THz at PITZ Commissioning

28.07.2022 — THz @ PITZ Beamline

M. Krasilnikov for the THz@PITZ team
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Components

PITZ Beamline
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PITZ Beamline Components
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CORRECTION COIL IN UNDULATOR

To compensate the impact of the horizontal undulator field gradient

mT

Coil design

Simulated field profiles
P T using CST EM Studio

0.3
0.25 ¢
02} Permanent magnet, p=1
010 Vacoflux, u=1000
0.1} y
0.05 |
) 3.
-1.9 -1.8 -1.7 -0.05 0 0.05 z,m ‘e&’i\,(\e
0.2 . . .. : : :
2 ois Reference particle trajectories in the undulator with horizontal gradient
g 01 —By(mT) vs. x 10
oot [ LTI e p———Y vacuum
2 005 —By(mT)vsy e O " chamber
L S R N\, N e N S A SOk o
g £
g ° —Bx(uT)vs.y ~ 10 —no correction border
-0.05 3 __with initial |
vV 220 with initial angle _
01 20 10 0 10 20 30 —with correction coil—+max[B{(0,0,2)| ~ 0.279 mT
transverse coordinate (x ory), mm -30
0 0.5 1 15 2 2.5 3 z, m
DESY. | Mikhail Krasilnikov, Modeling the magnetic field of the LCLS-I undulator for THz@PITZ | THPAB049, IPAC2021 Page 4



THZ SASE FEL Sl

MULATIONS

. FeemsEmmEmEmEmEmEmEmmm——————=
Electron bunch: Simulated THz energy - e |
e <P >=17 MeV/c THZ SASE FEL : The output THz pulse 1
z of the SASE FEL pulse I energy ~0.6 mJ is !
° = = ! recovered
Q=4 nC " <hrag>=100 pm o0 along the undulator I E
* Temporal flattop ~22 ps FWHM 0 U-gradient Zamoms
——U-grad., norm.inj. . \:*~~~
Case studies: E 107 | —U-grad.,initangle .: il B :
. . . . . . . = —U-grad., coil ] I Transverse distribution of
* simulation with a 3D field map with horizontal gradient and 5 9rac, Someo |1 Thz power densiy at the i
without/with compensation coil 3107 g | outputofthe undulator
@ B I I 5
Reference case: 3 : ,' L %E
o o . . N . . N _ 4 [ 15, 28
» simulation with a 3D field map without a horizontal gradient | % 10°: Do : = 2
/ 1 I 1 - o
1 " : 1 0H)
Reference particle Beam rms sizes along P Lo E | TR 2. R A !
i i i the undulator 10 L !
horizontal trajectories 1.6 0.4 0 0.5 1 1.5 2 125 31 35 2zm
—Xrms (no U-gradient) s !
0.8 1.4 | |—Xrms (U-gradient + corr.coil) 0.3 ! ! ! Vacuum
= Yrms (no U-gradient) e Trajectories in the undulator,lwithll horizontal:gradient chamber
E 0.3 Eh1'2 —Yrms (U-gradient + corr.coil)[ £ 10 . e ' border
L)) 1. 1
/>\<'-0.2 é} 1 g c 0 W W
v < > £ 10 : Pl
07 —<x> (no U-gradient) 08 0.1 8 - —no Co.rr.e,cnon
—x (U-gradient + corr.coil) V20 — withinitial angle
12 06 0 20 —with correction coil
Z, m
0 05 1 15 2 25 3 0 05 1 15 2 25 3 35 zm o 05 1 L5 5 as 3 . m
DESY. | Mikhail Krasilnikov, Modeling the magnetic field of the LCLS-I undulator for THz@PITZ | THPAB049, IPAC2021 Page 5
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Specification of the pyroelectric detector

THZ 10 Absorption behaviour
TH Z 2 0 Absorption vs. wavelength/ metallic Absorber

THZ 30
* Pyroelectric Detectors for THz-Radiation o8 ' THz - Detector as Joulemeters

/
Sensor- und Lasertechnik |/Z g 0 \" in combination with voltage preamplifier VST
5 S ghen, WAPLN P PR e W Wy W
S 04 T
-
Fulse length 100 ms, 200 ms and 400 ms
02 For many application the pyroelectric :
A sensors can be used directly in
100 200 300 400 300 combination with an oscilloscope ( Ri= ¢
wavelength / pm 1 MQ). I

