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A WIDE COLLABORATION
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WE VALUE FRUITFUL COLLABORATION WITH 

The BoCXS Initiative

A Multidisciplinary Imaging Area
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TUM Munich
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ACCELERATOR-DRIVEN 
Quasi-Monochromatic X-ray SOURCES
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SYNCHROTRON / UNDULATORS & IDs
HIGH BRIGHTNESS

ENERGY TUNABILITY

PARTIAL COHERENCE

LARGE

ELETTRA

ICS-BASED
LOWER e- ENERGY

HIGHER X-ray ENERGY

CONTAINED FINANCIAL INVOLVEMENT

COMPACT

FIRST COMMERCIAL

COMPACT ICS SOURCE

NOW AT TUM Munich

CLS



X-RAY SOURCES FROM LARGE ACCELERATORS 

M. PLACIDI - CompactLight_21 509.11.2021

WAVE nature of light

Charged particles Radiate when subject to Acceleration

λu

IDS, UNDULATORS

Emitted radiation as result of e- transverse acceleration

in Alternating Polarity Magnetic Fields (period     )

𝛾𝑢

e-

𝐸𝑋
𝑈~ℎ𝑐

𝛾𝑢
2

𝜆𝑢

λu



INVERSE COMPTON SCATTERING

The PARTICLE Approach

electron-photon

SCATTERING process

A relativistic electron transfers a fraction of its energy to 

an incoming photon in the Lab-frame coordinate system (xL, yL, zL)

𝐸𝑋 = 𝛼𝑐 𝛾
2 𝐸𝑝ℎ = ℎ𝑐 𝛼𝑐

𝛾2

𝜆𝑝ℎ

WAVE-PARTICLE LIGHT DUALITY 
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Interaction angle 𝜑: strong parameter

for X-energy and flux tuning

Electrons RADIATE in the 

e.m. field of a Laser pulse

The WAVE Approach

lph

Ee

Eph

𝑦𝐿
𝑥𝐿

𝑧𝐿

Energy-Boosted / Frequency-upshifted photons 

emitted along the electron line of flight

in a cone with semi-aperture 𝜃 =1/g
X, e-

max for 𝜑, 𝜃 = 0

𝛼𝑐(𝜑, 𝜃)~
2(1+cos𝜑)

1 + 𝜉 + 𝛾𝜃 2
< 4

ξ = 2𝛾2
𝐸𝑝ℎ

𝐸𝑒
(1+cos𝜑)



SHORTER

IMAGING DISTANCE

𝛼𝑋
𝐼𝐶𝑆 ≫ 𝛼𝑋

𝑢

COMPACTNESS, COSTS

HIGHER EX @ LOWER Ee

𝐸𝑒
𝐼𝐶𝑆 ~10−2𝐸𝑒

𝑢

TWO BIG 

ADVANTAGES

𝜆𝑝ℎ~10
−4 𝜆𝑢

X-ray energy has 

similar expressions but…

FROM SYNCHROTRONS TO ICS SOURCES
Goliath to David             
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𝐸𝑋
𝑢~ℎ𝑐

𝛾2

𝜆𝑢

ESRF: 6 GeV e- / 844 m Circumference

10-40 keV X-rays

SYNCHROTRONS

IDs, UNDULATORS

𝐸𝑋~ℎ𝑐
𝛾2

𝜆𝑝ℎ

CLS@LTI: 40 MeV e- / 5x4 m2 footprint

30-40 keV X-rays

COMPACT ICS SOURCE 

CLS



COMPACT ICS SOURCES
TECHNOLOGICAL APPROACES

LINAC + SR + RECIRCULATOR
(CLS, ThomX)

-- High rc (SR rev. frequency, F-P Recirculator) 

-- Low LX

-- Head-On Collisions 

-- Limited X-ray Energy Flexibility: SR e- Energy

X-ray FLUX   ሶ𝑵𝑿 ≡ 𝜎𝑇 𝐿𝐼𝐶𝑆

TWO APPROACHES
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𝐿𝐼𝐶𝑆 ≥ 1.5 ×
1034 𝑐𝑚−2 𝑠−1

