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LEXE New beamline for bright beams research
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High resolution
spectrometer

FORTRESS

Facility of Relativistic Time -Resolved
Electron Sources and Scattering

. V+— Beam study
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ASources and ¢ athodes

Liquid/gas ALow emittance

Phase cnamber Afs bunch and timing
AAdvanced diagnostics

AUED/UEM

Solid state
chamber

ATraining students

Gun and
load -lock







Solid state modulator
- HV shot-to-shot fluctuation <20 ppm, with
drift feedback for long-term stability

|=* Analysis | X Utilites =~ @ Support

10.000e+3 10.000e+3

Pol |11

10.000e+3 10.000e+3

| Trigger ) 1Y)
120 mA/div .00V Seq: 1000 500 ns Mormal 2.00 V
10.92000 A 3 | 125kS 2.5GS/s Edge Neg
1.000 kSeg  1.000 kSeg
256mV --— -106 ==
- 294 mY) - 112
Ay  550mV Ay 660 mA Ay

TELEDYNE LECROY

- Best shot-to-shot stability measured 13 ppm
(10,000 shots)

- Routinely under 20 ppm for many hours
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ADispersion’ 0 1@ X
ABeam centroid ~ 10 * m
A~10° energy resolution

Nominal
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% 4% ;| Energy stability
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Energy stabilty 8 rms

oscillator

(\®)
-

timing
system

- energy stability = 2.3 X 10
REF

energy spread = 4.1 x g

e
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laser ~ LLRF pre-amp. modulator

—
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Relative energy (X 10'4)
-

rf amp. stability rms
(limited by electronics readout) 0 1000 2000 3000 4000

Beam shots

o
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f phase jitter M fsrms
P. Lv et al., submitted
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- Temporal resolution and challenges
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laser laser
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Electron ‘ - )
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A «: when laser hits cathode /

and sample (w/ fixed delay)
ATOF: time of flight of e-  E
f thode t | \ |
rom cathode to sample RF-toolaser . Z
AW | :glue to RF amp. and timing jitter ’
RF phase-laser jitter \ /¢
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EXE r RF or THz compression

Tsinghua University

g R em

.................................. A Bunch duration compresses during drift

A Bunch head has higher energy

A Use an active RF or THz to reverse the chirp

(a) THz source 1 THz source 2

_ : : ‘ OAP \
S-band S-band X-band - F
(a) Glllal':‘l {{720 (b) Li::C/Buncher (C) CCb (d) D:ﬂnector (e) mirA mirror @ @ - ® v -
| 4 ebeam 2 drift 9 drift
" ¥, g o e I
!

£ S,

‘ . L T Mirror X PPWG B Sllt
vaG:ce | ¥ OAP detector
v compressor mirror

z=1.7m z=3.8 m z=5.0 m z=5.7m

| A THz intrinsically sync w/ laser
Awellkk nown 6velocity bu rﬁ\clas'ofrfsg\f%anﬁ WhOeFme

A Sub-10 fs bunch achieved A Limited b I . ongi i
X BUt ormain >10s of fs imited by small structure size, trans.-longi. coupling,
W o 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) 11




EXE | DBA/TBA compression

Tsinghua University

Bucking coil

A No need to reverse the chirp using RF/THz N—
\ijF if j Main solenoid

90° achromatic bend

A Introduce DBA/TBA, common transport units,
with Rcgg of opposite sign of drift sections geraing L. [

A Stabilize TOF and compress V&
A Best measured combined precision 15-25 fs rms

High energy

Low energy

A TBA design w/ tunability to break the 10-fs barrier
Kim et al., Nat. Photon. 14, 245 (2020)

Electron

Key:
B i S1 THz 1
; Diagnostic Detector E Sextupole gun i .
u RF cavity A ogno v Collimator Streaking - — -~ et S A |
. Solenoid g BAM ﬁ Valve I Dipole ' ' + :
(rectangular) I slit
Quadrupole I steerer . Dump OAP : a1 :
(with steerer) L] Faraday Cup o THz station I ;
I ?/ Qs I
,‘ M i EY E T Et I }, Q3 I
| agnetic . I :
.‘" , arc Sarmole > 4 L c A " D2
9 P Projec | =z N Z ¥ Z ! '
Pl conversions chamber ' |
I I
A

'ﬁ I , Condensers ID c

I 7 Bt fiaig min_r @) ) T - A—— X
‘ - : '! P1

Hounsell et al ., | P AC X2 &England) &Xivi2408.009362 5 ) Qietal, PRL 124, 134803 (2020) 12