For these conditions the parameters

=
. ) . . min. detectable energy and the max. =
The blue triangle marks the calibration wavelength (PTB Berlin) . - Sneey - £, +|C_pulse energy
rep. rate) are limited. In combination @ —<
with a preamplifier these parameters =
. L. B ! | T
Nommalized Sensitivity for a metallic THz Absorber can be extended. /(-—-.____‘_""—-—-—-...__
. R o
Some typical parameters for detectors
= without preamplifier are summarized ] L L il
& in the following list: time [s]
'._"; 12
é Sensitivity /V/) Min. detect. energy /j Max. rep. rate
g ! V o PR
= THz 10 >500 0.5 30
=
2 o
g THz 20 >200 1 25
Manual .
' THz 30 >20 2 20
July 2016 30 280 30

wavelength [ pm
Normalized sensitivity vs. wavelength (reference sensitivity at 300 pm)

SLT Sensor- und Lasertechnik GmbH e Freiheitstr. 124-126 « 15745 Wildau « Germany
Tel.: +49 3375-5257201 « Fax: +49 3375-5257203
www.pyrosensor.de ¢ e-mail: service@pyrosensor.de

Currently: amplifier=1000
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Pyroelectric Detectors at THz@PITZ 26.07 2022+

Evolution

23.07.2022 25.07.2022

23.07.2022 01:03P. B lectric detector installed with tape

100 100um
90 K=3.49
so ] 16.665MeV/c
beam exit ] ]
— = T0q-—— L
— T S 6ol 95.5um
3 gr— N @T incoming Beam § 50- K=3.49 . NO BPF
;B' % Mirrar surface g ] 17.05MeV/c
Z. o B ] ‘ « BNC->SMA cable
/ 30
- wr 4
S 7 3511 221
axma) ||| 2xgs ol B bt !
o 0 -1+ T — ——T————————7—

T T ——
60 80 100 120 140 160 1€

#19.05
DES:. L‘_'l

Mesh Filter 100 pm Ne14 Wavelength (um)
TYDEX, LLC. Bruker Vertex 70
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Installation of pyroelectric detectors




Undulator to

208 |
DESY. - "

HIGH3.Scr2 transition

Undulator vacuum
chamber

11mm x 5 mm )

—
A

<

i

j
i
i
¥

=




Pyro-signals starting 26.07.2022

Measure 1 2:: X F3-ampl(C3) Pd:rise(Z1)
value 2 36.3 36.3 mV 73.06776 us
status C X A
R ] O T ) Timebase -92 psfTrigger IS0 158
50.0 mV/div 50.0 mW/div 50.0 mV!di | 200 ps/div Normal 140V
13550 mv 83.00 mVv' 24.00 mV | 1MS 500 MSfs Edge Positive

DESY. - A8 MV |--- 4475 mV - BB5mV
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THz @ PITZ BL commissioning b o

PITZ :
< uropean
XFEL

gau Signal from the pyrodetector (40pulses)

---------

_ _ o - 100pC beam
Operation/THz beamline commissioning: at HIGH3.Scr2
« 100pC, 17MeV/c beam transport:

- after the undulator
« through the undulator on 21.07.2022N! :
THz pyroelectric detector (THz10-3451-2 with bandpass filter BPF3.0-24)
installed on top of HIGH3.Scr2 (using in-vacuum mirror with a hole)

First pyrodetector signal from the undulator detected on Saturday,
23.07.2022N with 100pC (M4-M5)

—2.l.‘—1‘.l.0.|‘|1|‘|‘-2
X (mm)
500pC beam transport (M6):
« through the undulator

Joms = 0.58 mm, Y = 0.20  THIGH3.Scr3
and the mirror hole at HIGH3.Scr2 till HIGH3.Scr3 on 24.07.2022M! . HIGH3.Scrz 3 - ’

« Signal from the pyrodetector detected 1@ ‘ e o o
 Discussions with HH-FEL-experts are ongoing ? ' - afterundulator ]
* Next steps: L B

Xrms = 0.83 mm, Yrms = 0.08 mm

—
T

bt

v
y(lclslln)

T
| o M S| [ T - 1

Xrms = 1.17 mm, Yrms = 0.77 mm
4 T T T
Xrms = 0.58 mm, Yrms = 0.20 mm
HIGH3.Scrl 2

v
ceep

(mm)

|
%]
|

Pyrodetector - designed mounting, remove the filter + other stations
Operation: 1nC (M7, ongoing), 2nC transport + THz radiation

Sial th o\ rodetectr 40pulses

Pyro-signal<0 due to the
capacitance effect (dielectric
frame of the BPF)?

