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The STAR Project: Status of the
Commissioning of the Compton Light-
Source Infrastructure in Southern ltaly.

Luigi Faillace
On behalf of the INFN-Unical STAR group
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STAR High-Energy Upgrade: Organization Schematics
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Working Packages
BEAM DYNAMICS - A. Bacci

RF POWER SOURCES, NETWORK, ACC. SECTIONS - L. Faillace

MAGNETS/ POWER SUPPLIES - A. Vannozzi
X-ray SPECTRA - |. Drebot

VACUUM - S. Bini

DIAGNOSTICS, ELECTRONICS - A. Stella
ENGINEERING/CAD/ALIGNMENT - L. Pellegrino
COMPUTER CONTROL - E. Puppin
COMMISSIONING - L. Faillace
TENDERS/ADMINISTRATION - G. Fornasier
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TECH TRANSFER: FROM INFN TO UNIVERSITY OF CALABRIA (UNICAL)

* MAustria © Budap

INFN 7 e 7 UNIVERSITA
. | s CALABRlA
Frascati National Labs and °F:::;°e ' . . - , el - o
Milano Unit & LASA Lab | , Lo ks

Tyrrhenian Sea

¢

UNIVERSITA DELLA
CALABRIA

Pl: Prof. Raffaele Agostino
and local STAR Group
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STAR: the X'ray source STAR nominal parameters HE- LE-
linac linac
Energy range [MeV] 40-150 23-65
Rep. rate [Hz] 100
Bunch charge range [pC] 100 -500
Racks: STAR Accelerator Normalized emittance (x,y) [um] 2.0
Magnet Power supplies Bunker Bunch energy spread [%] 0.5
Personnel Safety System, Bunch length - rms [ps] =5
ion pump controllers Bunch spot dimension at IP [pm] 50
Max photon energy [keV] 350 70
@ CAEN Photon Flux 1079 ph/sec
O CAENels
. 30 m
RF waveguide H-switching Towards

ipol t
network/vacuum dipole magne

Low-Energy Line Experimental
chambers

(STAR - Phase 1)\ Hutches

High-Energy Line

AMPEGCN

‘;'i:. ) : |
S-band RF power % . A
Station EOCEM . »f (STAR HE Upgrade) o ¥ '

4 et

LLRF Racks 2o B
Modulator and s mermumENTATON Laser clean room gt P chambers ]
Racks C-band RF power stations A UV photocathode laser | r‘:\\
area ScandiNova smwie IR high-power laser (Amplitude) ' N
Part of Nodica Group ‘.
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RF Linac Layout

RF Gun (2.856 GHz)
pulsed high-brightness
electron beam source

(Radiabeam Technologies)

A
,., S RadiaBeam

Luigi Faillace

1x S-band Linac (2.856 GHz), constant gradient RF accelerating structure

(from Research Instruments)
research
@ Instruments

Low-Energy Line
(STAR-Phase 1)

2x C-band Linacs (5.712 GH2z)
constant gradient RF accelerating structure
(from INFN-LNF)

INFN High-Energy Line

(STAR HE Upgrade)
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First accelerating block: the RF Gun, September 2016

The RF Gun system developed, delivered and installed by Radiabeam Technologies LLC is now operational.

Photocathode laser

Repetition rate (Hz) 100

Output Energy (mJ) >0,3

Short term energy stability (% | <1
rms)

Long term energy stability (% | <2
peak-peak)

Wavelength (nm) 258+/-1
Jitter (ps rms 10Hz-10kHz)
Bandwidth (nm)

]| Strehl ratio

STAR gun after final

brazing
(SLAC, 2015)

STAR, installation September 2016

7
14x10

T
* Bead-Drop
12 —HFSS

-
(=]
T

@
T

N

Electric Field (a.u.)

