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Outline

FORTRESS

stable & flexible

High  rep-rate  

UED and imaging

~5-fs 

temporal control
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New beamline for bright beams research

High resolution 

spectrometer

Beam study

Liquid/gas 

phase chamber

Gun and 

load -lock

FORTRESS 
Facility of Relativistic Time -Resolved 

Electron Sources and Scattering

Gun

ÅSources and c athodes

ÅLow emittance

Åfs bunch and timing

ÅAdvanced diagnostics

ÅUED/UEM

ÅTraining students

Solid state 

chamber
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Construction of FORTRESS

Zhiyuan Wang

1st yr grad.

Peng Lv

2nd yr grad.
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Key components  for  high  stability  

Ç Solid state modulator 

- HV shot-to-shot fluctuation <20 ppm, with 

drift feedback for long-term stability 

± 0.3%

- Best  shot -to-shot  stability  measured  13 ppm 

(10,000 shots)

- Routinely under 20 ppm for many hours  



High resolution spectrometer

rf amp. setting

Nominal

Ȣ

Ȣ

Ȣ

Ȣ

Spectrometer  images
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e- beam

ÅDispersion Ὀ πȢψωά

ÅBeam centroid ~ 10 ‘m

Å~10-5 energy resolution
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Energy stability

Energy stability Ȣ rms 

P. Lv et al., submitted

rf amp. stability ͯ rms 

(limited by electronics readout) 

rf phase jitter Ṃ fs rms 
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Outline

High  rep-rate  

UED and imaging

~5-fs 

temporal control

FORTRESS

stable & flexible
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Temporal resolution and challenges

Å◄: when laser hits cathode 

and sample (w/ fixed delay)

ÅTOF: time of flight of e-

from cathode to sample

ÅⱲ4/&: due to RF amp. and 

RF phase-laser jitter

pump 

laser
cathode 

laser

e- bunch



11

RF or THz compression

ÅBunch head has higher energy

ÅUse an active RF or THz to reverse the chirp

ÅBunch duration compresses during drift 

Åwell-known óvelocity bunchingô scheme

ÅSub-10 fs bunch achieved

ÅBut ⱲTOFremain >10s of fs 

ÅTHz intrinsically sync w/ laser

Å10s of fs Ⱳeand ⱲTOF
ÅLimited by small structure size, trans.-longi. coupling, 

THz waveforms, demand on laser etc.

Maxson et al., PRL 118, 154802 (2017) Snively et al., PRL 124, 054801 (2020)

Zhao et al., PRL 124, 054802 (2020)
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DBA/TBA compression

ÅNo need to reverse the chirp using RF/THz

ÅIntroduce DBA/TBA, common transport units, 

with  R56 of opposite sign of drift sections

ÅStabilize TOF and compress Ⱳe

Kim et al., Nat. Photon. 14, 245 (2020)

Qi et al., PRL 124, 134803 (2020)Hounsell et al., IPACô25, TUPM021(2025)Xu & England, arXiv:2408.00936

ÅBest measured combined precision 15-25 fs rms

ÅTBA design w/ tunability to break the 10-fs barrier  
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Criteria and challenges for temporal control

Å‏‎inevitable, try make R56ᴼ0

ÅRF phase -to-laser jitter still 

causes TOF jitter

ÅRotate LPS w/o affecting 

centroid TOF (no óactiveô EM 

fields)

Fix cathode -target TOF Compress bunch duration

pump 

laser

cathode 

laser

e- bunch

ÅSimultaneous sync. & comp.

ÅPreserve beam brightness 

Simple, reliable, clear
Ὑ

ᾀ‏

ὴȾὴ‏
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a new method for few -fs control

High -gradient ♪-magnetLow -jitter photoinjector
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Low -jitter photoinjector

Large 

TOF 

jitter

Large 

energy 

jitter
ÅЎRF amp. 

Ўmomentum

ЎTOF

ÅMuch less impact from Ў‰

Conventional  gun (1.6  cell) New geometry (1.4 cell)

R56



SSRL injector
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What is  an ♪-magnet?

Top view Side view

Harald  Enge, proposed in 1963 Michael Borlandôs 

PhD Thesis, 1991

GPT tracking results

‌ τπȢχρЈ
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♪-magnet and DBA/TBA comparison

No. of elements 1 5-10+

R56 tunability Yes DBA no, TBA yes

T566 -R56/4, low few cm
~m w/o pole face or 

sextupole

Path length 0.1-0.2 m meter scale

Beam energy <few MeV Very broad
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♪-magnet  put into new use

Drift  section 

♪-magnet

Need ▌ ἢȾἵ for  TOF stabilization

(~ 4 cm for

and ╛ m)

ÅDesigned and 

constructed to 

15 T/m, versus 

previous typical 

~5 T/m or lower 

level 

ÅAllow straight 

trajectory from 

another gun

(~ -7 cm for

and ▌ T/m)
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7e-11/2e-10 Torr
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THz streaking

ÅStrong linearly polarized THz 

generated by and intrinsically 

synchronized with ultrafast lasers

ÅMap temporal distribution into 

transverse profile

ÅMeasure bunch duration and 

relative -to-laser timing jitter 

Laser-generated 

THz pulse 

R. K. Li et al., PRAB 22, 012803 (2019)

TOF resolution Bunch duration resolution

pointingjitter

streakingstrength

when beam size differ from 

unstreaked beam size by σ„

0.51 fs rms 2.55 fs rms
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TOF control and measurement

ÅIncrease ‌-magnet gradient, tune 

Ὑ toward 0 from negatives

ÅTunability, high-gradient is needed  

TOF levels off at around 4 fs rms for 

╡◄▫◄ cm or ▌ ͯ T/m 

Å~fs contributions from vibrations 
of optics and laser pointing, 

including THz waveforms

ÅὙ ρȢφχcm and ςȢφ

ρπ contributes 1.4 fs rms

ÅὨὛ ὧά ωȢφ‎‍ȾὫὧά

by 10 ppm magnetic field 
variation yields 2.6 fs rms

ὙTOF
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Phase space evolution

Courtesy of Yining Yang
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Compression and chirp control

ÅFirst optimize TOF, which fixes ‌-magnet

slit

Precise phase -space selection

ÅThen tune electron bunch charge density 

to control the bunch chirp Ὤַײ, so that 


