll".. \
210~ c
omp_Cross (quantum
semianalytical)
0 . . ' | | Developed by V.Petrillo
0 10 20 30 40 50

V. Petrillo
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Table 2: Electron beam parameters at Interaction Points: general characteri:

all values are rms
Energy (MeV) 200-720
Bunch charge (pC) 25-400
Bunch length (wm) 100-450
En_xy (mm-mrad) 0.2-0.8
Bunch Energy spread (%) 0.04-0.08
Focal spot size (um) 10-30
# bunches in the train < 25
Bunch separation (nsec) 15-20
energy variation along the train 0.1%
Energy jitter shot-to-shot 0.1 %
Emittance dilution due to beam breakup <10%
Time arrival jitter (psec) <0.5
Pointing jitter (wm) 1
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Table 2: Electron beam parameters at Interaction Points: general characteri:

Electron & laser beams

all values are rms

Energy (MeV) 200-720

Bunch charge (pC) 25-400

Bunch length (wm) 100-450

En_xy (mm-mrad) 0.2-0.8

Bunch Energy spread (%) 0.04-0.08

Focal spot size (um) 10-30

# bunches in the train <25

Bunch separation (nsec) 15-20

energy variation along the train 0.1%

Energy jitter shot-to-shot 0.1%

Emittance dilution due to beam breakup <10%

Time arrival jitter (psec) <05

Pointing ]'itter (,um) Table 3: Laser beam parameters

Low Energy High Energy
Interaction Interaction
Pulse energy (J) 0.5 0.5
Wavelength (el/) 2.4 2.4
FWHM pulse length (ps) 2-4 2-4
Repetition Rate (Hz) 100 100
M2 e <12
Focal spot size wo (um) 25-40 20-35
Bandwidth (rms) 0.05 % 0.05 %
Pointing Stability (urad) 1 1
II| Sinchronization to an ext. clock < 1 psec < 1 psec

Pulse energy stability 1% 1%
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Baseline for the Linac

Accelerator Layout Schematic
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U -x—lJ The hybrld scheme for the Linac

A J2IMAS -_f 7 WSIESS
> Operatlon Cr’terla 00a C-BAND LINAC: RMS ENERGY SPREAD VS BUNCH LFNGTH
= Longbunch at cathode for high 5 *** 7
phase space density : % 00025 //
2 0.002 |
ngnz >103 pC/(p.rad)z é 0.0015 l{ // |
= Shortexit bunch (280 pm) for 2 o
0 — |
|OW energy Spread (~0.05 /0) # ’ 0 100 200 300 400 500 600 700
RMS pulse length(micron)

» Advantages:
* Moderate risk (state of art RF gun, reduced multibunch

operation problems respect to higher frequengies;iow

compression factor<3) Chant
= Economic installed

= Compact (the use of the C-band
» booster meets the requirements on

» the available space) — j
= Possibility to use SPARC as teststand |
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Nueleaiy Rhysies;

Linac & TL

Low Energy
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Nueleair Physies;

Lowen

E,=0.36 GeV
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Nueleair Physies;

Lowen

Highen

WPref_SB-energy spread & current

BE/E, (%)
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el Wake on Ax=500 um

Transverse wake of a single cell from:
W = ae” /tsin(wrpt) V/C/m

with: a =245V /pC/m, wgr = 21 - 8.398 x 10°
Wake res Q 11000 Wake res Q 100

r£,=10.2 (um) re,= 0.4 (um)
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" eki The laser systems

Nueleaiy Rhysies;

Photocathode E|ectron

i Photocathode acceleration : PRI
) Interaction
5 lase: p ' cavity #1

L 3 4 -7
N\ V4 -~
-
-
—— .)| : Interaction
- Interaction laser cavity #2

RF-laser Synchronization 1ps




i ek The laser systems

Nueleay Rhysies;

Photocathode E|ectron

' Interaction
cavity #1

Photocathode acceleration
laser

Interaction
cavity #2

RF-laser Synchronization 1ps

No industrial system do exist W=y
=» specific development

'No specific development needed

=» Industrial deliverable (Ti:sapph)
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‘"" _h State of the art cryogenic amplifier

Betoreh i around 100Hz
R lorado State Univ. CLEO 2012 (results shown last week)
A=1um,1J@50Hz, 5ps
£ pd 2 (b)
Yb. Pulse Yb.YAG 0 Yb:YAG .
Oscilla Stretcher Amplifier 1 AmPigier 2 2,5 =
14, 5
ps 1,64, g PY
Line Focusing Grating Pulse Cryo Yb:YAG w1
opﬁcs ressor Amp’meS g ®
- = g 05
®
Target 78.90 nm Soft @
Chamber ARy Kt 2 4 B

Peak Pump Power (kW)

This is the solution we are following
*Already 2 beams @ 50Hz & optical switch @100Hz

fits the requirement
*Pushing 50Hz—>100Hz is feasible

F. Zomer
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M eli L aser request at the Compton IP
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Nuelear Rhysies;
E e 1ms (100Hz)

~15ns
M M
\ J
|
~25 PULSES ~0,5J/PULSE

tical

pulse@100+z [l | AMPlifiers S W
A~0.5um

A~1pm A~1um op
At™~3ps 1J@100Hz 0.5J@100Hz ‘ recirculator




.m. l Solution : a laser beam recirculator made of
individual spherical mirrors

> 2m = 213ns round-trip period

Mirrors are located
on 2 rings centred
on the e-beam axis

\

Incident laser
3ps FWHM
515nm

collimation focus collimation

F. Zomer

And another
solution under
study to reach 50
Round trips




Ul %,L Future option for Luminosity increase
Nucleay Rhysies;

* Increase the number of interactions per pulse by

recirculating N,,,,.. times the beam in a ring

L ring = Tpulse

(one train circulating in the ring)

10 msec

B e

ouise < 300 nsec

NO e- beam recirculation:
Laser beam recirculations (N,,) = bunches in the train (N,)

Y % ; :
Nturns 2 1=> NIr > Nb Nturns C. Biscari
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No chromatic effect correction
No shielding

6 cells: 100% increase €,

8 cells: 80%

10 cells: 5%

] O i ) .
:lJ Horizontal emittance degradation

Strong influence of bending angle
Space requirements against
emittance increase

x10 Emittance

4.5+

zoom ¢4 J

©

2 L S N

—6cells
fr —— 10cels
— 8cels

| | | | |
40 50 60 70 80

s(m)

\ \
20 30
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The E-Gammas-Source has been designed with his
main features for feasibility, performance and cost
effectiveness.

Electron beam SB and MB beam dynamics studies

have been performed and are close to be completed.

The laser system and recirculator baseline has been
defined the design finalization is on going.

Tolerance studies have been started and their
completion is on going.

An electron recirculating ring is under study to
improve luminosity.

IPAC 2012, May 21-25 2012, New Orleans
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i :—,l Collimation system 1/2

Geant4 collimation line ssmulation

Exp.
Area

Energy deposited

m Collimator 1 [Cu] Colll E,. /E

dep’

d=6m,r=04mm,1=30cm Col2 E,_/E
used @ E166 (r = 0.425 mm) ’
Coll3 E E

dep / tot

m Collimator 2 & 3 [W]
d=65&70m, r=04mm,]l=4cm

m Beam pipe [Fe]

r=2cm, t=0.1 cm

O. Dadoun
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Other type : dual slit collimator [W]
used with 5§ MeV linac X-ray beam

\
SRR\

A solution was found with 4x2 collimators

= (Collimation length greater

O. Dadoun

= Gamma yield smaller (=3 times less)