Solenoid for
: emittance
& compensation

UV laser

axis (mm)

STAR today
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Compton |
IP chambers

~ Repetition rate (Hz) | 100+-1 |
Output Energy (mJ) = 500
Short-term energy stability on 1000 pulses (% rms) <2
Long-term energy on 1 hour (% rms) <3
Central Wavelength (nm) 1030 +/- 1
Short-term jitter (ps rms) 10 Hz-10 MHz <0.25
Spectral Bandwidth (nm) <4
Pulse duration (ps FWHM) <5
Beam Quality M? <14
Strehl ratio >0.8
Linear polarization (%) > 99
Warm-up time (hours) <05
Short-term pointing stability on 1000 pulses (yrad rms) 7
Beam diameter at compressor output at 1/e? (mm) \

. . )
> -5 ~
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The Beam Dynamics (BD) group developed two main software tools ad hoc for STAR

1) The CONTROL ROOM SIMULATOR (operative) —to tune the LINAC behavior VS Simulations

IT is a Graphical interface for the typical CS-knobs value as:

CURRENTS [A] VS B[T] for SOLENOIDS, STEERINGS, DIPOLES
Klystron Power [MW] VS [MV/m] for Gun, Cavities peak field

STEPS [#] VS RF° for Phase shifter, Laser arrival time
Further:

Virtual targets as primary diagnostic system BUT with the helps of BD parameters:
energy-gain, beam-envelops, energy-spread and beam emittance.

2) GIOTTO on the EPICS STAR CS (not still operative; Work in progress) —a Genetic Optimization tool

Luigi Faillace Advanced Accelerator Concepts 2026, Jul 26 - 31 Luskin Conference Center, UCLA



The CONTROL ROOM simulator ol |
i il
o |
ASTRA: the core simulator engine ‘2‘ i 1
(Klaus Floettmann. DESY) 0- .
with a very physical approach M il
ol ]
-10 - 2
12 - 2

14 | | | | | | | | | | | | |

-14-12-10-8 6 -4 -2 0 2 4 6 8 10 12 14

SOL_gun 76.0

= = y - 20 T T T T T i 1 + ! +‘l' ¥ .l+++|+ ]
soL_s1 0.0 Se . -_— 14 run o+ T . -
sig rl-lnl // i } 12 L run2 + ; e
» Correctors 18 - sig r'LInZ V4 : \ 1 10 - 1 inch Yag o
16 MeV ryni / ol gL L
MeV ryn2 ——— ,’ ! 6l i
14 - Derunlx 100 ,/ ! - 4l 4
Dg run2 x 100 --2 S ] 2 ]
12 ! S I B o -
o s 2+ .
10 B "' : ||. ] -4 -
’ 1
6 -
8 - i - N j
6 ! > d or i
.| FLAG-02 (] bl I R A
f -14-12-10-8 -6 -4 -2 0 2 4 6 8 1012 14
1
2 r i——’ .
1
0 | 1
-1 0 1 2 3 4 5 6

Here Gun and S-band cavity up to 6 m as example
We have the whole machine up to the IP

1y Serivi file

Luigi Faillace Advanced Accelerator Concepts 2026, Jul 26 — 31 Luskin Conference Center, UCLA



Magnetic elements

Field/Grad | Nominal

Cooling*

Mag type

SOLLINO®

QUADGL02

QUADGLO3
CORLINO8

QUATRLO3
QUATRL02
QUATRLO1

CORLINO?

CORDGLO1
QUADGLO1

CORGUNO02 CORLINO6 - CORDGLO2

CORGUNO1

Ty — — & =t

Laail 3 — — L3 P
l( Tl

HCOLINO3-

VCOLINO&

o —
—

HCOLINO1
VCOLINO2

DPHHELO1
SOLGUNO1
CORLINOS

CORHEL02

DPHHEL02

QUAHELO1
CORHELO1

QUAHELO3

CORHEL03

QUAHELO02

CORHELO4

DPHDGLO02

QUAIPLO1

CORIPLO1 QUAIPLO2
CORIPL02

QUAIPLO3

INTHELO1

QUAHEL06
CORHEL05
QUAHELOS

Current

INTIPLO1

S Sol B 1800 G 110 A WC

QUADUMO1

Dip B 0.87T 90 A WC

-

Quad A 18 T/m 47 A WC
Quad B 9T/m 9A AC

_-

Steerer B 45 G 30 A

DPVHEL01

*WC and AC: water and air cooled respectively

CORHEL06

Courtesy of A. Vannozzi

Steerer C

From the left: Quad A triplet;
Steerers Aand Dip A

2xDoglegs transport sections: effective filter for unwanted bremsstrahlung produced by dark current in the accelerating
structures.

