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EuroGammas

European Consortium for the delivery of a Gamma Beam System to ELI-NP
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Contributions:
A. Mostacci, F. Cioeta, A. Stella, G. Franzini, M. Pompili, M. Castellano, E. Chiadroni,

A. Cianchi, V. Shpakov, interaction with other WPs

DEELS 2017/06/13 ‘»»» d‘i Spot size and energy measurements with OTR at the ELI-NP GBS Marco Marongiu, Sapienza




Topics M

ELI main parameters

OTR Screens
* Thermalissues
* Fatigue Stress
* Photons Evaluation

Beam Imaging
* Magnification
* Resolution

Energy Measurements
* Angular Distribution
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Electron Beam Parameters @ IP QORI T % vhisrt o Rowia

Electron Beam Specifications

Max. Energy at IP [MeV] 280 —
720 i

Macro Pulse rep. Rate [Hz] 100 ' ' ‘ X

A
o~lps _~7
Number of bunches up to 32 | a=2500C }U\j\j\ /\j\ jUU\j\ j\j\
Bunch spacing [ns] 16.1 -

1 Macro pulse every 10ms (100Hz)

Bunch length [ps] 0.91 }15;5(62‘1""”2) . |
Bunch charge [pC] 25-250 Lo

en_x,y [mm-mrad] 0.2-0.6

Bunch Energy Spread <0.1%

DEELS 20 17/06/13 '))»)) d'i Spot size and energy measurements with OTR at the ELI-NP GBS Marco Marongiu, Sapienza




) A
t ¢ i INFN &L S
LI nac d | ag n OStI cs o 11N&FR!TE M{%ﬁ
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P ICT stripline BPM  cavity BPM
S-band C-band Ebeam=140MeV \ Ebeam=280MeV \ Ebeam=720MeV

photoinjector acc. structure
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I' ' Laser \ g Laser
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Low Ener‘gy LINAC High Ener’gy LINAC
Non-intercepting diagnostics: Intercepting diagnostics:
Charge measurements: Position and spot size
* 4 Integrating Current measurements:
Transformers 23 Beam Screens (YAG and OTR)

(bunch by bunch)
Position measurements:
e 29 stripline BPMs (Macro pulse)
* 4 cavity BPMs (bunch by bunch)

* Beam Loss Monitor System
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Beam envelope along

the Linac
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Thermal Analysis OTR (ﬁft?gm W5 Donersrr o

32 bunches, 250pC each

Beam dimension ATT Al | AT Si
o, =298 pm o, =298 pm 3K 41K
oy =251pm o, =252pm 5K 6K
o, =211pm o, =213 pm 6K SK
o, =184pm o, =184 pm 9K 11K
o, =48pm o, = 109 1m ST K 71K
o, =241pm o, =27pm 43K 55 K
o, =106 pm o, =70 pm 38K 0K
NODAL SOLUTTCN
TEMP (BVG)
390
. 50235 —Silicon
m  309.561 n
mm 316.767 370 ——Aluminium
o 323-972
] 231.178
] 338.383
B 345.589 < 350 |
mm 0279
ALUMINIUM E
© 330
[(}]
Q.
=
2 310
290
270 1 1 1 1 1 1 1 1 1
=HHIzen: o 1 2 3 4 5 6 7 8 9 10

Time (s) x 103

F. Cioeta, M. Ciambrella,, V. Pettinacci, D. Cortis
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1 INFN :
Fatlgue Stress o A %ﬂsﬁ!&ﬂ%ﬁ
Al Si EIEMENT SOLUTICN
Young’s Modulus [GPa] 69 150 pEsEEE: SEY " HIOATE)
Poisson 0.33 0.17 e = '%55182
Density [kg * m ] 2700 2330 0 183+
Coeff. Thermal Expansion [K ] 23x107% [ 25x 107° 306405
Thermal Conductibility [W«m T+ K] 209 145 = O ape
Specific Heat Capacity [Jxkg™' « K] 890 700 ‘ RS
Al Si
Alternative Stress [MPa] 30.2 | 7.74
# Cycles to failure 610 00
Cumulative fatigue damage after 1h/| (.59 0

i

6 seconds
O

Equivalent Von Mises Stress (Pa)