DESY

Page 12



Pyro-signals starting 26.07.2022

No signals from
other pyrodetectors

. z 1 3 = 5 — Y
not out Predefing positions: L . e —— ”/—1 t

Blueprint W
YAG

. / H = S i
T Verical = ++ Timeh: I Trigger B Display =& Curs El Measure \& Math = Anal Energy measurement using HIGH3.SCR1(THz10)
P2P = 2.549e-01 +/- 3.246e-03 V (error = 1.27%)
P2P-Avg.Bkg = 2.274e-01 +/- 5.150e-03 V

0.27 | —I
—o—pzP
‘497 P2P-Avg.Bkg

o
n
.}

>
SWITCH ON q; c
= 20.25
8
tamera [enses @
out in_ | }= E
(1~ S0z
lenses expert B
=
o
switeh off | b

# Measurements

W2 1114000

Total P.E. = 3.704e-07 +/- 5.286e-09 J

___________________________ y P T TTTTITS 485 107 NoP=20, Avg. single P.E. = 1.852e-08 +/- 2.643e-10 J
. 3.85 | i : - : : !
—6— (Total pulse energy)
@ o L
38 Q@ @ 5 @
Q
¥ Q@ Q T T ¢ 1
3.75 Ry @ Q
- ¢\ #|3° 1§ P ® ®P i Q T § R/ o
wi & e @ o P o 4
E 37 ; SR\ e o0 & q ¢ 3° ~ O K 5 i &
E o © Q V) M Ao U]
© 365 80| d 3 &9 o ¢ od B
-1.41ms 910 ps 410 ps 5 g 2
IR O e & v
P1:pkpki{C4) P2:ampl(C3) P3.area(C2) Pd:rise(Z1) 36 | & & &
260.4 mV 32.0mV 13.181988072 uWb 478.58 ns
o s
______ - L 1 1 1 |
Timebase -390 psfTrigger 1H) 1Y 3.55 . ) . y
(1] 10 20 30 40 50 60 0 80 90 100
10.0 Vidiv 200 mV/div 100 m\V/div 400 m\/idi 500 psfdiv Normal 14V !
# Measurements

-29.400 V -45.00 mV -131.00 mV 24200 mv } 625 kS 125 M3/s Edge Positve
Number of measurement 100, delay time 0.20 se

DESY. — 1BV ——  205mV — Bmv|-—  117mv| | Data saved to /doocs/measure/THz2022 F‘u\seESi ng Ie P E = 18 52 nJ



. . Predefined Y positions: —
ro-signails startin .
' . id out AXIS_14 READY
pyroz3 — AG out Upper limit: 189.328
o — —
' ) (,”—' _ L oo IN Actual position: 186.928
I - Lower limit: 0.000
2l l,
§ 189.328
Move absolute:
i set to
p 0.100
i A Move relative:
.r g change by
out I i ci o MOVING ERROR
O ralenses | HOME SEARCH
L RESET
~ . L [ _RESET |
Bl File | T Wertical ++ Timeb: I Trigger B Display G B Me e [ Math = Analy: X ltilites @ Support es expert STOP
Energy measurement using HIGH3.SCR2(THz10) =
P2P = 1.776e-01 +/- 3.139e-03 V (error = 1.77%) N

P2P-Avg.Bkg = 1.517e-01 +/- 5.871e-03 V
T T

Weak positive
pyrol due to the
positive image
charge from the
beam?

Signal from scope, V

10 20 30 40 50 60 70 80 90 100
# Measurements

Total P.E. = 2.689e-07 +/- 5.566e-09 J
<107 NoP=20, Avg. single P.E. = 1.345e-08 +/- 2.783e-10 J
T T T

2.85 | : : ,
o _—9—(Tclal pulse energy)
8 | @ @ 4
@
Q o ¢ o Q
275 n R Q ¢ T ? e I L B ¢
¢ @ & o 9d R odl9 @ @ o K

2 o0 @ & & ® b ¢ P

g & @ o &P & & & &l @

5 265 | < G/ @ ] © o ) 2P 1%, d d & o)

'E b‘) (4] @ & v © M Q &

26 ‘& 6 © 2 o
O ]
&
Measure P1:pkpk(C3] P2:ampl(C3) ) “rise
value 88.6 mv 88.60 mV 1308 us [ : 255 & 1
statu v o R h R
Thase 100 ps| Triga 25! . ) - " - . : 1
200Vrdv|  50.0mVidv]  S0.0mVidw  50.0 mVidvi 1.00 ms/div Norm 0 ? 0 0 0 20 60 0 80 90 00
-5.9800 V -20.00 mV' B150mV  -102.50 mV | 1MS 100 MSfs Edge # Measurements
Number of measurement 100, delay time 0.20 sec
DESY o= 662V |-  3BOmV|--- 975mV -— 1BSmV|_ Data saved to idoocs/measure/THz/2022/PulseE /20220726N/THZzPE_0147.mat