Luigi Faillace

Dip B

Quad B
triplet

Advanced Accelerator Concepts 2026, Jul 26 — 31
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Beam Diagnostics

Type LINAC |LINAC upgrade LE Line |HE line P . »
Star1 Star-HEL Star1 Star-HEL ibera processing module
2 1 5 4 —

" . (Instrumentation Technology)
Beam Position Monitor

Beam Current Monitor 1 - 1 L e A | o
YAG screen 3 2 4 4 i x50 ex=— [ =
Beam spectrometer 1 1 o C‘:*‘?"?i, -

The system uses 12 Beam Position Monitors (BPMs) with strip-line geometry

Beam charge is measured with integrating current transformers (ICTs) and fast ICT

current transformers (FCTs), plus external readout electronics

Beam size and profile in the linac are measured with Ce:YAG screens (cerium doped
yttrium aluminium garnet crystal). The beam is imaged via a 45° in-vacuum mirror to a

high-resolution Basler camera. 1 o
I =2
Two diagnostic chambers are installed downstream the H-shaper dipole in the &

high and low energy line.

Luigi Faillace Advanced Accelerator Concepts 2026, Jul 26 — 31 Luskin Conference Center, UCLA 11



Control room

Before

—_—
- &

|
é -
. J |
4 ~ ““ SN

Sy ‘4\\\\\; ™)

May 2025
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Control System

STATUSLLRFl —— (STATUS LLRF2 ——MMMM— STATUS LLRF3

.—— .—— Spemierocts | Sreertoss
. ) I P1 controller

i LLRF2 Qutput Level LLRF3 Output Level
| LLRF1 I B o e — LLRF3 S PV ShePe LLRF2  Save Status LLRF2

Pulse shape LLRF3  Save Status LLRF3

= EPICS (Experimental
Physics and Industrial e

Control System) et ¥¥
framework: software - non
infrastructure for |

building distributed - ‘ —
control systems. @ oo

O— s

27345, .

0.0 MW
69.0 deg

= Handling all

S u b SySte m S : L L R F’ 0.0001366 7.512e-05 | p.00016656 00014764 0‘0' I
vacuum, magnets, () S ) L2k

BPMs, cameras, etc. il e N ¢ PV s e - W B
g0

= Phoebus: operator
interface.

;

STAR Phoebus display for the LLRF subsystem of the three Klystron referred as K1 (S-
band), K2 and K3 (C-band).
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STATUS LLRF1

Control System

STATUS LLRF2 STATUS LLRF3

. _i _— Operator Tools = Expert Tools
[Cawe raxcon ][ punse raxon | [Cowe raxcon | [punse rorcon | Pa controllar
:}LRFlDriverInputPower(dBm} I.LRFZOu&LweI Lm S e
] EPICS EX e”mental Pulse shape LLRF3  Save Status LLRF3
_ (Exp , | sz mm | fezsss ) .
Physics and Industrial Display X
Control SyStem) 100 % v (e[| [+
framework: software X2 AP MA@ (] » [xl[2 A e alf@in] » (k|2 A MM al@(K]| »
infrastructure for . KlyFWD KIyREV GunFWD
building distributed g ' e e A DR
2 8- £
control systems. R =708 I W (——
3 o4 -
. Handlingall = % — 1 O B A S B S A B
475 480 474 476 478 480 |
subsystems: LLREF, Time [ys] Time [ys] Time [ys]
loc://power1:LLRF1 loc://power2:LLRF1 loc://power3:LLRF1
vacuum, magnets, ,. _— _, = = —
X2 A cxMamk] » KEs oxeaEE » xKEs o=@ »
BPMs, cameras, etc. GunREV GunPB S1_IN_FWD
g E il e O e e 52'5 “““““““““ i -
= Phoebus: operator £ 1 z I | —
interface. .- g R SRS S, 5| RIS
o : [+ o E S_
T T | I | | | [ I [ L L O O L O L L L _I I | | | [ | | | L T
475 480 465 470 475 480 485 470 475 480
Time [us] Time [us] Time [us]
loc://power4:LLRF1 loc://power5:LLRF1 loc://power6:LLRF1
STAR Phoebus complete display for the LLRF subsystem.
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First photo-emitted electron beam, imaged

First e beam
on YAG screen after the rf GUN. Laser 10 ps.

e-charge about 80-100pC

o= g
wia @

23
g5

D ‘=

I

ino

N
&%o« T
aisiite
&
ezils
Client

?

