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DEOS: A New Scheme for Recording Electron Bunch Shapes With High Resolution
and Record Recording Length - Principle and Tests at EUXFEL

E. Roussel', C. Szwaj', C. Evain*, B. Steffen?, C. Gerth?, B. Jalali®, S. Bielawski* r \ ( |
(1) PhLAM Lab., Lille University (France) serge.bielawski@univ-lille.fr (1) Theory & New approach in Fourier space (3) Table-top test of DEOS using a known THz source
(2) DESY, Hamburg (Germany) Question: is it possible to calculate transfer function(s) "ot 500
. . . 3 3 mJ/1 KHz
(3) UCLA, Los Angeles (USA) between the input field and the measured EO signal? @) Tad,-ustable LY m
delay \T E
general conceptual idea (1998) . . - requires non-trivial analytical work... o T Stlicon plate Camera&dg
| Answe I YeS . ) -> but gives extremely simple formula rating | awe | | owpHwe \ g
chirped pulse THz-speed electric field Idea: same shape on the laser spectrum Input Hy(9) = ho cos BR? | stretcher | A==+ oam / o
-> duration tw Question: is this right ? l Hx(Q) = —ho cos BQ?, J e o Wolsston grating
(defines the analysis —J\/\‘— \ . classic orientations | 1 o | [T ' -y
WindOW) be/ase, o::iszzrion o for Xtal, QWP, atc with B = oTe and C = e laser chirp unmodulated reference
’\ (T time | Pockels crystal Fm A e — Measured EO signals
»l and polarization >l A izing 0.1 ) 015 | (@ ﬂ\ o810
fs laser O optical optics wavelength . = o MRC retrieval | g2
pulse Sicpersi , (05 Gap ar 2o \%t far functi : S 00- . 5 22
. persion : , single-shot ransfer functions £ -... algorithm £ 0104 55 00
->duration tL electro-optical modulation , 9 ” orthe t fout S ooabe™ N £ 40 T, < = & oo
(typ <100 fs) th|ca| spectrum ana|yzer outpud O TNE TWO OUTPUTLS :_:“‘ 0.1 e % 0 1 3
[Jlang and Zhang, Appl. Phys. Lett. 72, 1945 (1998)] = diffraction grating + camera e 10 20 T A » g 0051 frequency(THz)
Accelerator domain: FELIX [PRL, 85, 3404 2000] e O o 00 0 a0 s s 700 s 0.1 ()] e :
A‘ ““““““ = - - ““ E 00_ I= OOO_
Extensive studies and developments at FELIX, SLS, DESY, KARA, Daresbury, PnLAM, SOLEIL... , , “ nput frequency ‘-._Q/m o W e s cata
¢ — —— . \ (i) same transfer functions on the two ouputs | Iy s Uit
Major issue: temporal resolution (i) known since 1998 (i) ZEROS at particular freQUENCIES s A ComE o L T
(1) strong limitation for bunch shape measurements | | | | |
First conclusion from this new point of view?
Example (simulation): laser tL=40 fs analysis window tw=10ps * We explain these deformations :
. . . (4) Experiments at Eu-XFEL
it SEEMS IMPOSSIBLE to retrieve the input from the output
long™ bunch 2 ps FWHM) short" bunch (500 fs FWHM) in those "classic" setups, since spectral INFORMATION IS LOST
o 0.08- bunch T 0.08 7 bunch CIOCHrONBUNN || B 005 M Megsured EO signals
£ 406 - ?E?ﬁipfd) £ 06 shape (2) Main poster theoretical result: £ ATy GoP crystal < 0.00 f |
© e © : TR F ' ' . TH . - TR | : S .-
o 2 (E field) possibility to retrieve the input using "information diversity 4 o 005
2 0.04 - 2 0.04 - , , _ , _ | QWPHWP  PBSzeseesseee. Ty 010 MRC ¢ algorithm 1o
o v Key point: For other optics orientations the transfer functions || .. NI OB b i )/ I bt
=2 0.02 - > 0.02 - L i HWP /gratmgg © 0.101 Bunch near-field [°°® <
o o can be DIFFERENT on the two outputs (and with interleaved zeros) R g : i~ 0.05- (retrieved) _ [°3 2
