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Photo Injector Test Facility at DESY in Zeuthen (PITZ)

• Develop and optimise electron sources for the X-ray lasers and particle accelerators of the future like FLASH 

& EuXFEL

What? When? Why?

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

23 Years ago: Start of beam operation at PITZ
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Motivation
Accelerator, Light Source and Applications

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Accelerators produce extremely bright, tunable beams (X-rays, IR, THz, etc.) used to 

explore matter, biology, chemistry, and physics at atomic scales.
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An ideal Light Source

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

1. Tunable in wavelength 

2. Highly Brilliant 3. Fully Coherent
https://en.wikipedia.org/wiki/Electromagnetic_spectrum

𝐵𝑟𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝐹

𝑆 𝑥Ω

Angular 

divergence, Ω
Flux, F

Source 

area, S

multi-color X

wide source X

multi-color X

Collimated √

Monochromatic √

wide source X

Monochromatic √

Collimated √

= coherent
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User’s wishes 

• High resolution at small spatial scales

➢ Short wavelength

• Large statistics in single-shot

➢ narrow bandwidth

• Stroboscopic picture of chemical processes

➢ Short pulse

• Large statistics in multi-shot

➢ large number of photons per pulse (Peak intensity)

• Most of the photons at the same wavelength

➢ Large number of pulses per second (Repetition rate)

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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Light Sources 

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Generation Purpose Radiation Brilliance Bandwidth / Coherence

1st (1960s)
Nuclear Physics 

(parasitic use)
Broad, non-optimized Low Broad bandwidth, incoherent

2nd

Dedicated light 

sources (bending 

magnets)

Broad, better-controlled Medium Still incoherent, broad

3rd (1990s)
Optimized with 

undulators

Narrower, tunable, 

directional
High

Quasi-monochromatic, partial 

coherence

4th
Free-Electron Lasers 

(FELs)

Laser-like, coherent 

radiation

Extremely 

high(Peak)

Narrow bandwidth, full spatial & 

temporal coherence
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Free-electron Lasers

▪ Tunability: FELs offer tunable output across a broad range of 

wavelengths, from the infrared to X-rays. Wavelength tunable down 

to 1A → atomic scale resolution

One of the primary advantages of FELs is that, in contrast to

conventional lasers, the radiation wavelength can be varied by simply

changing the electron energy

▪ Ultrashort Pulses: (fs scale) → molecular movies 

▪ Coherence: FELs exhibit high temporal and spatial coherence → 

Monochromatic √ Collimated √   → single nanoscale objects

▪ High Brightness: This high brightness is beneficial for applications 

requiring intense and focused beams, such as materials science, 

biology, and imaging.

▪ Modern FELs such as FLASH, the European XFEL, and LCLS can 

reach peak magnitudes on the order of 1033

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Core Features

3rd

generation 

synchrotron 

light 

sources

4th

generation 

FEL light 

sources
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FEL Requirements on e-beam

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Pierce Parameter

▪ Radiation Power: 𝑃 𝑠 = 𝑃0𝑒
4𝜋 3

𝜆𝑢
𝜌𝑠

▪ Radiation Power at Saturation: 𝑃𝑠𝑎𝑡~𝜌𝑃𝑏, 𝑃𝑏= 𝐸𝑏I/e

▪ FEL Power Saturation Length: 𝐿𝑠𝑎𝑡~
𝜆𝑢

𝜌

▪ And pierce parameter depends on , Beam Energy, Peak Beam Current, Trans beam size → emittance and 

Undulator

▪ To have a large ρ (for a given lasing wavelength), we need a beam at the undulator with high peak current, 

small transverse emittance, small energy spread

𝜌 =
1

4
[
1

2𝜋2
𝐼𝑃𝐾
𝐼𝐴

𝜆𝑢
𝛽𝜀𝑁

(
𝐾

𝛾
)2]

1
3

Trans Emittance

Undulator Parameter

e-beam energy

e-beam Peak Current
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SASE FEL Requirement on e beam  

▪ Basic scaling laws for a Self-Amplified Spontaneous Emission FEL that drive the layout of facility:

▪ 𝜀𝑁 < 𝛾
𝜆𝑟

4𝜋
, 𝜀𝑁: Normlized emittance, 𝜆𝑟𝑡ℎ𝑒 𝐹𝐸𝐿 𝑟𝑒𝑠𝑜𝑛𝑎𝑛𝑡 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ 𝑎𝑛𝑑 𝛾 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑖𝑠𝑡𝑖𝑐 𝑓𝑎𝑐𝑡𝑜𝑟