453 e e = INFN
YV Stan IACRNT, “}\v&: o -‘,. = ' ‘ & m LNF

#& Home » In evidenza » La prima scintilla di STAR: nasce una nuova
sorgente di luce per la ricerca scientifica

LA PRIMA SCINTILLA DI STAR: NASCE UNA
NUOVA SORGENTE DI LUCE PER LA RICERCA

SCIENTIFICA
@ 20 Ottobre 2025 W@ In evidenza, News

First e beam end of July 2025
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Cathode QE Measurement

Scan in energia UV

. Q(Euv) = Qaark + mEyy
300 - C
- m = (2.4515 + 0.1103) z—J
% -~ Fit lineare pesato
5 200 - Banda 10 del fi
£ B Dz:i (o s‘:\o:to-;hot) Qdark — (_163 =i 113) pC
.5
100 -
QE = (1.180 + 0.053) x 10°°
0T
Auv = 257.5 nm,

0 25 50 75 100 125 150 175
Energia laser UV [p)]

Courtesy of E. Tassi
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FLGGUNO1

ouT - out INTIPLO

FLGGUNO1 OUT ['eur

OO — e — e — Y
4w
|

I S-band |
LINAC "

FLGLINOII
FLGLINO1

INJGUN
INJGUNO1

OUT | our

Luigi Faillace

FLGDGLO1 FLGIPLO1
FLGDGLO1 I S
N OUT feur l: OUT [our im\ FLAGS
OUT four ™ LSP FLGI! L LsP

Moving
FLGSTRO1 FLGDUMO1 FLGDUMO1

FL(.GL? e o A T g 1 E

ouT IS IN
- OUT | our &
LSP
' IN |

FLGLINO2 / FLGHELO1
FLGLINDz THAI R INTHELO1 FLGHELO2
R FLGTRLO1
OoUT e IS IN ouT S FLGHELO2
B ouT loir| = . EHELOA
LSP ) LSP OUT | our
IN | s> IN P LGHELO4
N w @  FGHELO! o
LSN LSN IN IN T ouT
Y ‘ SN 5
' g SN OUT
Moving . i. ,' M Lo ﬁ LSP
MENI"W:; '\ - . +—> N
LSP Movin o
IN IN o Slgma <300 pm

LSN

Moving .

LSN

Moving .
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Electron beam at IP

Sigma <300 um

d Electron Energy up to 100 MeV
d The electron beam spot is adjustable by
means of quadrupole magnets!

Luigi Faillace Advanced Accelerator Concepts 2026, Jul 26 - 31 Luskin Conference Center, UCLA
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Timing and Synchronization

UV laser Pulse and Accelerating
RF structure signals are
monitored on oscilloscope (RF
Gun, C-band linac, etc.)

File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help

© 200 mv/ 0201 mv
=0 MOIA o< o

A ADC clipping &

)

sea|y [edaA | seapy awiy ||

RF Gun

Synchronization between UV laser pulse and RF Gun is
obtained through the LLRF at <ps level.