= 0.00 = 0.00 . Jaserpuise photodiode array detectort & 0.00 - <
) | | | ) I I I erimessmsssssssieassnannnnnnnns d —0.05 3w
—2 0 2 -2 0 / 2 - e”COd'”g"ftheTst'gna'O”toad"rpeo"aserE‘:'tseu't";s':i':j‘v‘l’:h ..... “‘_ S%ueac'tirggygggfiy;ae'r divegair;yéfgg})'ed high resolution single-shot shecirometer ) 2 .4 6 8
0.04 - 0.02 - (@) polzla?’iszear;cion Mﬂﬁdeéfﬁﬁiiérzgéd infOIPmatilgn diversity (05A) reconstruction Ofstig?]-arle - time (pﬁs)
04 Tmeasured measured (M) \| -
' : chir . -
— 0.02 {EO signal — 0.01- EO signal DuiseSe rﬁ\g]\(\({ | j\ ) Bunch shape wakgﬁeld
- - Blende QWP HWP pgs wavelength ' g v b st #1 ur - :
2 500 - 2 500- Pockels crystal N 9 time (e) urst # (6 burich #200 (measured
2 OK z e 0TS G 0T B2AS) N NG cquivalent duration: 218 fs)
0 —0.02 - e 0 _0.01 - @deg. @25 deg. nPETE = B o :
N Ot O K wrt horizontal wrt horizontal - o8 e/ :
Q . s Q ¢
—0.04 - —0.02 - -0300-&0.0 9/ 00
| | | ' | | | Step 1: OSA data preprocessing Step 2: use frequency domain transfer _ _ - =t gr’ (")
_ (background subtraction functions between input signal and OSA Step3: deduce the input THz signal 2 } ‘ —
2 0 2 —2 0 2 and normalisation) data for inverting the problem in Fourier space C o1 burst 2] F :; 100 - (9)
time (ps) time (ps) - ~ S 7| /3 150 g c J’//\/
2z wavelength (nm) , _ C 100 {5 - —
. - . . | -f_,—D 1O|3O 10‘40 10‘50 frequency domain transfer functions .8 / B 4_-) O-F
strong deformations when "input duration is too short S5 02{ /\/ B ANV e actval 04 % mof == " o0{p, . S oo
: : oy T 10- < " inputfield| < 3001{[}o0 00 = = 0 50 100 150 200 250 300
-> resolution usually defined as: = 5 001 / \fvw 2 0 i 023 [L & ) bunch number
< 2o L, o o
~~ , o £-0.21 oy 2 g time (ps) time (ps)
TR~ VTL X Ty O e S s e s AL 1
% Equivalent input time (ps) Input signal frequency /o2 n(THz) Input time (ps) (
\Z / . _
* Main conclusion: DEQOS allows bunch shapes to be measured
( ) . .
laser duration  analysis window Considerable temporal-resolution improvement - over fong observation windows
(COmpressed) Chirped |aser pu'se -> Now ||m|ted by Iaser duration :') B WIthOUt.trade-_Oﬂ: on reS.OIUt_Ion o . _
duration (or Xtal or spectrometer, whichever one dominates) and requires minor modfication of existing diagnostics
See detalils in: https://arxiv.org/abs/2002.03782
( TR %ﬁ Toi See also:. | | |
Example: 100 fs laser, 10 ps analysis window -> only 1 ps resolution !! - Phase diversity concepts in the time-stretch method
. :.> In shprt; (i) the resolution |.s >> laser pulse quat|on J Main points of the MRC retrieval algorithm [Han & Jalali llEEE traps. Microw. Th. & Tech. 53, 1404 (2005)]
(i) the issue is worse when long windows of analysis are needed | . | | | . - Electro-optic sampling at Eu-XFEL
Transfer functions Find the unknown input Xg, using Maximum Ratio Com-
B bining (MRC): [B Steffen et al., RSI 91, 045123 (2020)]
See: Sun, F,, Jiang, Z. & Zhang, X.-C. Analysis of terahertz pulse measurement with a chirped Hi(Q) = V2 cos [ BO? + ’_‘>
probe beam. Applied Physics Letters 73, 2233 (1998) o 4 Xp = V1 + HoY (2) : -
- ’ - () = —v3 (B()‘) ,r> R= THiR + [Ha]? Fundings: CPER P4S, CEMPI, ULTRASYNC ANR-DFG project,
2(82) = —V 2 oS 15— — :
Note: sometimes coined the term "Fourier limit" 4 Note: frequency space: Xgp = Xg(2), etc. CNRS METEOR MOMENTUM project
Y1(£2) and Y52(€2): measured EO signals
\ J \ J \