ሶ𝑵𝑿 ≥ 1010 ph/s

𝜎𝑇 = Τ8𝜋 3 𝑟𝑒
2 = 0.665 𝑏𝑎𝑟𝑛

LINAC + LASER
(STAR, BoCXS)

-- Low rc (Linac, Laser)

-- High LX : HE Laser pulse

-- Tunable Collision Angle 

-- Wide X-ray Energy flexibility

𝐿𝐼𝐶𝑆 =
𝑁𝑒 𝑁𝑝ℎ

𝐴 𝜑
𝑟𝑐

𝐴 𝜑 = 2𝜋 Σ𝑦 Σ𝑥
2 + Σ𝑧

2 𝑡𝑎𝑛2( Τ𝜑 2)

min for 𝜑=0 (head-on collisions)
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Original S-Band STAR–like BoCXS Version

𝐸𝑋1 ≤ 440 𝑘𝑒𝑉
𝛼𝑋 ≥ ±3.3 𝑚𝑟𝑎𝑑

𝐸𝑋2 ≤ 880 𝑘𝑒𝑉
𝛼𝑋 ≥ ±3.3 𝑚𝑟𝑎𝑑

https://doi.org/10.1016/j.physo.2020.100036
https://agenda.infn.it/event/20083/

Footprint: ~3 × 12 𝑚2

~12 m

1
5

5
 M

eV

~7 m

S-Band Ph-Inj

Matching 
Triplets

200 - 250 Doglegs

Interaction 
Regions

Yb-YAG 
Laser

hL1

hL2

X-Ray

BPM

H/V Steering

X-Ray

USERS
e- Dumping 

Dipoles

2 x S-Band RF Structures
6m / 25MeV/m 

e-

e-

e-

https://agenda.infn.it/event/20083/


BoCXS EVO_1 
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𝑓𝑟𝑒𝑝
𝑒 = 100 𝐻𝑧

e-

𝐸𝑋 ≤ 500 𝑘𝑒𝑉

Flux: 1x1010 ph/s
𝜆1 = 1032 𝑛𝑚

𝐸𝑋 𝑇𝑢𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦: ~10x

𝐸𝑋 ≤ 1000 𝑘𝑒𝑉

Flux: 2.5x109 ph/s 
𝜆2 = 516 𝑛𝑚

Opt. Boxes

~5𝑚

C-Band RF Structure
2x2m / 40MV/m 

S-Band / C-Band
Ph-Inj

e-

e-

Doglegs

λ1

X-Ray

IR Diag.

IR2

~10 𝑚

BPM

H/V Steering

X-Ray

IR Diag.

λ2

IR1

Footprint: ~3 × 10 𝑚2

Y-Dipole

1
6

5
 M

eV

ALTERNATE MODE 

BoCXS-SC

Yb-YAG Laser

𝑓𝑟𝑒𝑝
𝑝ℎ

=50Hze-

e- Dumping
Dipoles

𝑓𝑟𝑒𝑝
𝑋 = 50 𝐻𝑧

Injection Laser
𝜆𝐼 = 258 𝑛𝑚



BoCXS EVO_1 
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𝑓𝑟𝑒𝑝
𝑒 = 100 𝐻𝑧

e-

𝐸𝑋 ≤ 500 𝑘𝑒𝑉

Flux: 1x1010 ph/s
𝜆1 = 1032 𝑛𝑚

𝐸𝑋 𝑇𝑢𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦: ~10x

𝐸𝑋 ≤ 1000 𝑘𝑒𝑉

Flux: 2.5x109 ph/s 
𝜆2 = 516 𝑛𝑚

Opt. Boxes

~5𝑚

C-Band RF Structure
2x2m / 40MV/m 

S-Band / C-Band
Ph-Inj

e-

e-

Doglegs

λ1

X-Ray

IR Diag.

IR2

~10 𝑚

BPM

H/V Steering

X-Ray

IR Diag.