▪ The resonant condition is written as 𝜆𝑟 =
𝜆𝑢(1+𝐾

2)

2𝛾2
, K = 93.4 𝜆𝑢BRMS is undulator period, BRMS is the RMS undulator field, 𝜆𝑢

is the undulator period length

▪ The gain length is : 𝐿𝑔 =
𝜆𝑢

4𝜋 3𝜌

▪ The FEL Parameter:𝜌 =
1

4
[
1

2𝜋2
𝐼𝑃𝐾

𝐼𝐴

𝜆𝑢

𝛽𝜀𝑁
(
𝐾

𝛾
)2]

1

3, 

▪ IPK is the peak current, IA ≈ 17kA , 

▪ Energy spread has to be smaller 
𝜎𝐸

𝐸
< 𝜌

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

W. Decking, Proceedings of the 27th International Free Electron Laser Conference

Transverse Emittance of e beam cannot be improved in a

LINAC →has to be minimized at the Injector
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XFEL key component: → high brightness electron source

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Why electron injector is so important?

▪ Low emittance is a key figure of merit

for circular and linear colliders and

FELs

▪ High photon brightness → low

electron beam emittance
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Emittance

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

A measure of beam quality 



Page 12

Beam Quality determination at Source

▪ Performance of machine depends on the quality of the beam generated by the injector the RF Gun

▪ The emittance growth in the RF gun occurs close to the cathode surface due to the defocusing space-

charge forces, → where the beam is non relativistic.

▪ The minimization of defocusing space-charge forces is required to obtain the min emittance which is basic

requirements for FELs

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

▪ It can be done by

• Gun Gradient is important to reduce the 
emittance, increased gradient reduces space 
charge forces

• Cathode properties to have less space charge 
(Green Cathodes)

• Photo Injector Laser (PIL) temporal and 
transverse profile

• Magnetic focusing of RF gun
K. Floettmann, DESY Hamburg
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Laser shaping

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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High density of the electron beam phase space
Why electron beam emittance must be small

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

e = 1 mm mrad

e = 2 mm mrad

e = 3 mm mrad

Undulator length, m

P
e
a
k
 p

o
w

e
r,

 G
W

XFEL
(1Å)

Goal emittance for the XFEL:

0.9 mm mrad @ injector

1.4 mm mrad @ undulator entrance

The European X-Ray Free Electron Laser (EXFEL) in Hamburg, Germany

Beam  emittance in linear accelerators can only increase ➔

➔ High Brightness Electron Source required to start with smallest possible 

emittance

E-beam brightness: 𝑩 ∝
𝟐𝑰

𝜺𝒙𝜺𝒚
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PITZ

• Conditioning and characterizing gun

• R&D

• Photoemission studies 

• Laser shaping

• Diagnostics methodologies

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Scope

• Applications

• High Brightness Beams for FELs

• TeraHertz Radiation 

• Radiation therapy
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PITZ evolution 2002 - 2022

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Primary goal: improve emittance

2025

Gun5.2
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▪ Founding partners of PITZ:

• DESY,  HH & Z (leading institute)

• HZB (BESSY) (A. Jankowiak):  magnets, vacuum

• MBI (S. Eisebitt):  cathode laser

• TU Darmstadt (TEMF, T. Weiland, H. DeGersem):  simulations

▪ Other national partners:

• Hamburg university: 
- most PhD students; 
- HGF-Vernetzungsfond; 
- generation of short pulses
- plasma experiments

• HZDR: 
- BMBF-PC-laser-project between MBI, DESY and HZDR, until ~2009; 
- collaboration between HZB, HZDR, MBI and DESY in SC-gun-cluster

• TH Wildau:
- radiation biology and FLASH radiation therapy

▪ International partners:

• IAP Nizhny Novgorod + JINR Dubna:  3D elliptical laser pulses,  THz radiation

• INFN Frascati + Uni Roma II (M. Ferrario, L. Palumbo):  E-meter and TDS  pre-studies

PITZ Collaboration Partners (formal contract signed)

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

• INFN Milano (C. Pagani):  photocathodes

• INR Troitsk (L. Kravchuk):  CDS, TDS, Gun5

• INRNE Sofia (D. Tonev):  EMSY + personnel

• IJCLab Orsay (W. Kaabi):  HEDA1 + HEDA2

• UKRI Daresbury (D. Angal-Kalinin, B. Militsyn):  phase
space tomography

• Thailand Center of Excellence in Physics
(Duangmanee Wongratanaphisan, Ch. Thongbai):  
personnel