# Bunches | Max. Temp. [K] | Alternate Stress [MPa] | # Cycles to failure

32 344.4 30.2 610
16 320.2 15.2 00
8 307.7 n.a. o0
4 301.4 n.a. 00
2 208.3 n.a. 00
1 296.7 n.a. 00

F. Cioeta, M. Ciambrella,, V. Pettinacci, D. Cortis
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Photons Evaluation
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Gated intensified camera (NEN
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Hamamatsu Datasheet
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Spot size vs Camera Gain
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12

spot size (pleel)

Spot size ws. camera gain

e b T P T TR

X Ariru et al. [Nucl. Instr. and Meth. in Phys. Res. A4 410 (1908) 148
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Camera galn (u.a.)

Avoid Saturation

Find Optimal Gain Value for given values of photons per pixel (different working point)

Courtesy of A. Variola
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F. Cioeta, D. Cortis
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Camera lens 180mm w/o teleconverter (2x)
Cameralens 105mm w/o teleconverter (2x)

Camera Model R (pm) | Sensor size (px) | Field of View (mm)
Basler Scout A640-70gm 7.4 659x494 5x4
Hamamatsu Orca-flash4 6.5 2048x2048 13x13

1:8
Screen (3 cm)

1 1

60 70 80 90 100 110 120 130
Distance (cm)

200

105mm with teleconverter (2x)

Resolution (. m)

180mm with teleconverter (1.4x) 0 1 1 1

70 80 90 100 110 120 130

Distance (cm)

180mm with teleconverter (2x)
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Gaussian Reconstruction (NEN
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0.031
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0.011

position (o)

Relative Erxor (%)

M ma
t/mean

15 20

10

«  5Samples Num. of samplesin + 4 ¢
* Error ~7%
If Resolution=30pum and 0>19um
If 60=10um and Resolution<16pum . 20 Samples
* Error <<0,01%
« 8Samples If Resolution=30um and o>75um
e  Error ~4% If 0=10um and Resolution<4pm

If Resolution=30pum and o>30um
If 0=10um and Resolution<10um
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Measurements @ SPARC_LAB
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SPARC Layout LA (5 SAPIENZA
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Open Issues and foreseen studies LM (58 >APIENZA

Improvements of spatial resolution: interaction point diagnostics (i.e. PSF dominated beam
diagnostics)

Limit of y resolution: is it possible to measure the energy jitter shot-to-shot (<0.2%)?

O~ 1
—r > -
Y \/ngiccel

Limit of y resolution: is it possible to measure the energy spread (<0.1%)

Evaluation of the limits of the beam divergence measure as a function of the beam energy
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Conclusions N !?!u,:m
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A Gamma ray Compton source for nuclear physics
research in the context of ELI initiative is being built.

High repetition rate (100Hz), multi bunch operation (32
bunches) for the LINAC poses some challenge to the
diagnostics:

* mechanical stress -> silicon OTR (lower reflectivity)
* low intensity OTR radiation -> Intensifier 200
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*  Bunch to bunch measurements -> Gated camera
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A high resolution diagnostics is required in order to
verify the beam parameters (especially at the

olution (x m)

interaction point) with the relative uncertainties.
~150

Energy measurement in each diagnostic station:
* Measurements limit -> energy, energy
spread, energy jitter, beam divergence
* Possible layout
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Camera lens test-bench @ SPARC_LAB INFN u SAPTENZA
Resolution (HxV) 1296 px x 966 px Resolution (HxV) 659 px x 494 px
Pixel Size (HxV) 3.75pm x 3.75 pm Pixel Size (HxV) 7.4pm x 7.4 pm
Frame Rate 32 fps Frame Rate 70 fps
Pixel Bit Depth 12 bits Pixel Bit Depth 12 bits
Sensor Size 4.86 mm x 3.62 mm Sensor Size 4.88 mm x 3.66 mm
40 - ' : ,
35} ]
30t 1
25} 1
20t 1
15 ' ' ' '
30 32 34 36 38 40
Distance [cm| Resolution [um] M Field of View [cm]  Distance [cm] Resolution [im| M Field of View [cm]
313 18 1 049x0.37 313 22 1 0.49 x 0.37
39 31 2 0.98x0.74 39 39 2 0.98 x 0.74
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