W

1133
|| ig'd2
—

C-Band linac

125.;}5 us 125.;0 us ‘ 125.;5 ys 125.;30 us 125.‘85 Hs
N@5s00ns AT 125.7447570ps  [KJO1> 1@ @< 1|
Luigi Faillace

125.90 pys

125.95 pys 126.00 ps 126.05 ps 126.10 ps 126.15 ps [ 4

Advanced Accelerator Concepts 2026, Jul 26 - 31 Luskin Conference Center, UCLA

19



Temporal synchronization at IP

|l V,\,f ’
Fast IR photodiode
& / -

//
'; 1

To oscilloscope

Luigi Faillace 20



Temporal Synchronization at IP: traces on oscilloscope

2 10.0 mv/ \\1&9 m (@ so0v | 6,93V | @ 5 (50,0 rvy 1470y (@ Boomy [ssomv @ B
© - | M1 | ——
o

A iataii AL AL ARG AL AR SRR CARAAEAL. AL AR cesBRALIRL. . FRL ek el

154742700 ns
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Temporal synchronization at IP: IR laser pulse scanning

. - sy - --.wv A
Cables are equalized - MO"-” -

Times of flight | | JT’
properly evaluated 1B_Lg§§

IR laser pulse scan:
<1ps steps!

To oscilloscope

Luigi Faillace



Spatial synchronization at IP
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Interaction Chamber
(HEL)

Else Nuclear Detector, Nal(Tl).
Energy Resolution: <9% at 662 keV
(Cs-137)

CAEN Multichannel Gammastream
type S2580

XR-100CR Si-PIN X-Ray Detector
(AmpTek)

Interaction Angle 5°

Advanced Accelerator Concepts 2026, Jul 26 — 31 Luskin Conference Center, UCLA
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Background Radiation Characterization

E CAEN mc* Analyzer

GBI  EAQTeddn O

200

ROI Editor B 3 HV Channels 1 X Cursor

. Range: 150

Board Model:
Serial Number:

Channel:
CAEN |..=
: ADC Channels:

Spect. Counts:
Total Counts:
Real Time:
Live Time:

Tools for Discovery *

Dead Time:
ICR:
OCR:

Accelerator OFF

Spectrum  Board

52580

16229

0

fascio e lazer UV 2459 s scintillatore po:
2048

18137831

18274864

53,053.405 s

52,655.587 5

0.750 %
344 462 Cntls
341.879 Cnt/s

Uncertainty:

Cursor

KeV 164511

Pol. PWR HV Range

HV Channel

- @ -‘@ © Done | | €3 Cancel

Begin

End Unc| Centroid FWHM | Resolutior| Range Gross Met Peak 52580_16229 HVOD POS ON O 1.6kV - 500 uA

5

30 8. |2025keV |23.06.. | 11365% |1.38736.. 1723092 | 22512 | 161137 Count 3911

150

250 6. |658.85k... |40.89..|6.21%  [420.26-70.. | 1895878 |32610 |27813

Luigi Faillace

Centroid:
FWHM:
Range:

Gross:
Met:
Net/Live:
Peak:

ROI
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Background Radiation Characterization

Ml - x = o

Spectrum  Board nfc ™

: : : : : : Board Model: 52580
FO Lo P PP (N A PN FE N e e e Serial Number: 16229

. Channel: 0
‘ A E N Mame: fascio e laser UV 2458 s scintillatore posiz
- ADC Channels: 2048

Spect. Counts: 1449855

Total Counts: 1673780
Real Time: 2879213s=
Live Time: 24940215

Statistics Typs

Dead Time: 13.378%
ICR: 581.332Cnts
OCR: 503.559 Cntls ]

eo & ... .........................

% I | ElectronbeamON =

Met:
MetiLive:

- Properly aligned - RO "B
% 10 _ ~intothe beam dump e
<° ............................. ............................... ................ REREREEE RRREEE ..................................... FUWHM:
B 5 - lonization chamber Rance

monitoring placed

w
Spectra List o X
OBl ®MP |

MName C vV R DI A

fascio e laser UV 2459 s scintillatore posizio. .. u B E El L ]

the dump

ROI Editor I X  HV Channels O »  Cursor o x
_ . Cursor
B rence: - O E S E @ oene| [&Grneal| ol PWR HV Range Inh. Pol.  VSet
[Begin | End | Unc| Certroid | FWHM| Resoluior] Range | Gross | Net | Peak | JPOs [ on | €3 [16KV-500uA 7000 | KeV 509.81
Count 1510
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Looking for X-rays...
| We have created a Great Accelerator Team!

,,,,,,,

J

.

<N e |

STAR will host the

International Symposium

| on Compact X-ray Sources 2028

— - H

CE “ 27
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