• AANL (YERPHI) (G. Karyan)  + CANDLE (B. Grigoryan), 
Yerevan:  personnel

• LBNL Berkeley (Th. Schenkel): PWFA, NC CW Gun

• SLAC (N. Holtkamp): LCLS-I undulators

contract on green

photocathodes

Currently 

suspended

Currently 

suspended
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Photoinjector Test Facility at DESY in Zeuthen (PITZ)

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun Booster RF deflector

Undulator

Radiation biology 

beamline

Photoelectron gun:

Accelerate to ~7MeV/c

Booster cavity:

Accelerate to 22 MeV/c

Transversely 

deflecting structure:

Transverse acceleration 

for beam diagnostics

Dipole magnet:

Deflects beam 

energy-measurement

Undulator:

Free-electron laser 

in THz (sub-mm) 

region



Page 19

Solution to low emittance

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Photocathode RF Gun
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Some parameters of FLASH and Eu-XFEL

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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Operating an acceleration RF cavity

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

• Amplifier for radiofrequency (RF) electromagnetic wave

• Waveguides (metallic hollow tubes) direct RF to cavity

• Insulation gases improve electric breakdown threshold
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RF cavity

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

RF cavity body

Two designs of the cathode area

Watchband 

spring 

design

Contact 

stripe 

design

Mo plug

CuBe spring

Cs2Te 

cathode

Mo plug

CuBe spring

Cs2Te 

cathode

Parameter Value

Max. accelerating gradient at the 

cathode, MV/m
60

Frequency, MHz 1300

Unloaded quality factor ~20000

Beam momentum after gun, MeV/c 7

RF peak power, MW 6.5

RF pulse duration, µs ≤650

Repetition rate, Hz 10

Main parameters

The rf photoelectron gun cavity operates with a 

standing wave regime with a resonant frequency of 1.3 

GHz
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Photocathode load-lock system

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun

CsTe surface for photoemission

A load-lock cathode system allows mounting and changing of 

cathodes while maintaining excellent ultra-high vacuum conditions

Cathode plug
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Gun designs

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun Booster RF deflector

Undulator

Accelerating structures
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun Booster RF deflector

Undulator

Solenoid magnets (focusing)
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun Booster RF deflector

Undulator

Steerer/corrector magnets

(distributed all over beamline)
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun Booster RF deflector

Undulator

Quadrupole magnets
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun Booster RF deflector

Undulator

Charge measurement:

Faraday cups (FC)

Integrated current transformer

Current 

transformer

Faraday cup
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Emittance Measurement SYstem (EMSY)

Gun Booster RF deflector

Undulator

EMSY1 EMSY2 EMSY3
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Scintillator screens (Beam position and beam size)

Gun Booster RF deflector

Undulator

Beam on YAG 

screen
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Overview of the PITZ beam line

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Gun Booster RF deflector

Undulator

Momentum distribution

(dispersive section)
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Measurements of momentum and momentum spread

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Observation

screen

zp

B
αB


1zp

12 zz pp 
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Transversely deflecting structure (TDS)

Mapping longitudinal to vertical coordinate

• Bunch profile

• Longitudinal phase space

• Time-resolved transverse phase space

• Slice emittance

Properties

• European XFEL prototype

• 3 GHz (S band)

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

[1]

TDS

L

screen

bunch
slice

z

slice

ϴ

yrms

[1] D. Malyutin, Ph.D. thesis, Universität Hamburg, (2014)
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Photocathode development

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025



Page 36

Photoemission

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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Dark current

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Dark current

▪ Unwanted electrons emitted without laser trigger

▪ Main cause: Field emission from high surface fields 

▪ Follow Fowler–Nordheim behavior. J ∝ E2exp(−B/E​)

▪ Impact on Beam Quality

➢ Adds uncontrolled background charge.

➢ Increases beam halo and emittance.

➢ Can degrade energy spread measurements

▪ Risks: Radiation damage, heating of components 

▪ Diagnostics – Detected using Faraday cups, BPM background, radiation 

monitors, or dark-current spectrometers

▪ Mitigation

➢ Improve cathode and surface finish (polishing, coating)

➢ Reduce peak field where possible

➢ Use collimators and apertures to intercept unwanted electrons.

➢ Conditioning of gun to lower emission sites
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Example from gun conditioning

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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Interlock (IL) system at PITZ

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Undisturbed RF pulse →

→ IL event detected →

→ RF pulse interrupted →

→ Signals after IL event (RF is off)

• The PITZ gun IL system is designed to protect the

accelerator from damage. It quickly stops the LLRF in

case of e.g. sparks, light, RF or vacuum problems

near the accelerating cavities.