1



Pyro-signals starting 26.07.2022

== 1/

\Y
1
|

out

) File 3 Vertical = Timebase I Trigger & Display Cursors Fl Measure @ Math = Analysis X, Utilities @ Support

P1:0kpk(C3) P2:ampl(C3) f P4:nse(Z1)
837 mv 8370 mV 725375 us
X

v
-
50.0 mV/div
-81.50 mV

2.00 Vidiv 50.0 mV/div
-5.9800 V -20.00 mV

50.0 mV/div
-102.50 mV

662V|--- 360mV|-- 975mV ---- 1185mV
DYN RO

DESY

ase -90 ysfTngger
500 ps/div Normal
625kS 125 MS/s Edge

27.3u1.22 02 |

Data

Total P.E, J

Signal from scope, V

Move relative:

Energy measurement using HIGH3.SCR3(THz10)
P2P = 8.786e-02 +/- 5.532e-03 V (error = 6.30%)
) P2P-Avg.Bkg = 5.487¢-02 +/- 8.742¢-03 V
—o—r2p
—O— P2P-Avg.Bkg

# Measurements

Total P.E. = 9.024e-08 +/- 9.099¢-09 J
NoP=20, Avg. single P.E. = 4.512e-09 +/- 4.550e-10 J

40 50
Mei?’;remenls
726N/ THZPE DZYS Mat

YAG out Upper limit:
out
laG Actual position:
Lower limit:

Move absolute:

——

AXIS_14 READY
| 189.328

49.043

y 0.000

189.328

set to J

0.100 —
change by I
MOVING ERROR

HOME SEARCH ]

RESET

|
|
_

—O— (Total pulse energy

451n)



Pyro-signals starting 26.07.2022

— T
AXIS_14 READY

[YAG __out |l upper limit: 189.328

it

‘GAGG - Actual position: | 49.043
Lower limit: [ 0.000 ]
/ 189.328
: Move absolute: —

out > setto
0.100
Move relative: ;

Measure @ Math ) X Suppo Energy measurement using HIGH3.SCR3(THz10)

Energy measurement using HIGH3.SCR1(THz10)

P2P = 4.781e-02 +/- 2.534e-03 V (error = 5.30%)
P2P-Avg.Bkg = 2.063e-02 +/- 4.559e-03 V
T T @

P2P = 1.168e-01 +/- 4.443e-03 V (error = 3.80%)
P2P-Avg.Bkg = 8.496e-02 +/- 6.965e-03 V
. . -

0.055
0.05
O
0.045
= >
g 004 —o—P2p 8
§ - —O— P2P-Avg.Bkg é
35
E E
£ 003 _g
- =
]
_E, 0.025 S,
@ 7]
0.02
............................

0.015

0 10 20 30 40 50 60 70 80 90 100

0 10 20 30 40 50 60 70 80 90 100
# Measurements

# Measurements

Total P.E. = 3.360e-08 +/- 4.127e-09 J

g 210 8 NoP=20, Avg. single P.E. = 1.680e-09 +/- 2.063e-10 J Total P.E. = 1.367-07 +/- 7.308¢-09 J
5 T T T T r T T 7 - 3
I f [—6—(Total pulse energy) 1720 NoP=: 20 Avg. single P.E. = 6.987e-09 +/- 3.654e-10 J
@ (Toial pulse energy)
¥ [ ——
4 o) o) o "y [l |
it s
q & R, el 16
o X
= Q@ &b “la ) o ° o i |
uf @ KR & % ® o ® °Y & ® =15 @
S35 ) & / )

% * o & & ® T 9 uf @ ® o Q o @ Q 5 Q@
- v} @ Q @ U J 5 % X .
. 'S I [ T9e 19 7 [ RIF f ; 71T E @ &% » e\ 9 | <o) ® o Q

& &R 3 d OP 4 o0 g 14 ® | . & @& &o| & G TIPS

3 ®\ & > & § & & 2 ¢ fd ) B | % O L e
& & o \d © & & d o °d & y & &
& o & P & d & 4 &
U
¢ O C3 P3-£2lI80 P 1.3 F a° "“ o & o Jdd
2.5 h 3 P3:fallg020(Z1) ; e 4 y