Criteria and challenges for temporal control

I RF amp. jitter Tres = \/Tgh 6
‘5" RF-to-laser \
timing jitter |
N cathode ol

ASimultaneous sync. & comp.
APreserve beam brightness

Simple, reliable, clear

Fix cathode -target TOF

A1 rinevitable, try make Rgg© O

A RF phase -to-laser jitter still centroid TOF
causes TOF jitter fields)

Compress bunch duration

A Rotate LPS w/o affecting

(n¢

D
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” .~ anew method for few -fs control




Low -jitter photoinjector

Conventional gun (1.6 cell) New geometry (1.4 cell)
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EXE What is an » -magnet?
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Harald Enge, proposed in 1963 Mi chael B¢
PhD Thesis, 1991

THE REVIEW OF SCIENTIFIC INSTRUMENTS . VOLUME 34, NUMBER 4 APRIL 1963

Achromatic Magnetic Mirror for Ion Beams A HIGH-BRIGHTNESS T

Harap A. ENGE MICROWAVE ELECTF

Department of Physics, M husetts Institute of Technology, Cambridge 39, M assachuselts
(Received 12 November 1962; and in final form, 4 February 1963) Michael Borland

Stanford Linear Acceleral

A new type achromatic or nearly achromatic deflecting magnet for ion beams is discussed i in tlns paper 'I‘he L Stanford University, Stanfor

magnetic field in the >y (median) plane is given by B=0 for <0 and B,=Gx" for x>0.T

field through the origin at an angle & with the «x axis, go through a loop of 180°+2«, and 1 \ \
crossing the y axis at the origin or close to the origin. Several cases are studied with the field |
to unity and with deflection angle 270°(90°) or nearly so.

-

SSRL injector

GPT tracking results
T &P

Top view
3y

Z (Cm) 16




) -magnet and DBA/TBA comparison

Tsinghua University

No. of elements 1 5-10+
R tunability Yes DBA no, TBA yes
Teee -Rc6/4, low few cm - Wégxriﬁ:fofzce of
Path length 0.1-0.2m meter scale
Beam energy <few MeV Very broad

17




% 4% )-magnet put into new use
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~ 4 cm for
Drift section RIZM — [, /~2 (
/7 and d m) [ R%gn 4 R5g60
»-magnet R%(cm) = —9.64/73/g(T/m)
(~ -7 cm for Need || N7 for TOF stabilization
and || T/m)
T 0 A ADesigned and

constructed to
15 T/m, versus
previous typical
~5 T/m or lower
level

AAllow straight
trajectory from
another gun

collimator -\'
delay UV laser

18
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EXE r THz streaking
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2.0{(@) A (b1) (b2) (c)
THz Laser-generated ® ‘4,,3:'*' ' .
structure  THz pulse E 4ol 9.27 + 0.27urad/fs 0.2-
o / 011 .
()] 1 x
S 0.0 / 01 3 o
(@) A
detector = }} 0.1-
=101 F
o e o ‘ '
A L P i = | HZ off
2.0 THz off THz on —THz on
R. K. Li et al, PRAB 22, 012803 (2019) 025 00 025 500 0 500500 0 500 0 05 1
- N\ ¥ J Time delay / ps T / (m xT / ©m I/ arb. units

A Strong linearly polarized THz
generated by and intrinsically TOF resolution Bunch duration resolution

synchronized with ultrafast lasers S _ _
pol njtintntger when beam size differ from

AMap temporal c_listribution Into streasKkirreq gt hunstreaked beam size by o,
transverse profile
AMeasure bunch duration and 0.51 fs rms 255 fs rms

relative -to-laser timing jitter 20




TOF control and measurement

TOF levels off at around 4 fs rms for

0
. TOF Yo e D
1] M P 4*|* cmor] x  Tim
LN e
g k\-l-\\ ,I’,f
= 2 X4 A~fs contributions from vibrations
5 RPN g : of optics and laser pointing,
Y T N including THz waveforms
e [ R%HR% 0 ] AY p® ycm and —  C¢H
4 8 10 12 1'4' p 1t contributes 1.4 fs rms
a-magnet gradient / T/m _
AGY(@9d  ufp! TFQw & —
Alncrease| -magnet gradient, tune by 10 ppm magnetic field
variation yields 2.6 fs rms

Y toward O from negatives
ATunability, high-gradient is needed

21




Phase space evolution

Longitudinal phase space

T 0 A
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-2 THz structure =
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X/ m 22




Compression and chirp control

: A AFirst optimize TOF, which fixes| -magnet

AThen tune electron bunch charge density
to control the bunch chirp "Q, so that

slit

collimator !'&
UV laser / o-magne
f olenoid " []‘ _I_ ho (R?G _l_ R%T) — O ]

Precise phase -space selection

0.36 pC 0.43 pC 0.59 pC 0.87 pC 1.45 pC 2.15 pC

4
; : | : 10 umslt

L : 0 ° ;: slit
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