λ2

IR1

Footprint: ~3 × 10 𝑚2

Y-Dipole

1
6

5
 M

eV

ALTERNATE MODE 

BoCXS-SC

Yb-YAG Laser

𝑓𝑟𝑒𝑝
𝑝ℎ

=50Hze-

e- Dumping
Dipoles

𝑓𝑟𝑒𝑝
𝑋 = 50 𝐻𝑧

Injection Laser
𝜆𝐼 = 258 𝑛𝑚



THE INTERACTION LASER
Credit:        
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MODEL: Magma 500 by AMPLITUDE

Pulse energy 500 mJ

Wavelength 1032 nm

Duration (1 – 5) ps

Repetition rate 50 Hz

Pointing stability < 15 mrad rms

Footprint 400 x 150 cm2



IP OAP1

OAP2

Laser beam

M3

(retractable)

IP Laser Diag.

M4

e- X-rays
e-

20o

𝜑 = 35°

10o

2o

M2

M6

(retractable)

M5

OAP3

OAP4

x=y2/4f2

x=y2/4f1

M1

(scanning)

THE INTERACTION REGION
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Interaction angle 𝝋: strong parameter𝐿𝐼𝐶𝑆 =
𝑁𝑒 𝑁𝑝ℎ

𝐴 𝜑
𝑟𝑐

𝐴 𝜑 = 2𝜋 Σ𝑦 Σ𝑥
2 + Σ𝑧

2 𝑡𝑎𝑛2( Τ𝜑 2)
𝐸𝑋~2(1 + 𝑐𝑜𝑠𝝋) 𝛾2𝐸𝑝ℎ

Two Interaction angle ranges
selected by a Double OAP mirror setup

produce 2-3 keV X-energy shifts for 

KES Dual-Energy Imaging

Flux optimization X-energy tuning
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UNDEFLECTED e- BEAM

Possible use for FLASH Radiobiology

𝑟𝑐 = 100 Hz        Ebeam=2 J/s

Irradiated mass (mice):10g      Average dose 𝑹 =200 Gy/s 

e- bunch charge: Q=500 pC/bunch, E=40 MeV   Ebunch=20 mJ/bunch

Pulse dose:  𝑹=2 Gy/bunch (6x1011 Gy/s, 3ps pulse duration) 



Emitted X − ray intensity ሶ𝑵𝑿~1 × 1010 𝑝ℎ/𝑠
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Today’s BoCXS PERFORMANCE

𝐴 𝜑 = 2𝜋 Σ𝑦 Σ𝑥
2 + Σ𝑧

2 𝑡𝑎𝑛2( Τ𝜑 2)

Luminosity 𝐿𝐼𝐶𝑆 = 1.55 × 1034 𝑐𝑚−2𝑠−1

𝐿𝐼𝐶𝑆 =
𝑁𝑒 𝑁𝑝ℎ

𝐴 𝜑
𝑟𝑐

𝑄𝑒 = 500 𝑝𝐶; 𝑬𝑳= 𝟓𝟎𝟎𝒎𝑱, 𝜆𝑝ℎ
𝑜 = 1032 𝑛𝑚,    𝜑 = 2𝑜, 𝒓𝒄 = 50 Hz

IMPROVABLE?

x2



MULTI-MODE BoCXS SOURCE
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e-

~5𝑚

e-

e-

Doglegs

Opt. Boxes

λ1

X-Ray

IR Diag.

Yb-YAG Laser

𝑓𝑟𝑒𝑝
𝑝ℎ

=50Hz

IR2

~12 𝑚

BPM

H/V Steering

X-Ray

IR Diag.