• The PITZ IL system reaction time is in the range of a

few microseconds → RF can be stopped within the

RF pulse

• IL system collects signals from all IL devices and

produces a common IL signal which stops the RF

power.



High brightness electron sources and 

their applications

1. THz FEL
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PITZ
Applications

< 7MeV/c < 22MeV/c

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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Motivation

Exploration of matter

• Length scale → ~ Angstrom

• Time scale → ~ femtosecond

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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Quantum laser

• Excitation: External energy moves electrons from ground to excited states

• Metastable state: Electrons drop to a long-lived energy level → population inversion

• Stimulated emission: Incoming light triggers electrons to emit identical photons → light amplification

• Works with bound electrons in atoms/molecules

• Requires a gain medium and optical cavity

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Principle

Short life time of inner 

electrons

Larger energy 

required to excite 

them

FEL differs because it uses free electrons in a magnetic undulator instead
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Free-electron laser performance

Transverse emittance

• Volume in transverse phase space

FEL process on fraction of bunch 

• Slice emittance important

• Slice matching determines projected emittance

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Emittance criterion: 
𝜖

𝛽𝛾
≤

𝜆rad

4𝜋

Beam phase 

space emittance

Radiation phase 

space volume

[1]

[1] P. Schmüser et al., Free-Electron Lasers in the 

Ultraviolet and X-Ray Regime, Springer (2014)

𝑥′

𝑥

𝑥′

𝑥

𝑥′

𝑥

𝐹 = 𝜋𝜖

𝑥2

𝑥′2 𝑥𝑥′

Projected ellipse

Slice ellipse

𝜖 = βγ 𝑥2 𝑥′2 − 𝑥𝑥′ 2
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Light sources

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

single arc → wide spectrum → IR → X-ray

(depends on γ, R)

many arcs → more flux, still broadband → IR →

X-ray

coherent interference → narrow lines.

undulator + feedback → laser-like beam→ UV →

hard X-ray
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Motivation
A method for time resolved measurements

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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THz Free Electron Laser

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

E-XFEL p-p 

laser

Laser based THz sources are limited at high repetition 

rate, while most IR/THz driven dynamics needs pulse 

energy above 1 μJ.

1,3,5,6 - Optical rectification 
[1]

2 - Photoconductive antenna 
[1]

4 - Two-color Laser filamentation 
[2]

7 - CTR (LCLS/FACET) 
[3]

8 - UR (FLASH) 
[4]

9 - UR (TELBE) 
[5]

[1] B. Green, et al, Sci.Rep.V. 6, Article number: 22256 (2016)

[2] M. Gensch, Proceedings of FEL 2013, 474 (2013)

[3] T. I. Oh et al 2013 New J. Phys. 15 075002

[4] https://flash.desy.de/

[5] https://www.hzdr.de/db/Cms?pOid=34100&pNid=2609&pLang=en 
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Free Electron Laser
Basic principles

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

𝝀𝒓𝒂𝒅 =
𝝀𝒖
𝟐𝜸𝟐

𝟏 +
𝑲𝟐

𝟐

In a free-electron laser (FEL), the magnetic field of the undulator magnet 

causes the electrons to oscillate transversely and at resonant wavelength lrad

These oscillations induce micro-bunching on a scale of lrad, which causes 

electrons within the micro-bunch to radiate coherently at the resonant 

wavelength.

𝐾 =
𝑒𝐵0𝜆𝑢
2𝜋𝑚𝑐
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Free Electron Laser
Basic principles

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

undulator distance

lo
g

(r
a

d
ia

ti
o

n
 p

o
w

e
r)

The process is referred to as Self-Amplified Spontaneous Emission (SASE).

…starting from the shot noise!
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X-Ray Free Electron Laser (XFEL)
SASE = Self Amplified Spontaneous Emission

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

The European XFEL, SASE-1: lu = 40 mm, E = 17.5 GeV, l=0.1 nm

microbunching

𝝀𝒓𝒂𝒅 =
𝝀𝒖
𝟐𝜸𝟐

𝟏 +
𝑲𝟐

𝟐

E-beam brightness

𝐵 ∝
2𝐼

𝜀𝑥𝜀𝑦



Page 51

Proof-of-principle experiment on THz SASE FEL at PITZ
Using LCLS-I undulators (available on loan from SLAC)

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Properties Details

Type planar hybrid (NdFeB)

K-value 3.585 (3.49)

Support diameter / length 30 cm / 3.4 m

Vacuum chamber size 11 mm x 5 mm

Period length 30 mm

Periods / a module 113 periods

Some Properties of the LCLS-I undulator

lrad~100mm → ~17MeV/c

Main challenges:

• Space charge effect  

• Strong undulator (vertical) focusing + horizontal gradient

• “Full physics” might have to be considered

• Waveguide effect

• Wakefields: geometric and conductive wall effects

vacuum 
chamber 
border

Reference particle trajectories in the undulator with horizontal gradient

PITZ+ LCLS-I Undulator

W

W
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PITZ upgrade for the proof-of-principle experiment on THz source

Design and technical Implementation

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

09.03.2023 

Main tunnel Tunnel annex

Chicane bunch compressor

(4 HERA corrector dipoles)
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THz SASE FEL at PITZ
First Lasing on 09.08.2022

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Pyroelectric detector

Pyrodetector signal at HIGH3.Scr2 (09.08.2022)

1st Lasing: 1nC, 17MeV/c

NB: SASE=start from noise
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Band-pass filter

BPF3.0-24

l0~102mm; dl~12mm

<f>~3THz

THz SASE FEL at PITZ: THz diagnostics setup

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Startup: pyroelectric detectors with collector cones

HIGH3.Scr2 mirror HIGH3.Scr3 mirror

Light 
collector

Pyroelectric
detector

radiation

Electron 

beam

Undulator

Short (kicker) coils

Pyroelectric detector THz10

In-vacuum 

mirror

Diamond 20mm viewport

Simplified layout of the gain curve measurement setup

0.45m ~1m

High3.Scr2 High3.Scr3

Estimated transmission 49% 63%
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THz SASE FEL at PITZ: Gain Curves
First Lasing Characterization

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

• Gain curves at 1nC, 2nC and 3nC for HIGH3.Scr2:

• in-vacuum mirror with hole

• No band-pass filter (BPF)

• Lasing at ~100mm  ➔ high gain THz SASE FEL at PITZ!

Gain curves
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THz SASE FEL at PITZ
Electron beam matching (2nC) for lasing

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

simulated simulated

measured

simulated

measured

simulated

Measured beam 

current profile

~photocathode laser pulse

Gaussian,

7-8ps FWHM
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SASE Gain Curves at High3.Scr3 with BPF
In-vacuum mirror without hole + 3THz Band-pass filter

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

Bunch 

charge

1st lasing, 

no BPF

Tuning, 

BPF

1nC 0.36 uJ (32%) 6.12uJ (13%)

2nC 0.55uJ (52%) 21.44uJ (10%)

3nC* 2.26uJ (78%) 29.67uJ (19%)

* Not fully optimized

NB: 

• Calculations for the BPF (l0~102mm) 

→ <Pz>~16.5MeV

• Experimentally  → <Pz>~17MeV/c

Optimization progress
<pulse energy> (fluctuations)

High3.Scr2         vs         High3.Scr3
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Correlation beam@Disp4.Scr1 and pyro signals observed
Microbunching observation

Beam energy

THz radiation: 

pyrodetectors:

HIGH3.Scr2

HIGH3.Scr3

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

HIGH3.Scr3 mirrorHIGH3.Scr2 mirror

radiation

HIGH3.Scr2
HIGH3.Scr3

Screen at dispersive section Disp4.Scr1
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Disp4.Scr1
(After-)Lasing beam in horizontal dispersive arm

Microbunching?

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025
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FLASH

• FLASH is a free-electron laser 

(FEL) facility at DESY that 

produces ultra-short and 

intense XUV and soft X-ray 

pulses. The photon energy at 

FLASH ranges from 14 to 370 

eV depending on the 

wavelength and the beamline
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European XFEL

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025

The European XFEL reached a world record photon 
energy of 25 keV in 2020, corresponding to a 
wavelength of 0.5 Angstroms. The facility can operate 
at photon energies from 0.25 to 25 keV



High brightness electron source 

applications

2. Flashlab at PITZ
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Dose: absorption of one joule of radiation energy per kilogram of matter

Dose rate: A dose rate is quantity of radiation absorbed or delivered per unit time (µGy/h)
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Definition of relevant beam parameters
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First radiation experiments at PITZ
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Summary

• History

• Motivation

• Emittance

• Facility Overview

• Conditioning

• THz FEL at PITZ

• FLASHLab at PITZ

| PITZ overview | Sumaira Zeeshan | 21 Aug, 2025



Thank you



Contact

Deutsches 

Elektronen-Synchrotron

www.desy.de

Sumaira Zeeshan

PITZ group

Sumaira.zeeshan@desy.de 

+49 33762/7-7494