λ2

IR1

Footprint: ~3 × 12 𝑚2

𝑓𝑟𝑒𝑝
𝑋 = 50 𝐻𝑧e- Dumping

Dipoles

1
6

5
 M

eV

MULTI-MODE VERSION 

BoCXS-SC

e-

𝐸𝑋 𝑇𝑢𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦: ~10x

S-Band / C-Band
Ph-Inj

𝐸𝑋 ≤ 1000 𝑘𝑒𝑉

Flux: 2.5x109 ph/s 
𝜆2 = 516 𝑛𝑚

C-Band RF Structure
2x2m / 40MV/m 

𝐸𝑋 ≤ 500 𝑘𝑒𝑉

Flux: 1x1010 ph/s
𝜆1 = 1032 𝑛𝑚

𝐸𝑋 ≤ 500 𝑘𝑒𝑉

Flux: 0.5x1010 ph/s
𝜆1 = 1032 𝑛𝑚

𝑓𝑟𝑒𝑝
𝑋 = 25 𝐻𝑧

ALTERNATE SIMULTANEOUS

Injection Laser
𝜆𝐼 = 258 𝑛𝑚

𝐸𝑋 ≤ 1000 𝑘𝑒𝑉

Flux: 1x109 ph/s 
𝜆2 = 516 𝑛𝑚

𝑓𝑟𝑒𝑝
𝑒 = 100 𝐻𝑧

SM



Kicker

ELEVATION

y’= 0 

Twin Gap

Dipole

l1

Q2Q1

l2

± k

TOP VIEW

z
y

e-

e-

± s

2ys

e-

e-

z
x

THE SWITCHING MODULE
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10 ms

e-

Programmable

kicker

sequence



SHG

X-rays out of page

x

y

2𝑦𝑠

IR1

IR2

𝜆1= 1030 𝑛𝑚, 𝑓𝑟𝑒𝑝
𝑝ℎ

𝜆2 = 515 𝑛𝑚, 𝑓𝑟𝑒𝑝
𝑝ℎ

Yb-YAG

Opt. box

Opt. box

Laser Phys.

Laser Diag.

𝑓𝑟𝑒𝑝
𝑝ℎ
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SECOND HARMONIC GENERATION
Courtesy         

LIGHT MANIPULATION (SHG) AT THE BoCXS IR’s 



• ADVANCED MEDICAL IMAGING
• PRE-CLINIC DIAGNOSTICS

• KES, DUAL COLOR, PCI

• THERAGNOSTICS - DAT: Diagnostics-Assisted Therapy

• FLASH RADIOBIOLOGY

• INDUSTRIAL DR AND CT SCANS
• NDI IN AUTOMOTIVE ENVIRONMENT (MOTOR VALLEY…)

• ELECTROMECHANICAL

• CULTURAL HERITAGE SCIENCE

• ACADEMIC RESEARCH
• TRANSIENT STATES IN CONDENSED MATTER

• BENCH TEST FOR SMALL ACCELERATORS

• APPLIED PHYSISCS
• LINAC, PHOTOINJECTOR AND LASER TECHNOLOGY

• X-ray INTRUMENTATION (DETECTORS, OPTICS etc.)

APPLICATIONS 
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CULTURAL HERITAGE SCIENCE

Ostuni, Museo Archeologico

Parco S. Maria di Agnano / Salento
Discovered: 1991, Prof. Donato Coppola

Dated ~28.000 years / Paleolithic era

Studies on baby’s details performed at 
ELETTRA Sincrotrone Trieste / Syrmep beamline

Credit: Lucia Mancini, Giuliana Tromba
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Ostuni 1

Ostuni 1b

Delia, the OSTUNI “MOTHER”
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OUTLOOK

GREAT OPPORTUNITIES FOR ICS-BASED COMPACT X-ray SOURCES

AS MULTIDISCIPLINARY TOOLS

HIGH ACCESSIBILITY
LABS

CLINICS

UNIVERSITIES

HIGH QUALITY CLINICAL AND INDUSTRIAL IMAGING
DUAL ENERGY, KES

PHASE CONTRAST

WIDE RANGE OF APPLICATIONS
MEDICAL

INDUSTRIAL

CULTURAL HERITAGE

BENCH TEST FOR ACCELERATOR SCHOOLS

AND DOCTORAL THESES
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A PROJECT IS A DREAM WITH A DEADLINE

THANK YOU FOR YOUR TIME
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SPARE SLIDES
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Field-free region

𝛷 = 13.0 𝑚𝑚
Beam separation

𝑦𝑠 = ±26.5 𝑚𝑚

Deflecting gaps:13.0 × 180.0 𝑚𝑚2

POISSON TGD MODEL
Courtesy: J.Y. Jung / LBNL

09.11.2021 M. PLACIDI - CompactLight_21 24