122314

0 (} . 2() I ei() P E B 70 Hn 90 100 . 4
easu:ﬂ.mell 8 J o S * 1.2
Timebase -90 '
Number of measurement 100, delay umuoaug e 0 10 SO | P 56 99 BJ 90 100
Data saved to /oo THZPE_0241,mat L] Tl - I n e Mee. merTl' n

-102.50 mV 625kS 125M

H Number of measurement 100, delay time 0.20
DESY - 662V |-=-  360mV - 975mV ---- 1185mV i Data saved to /doocs/measure/THz 2022-Puégy:mholzg>h@%m

ROV 22 00l D0 1) 1011}



Pyro-signals starting 26.07.2022

|

B File 8 Vertical e Timebase I Trigger @& Display \# Cursors k) Measure

Measure P1:pkpk(C4) P2:ampl(C3) P3:fall8020(Z1
value 470 mV 2943 mV 209243 ps

C3_ EEElcs |
2.00 Vidiv 50.0 mV/div 50.0 mV/div 50.0 mV/div
-5.9800 V -20.00 mV -81.50 mV -102.50 mV

DESY T 6.62V|--- 360mV -- 975mV ---- 1185mV

Only signal from
pyro3 got smaller.
Signals from pyro1
and 2 were similar
to that when
High3.Scr3 mirror
was inside.

Trigger (8
500 ys/div Normal 1.24
625kS 125MS/s Edge Posif

Page 17



Pyro-signals starting 26.07.2022

not out

Blueprint

Predefined Y positions:

Bl File | T Vertical +=+ Timebase | Trigger E] Measure | & Math XK Utiliti @ Support

Upper limit:

§

1)

SWITCH ON

cameralenses

. s i, lenses expert
i W"N\I\M\n Jl/\fu“\- J uw\/‘v"\w 2 m@m
A T AT i
FAVAA ot ¥
o

Charging
effect from
YAG?

Fy

Meaasure
value

P1:pkpk(C4)
46.6 mV

P2:ampl(C3) P3:falls020(£ 1) Pd-rise(Z1)
35.30 mV .88 ns 16.64779 us
"""" Timebase
50.0 mVidiv 50.0 m\idiv |
-81.50 mV -102.50 mv/ ¢

-90 psfTrigger 1SN 8
500 psfdiv Normal 1.24 W
625 kS 125 MSfs Edge Positive

2.00Vidv
-5.9800 vV

50.0 mV/div
-20.00 mY'

36.0 mV| ----  §75mV --—

1185 mV |

Actual position:

Lower limit:

Move absolute:

Move relative:

HIGH3.SCR2

[AXIS_13 | READY
[ wean
I
[ o000

189.411

sel to ‘

-2.000

change by

MOVING ERROR

HOME SEARCH
RESET
STOP

BREAK ‘

Expert

Page 18




Pyro-signals starting 26.07.2022

—

B File T Wertical | ++ Timebase I Trigger B Display =& Cu El Measure & Math | = Analysis X Utilities @ Suppn;t

Kicked the
beam towards
the vacuum
chamber with | | Sy S S U SUp I PR Sy Sy RSP SR SUPRSUNY (U S,

No beam
detected here

SCC1

Fy

Measure P1:pkpk(C4) P2:ampl(C3) P3:fallB020(Z1) Pd.rise(Z1)
value 472 mV 35.50 mV 267018 us 4.60714 us
v 'JE”””””” i R
; 3 Timebase -90 psfTrigger ESN 1Y
2.00Vidv 50.0 mV//div 50.0 mV/div 50.0 mVidiv | | 500 psfdiv Normal 1.24
-5.9800 v -20.00 mV -81.50 mv -102.50 n'lVE 3 625 kS 125 MS/s Edge Positive

DESY. Page 19

662V --- 3B0mV -—— 975mV ---— 1185 mVE_



Pyro-signals starting 26.07.2022

500pC, 20pulses, pyro2 vs. SCColl# kick
%‘ W

DESY.

E/n)

OO WN=0 H

14

12

z/m

0.5

EN

00
0.56
1.12
1.68
224

2.8
3.36

Energy vs kick coil position

3.336E-10
1.198E-09

2.59E-09
3.397E-09
4.502E-09
1.296E-08

1.5

E/nJd

0

0.3336

z/m

1.198

2.59
3.397
4.502
12.96

2.5

3.5

Page 20



Summary of 27.07.2022N

The waveforms were taken and saved on scope desktop: ending with 000x.csv

1.  Scope output signs:

-High3.Scr1, positive signals with long tail for both YAG (0002) and CTR (0001), measured more with CTR,;

-High3.Scr2, positive signal with long tail for mirror (0003) and negative with long tail for YAG (0004), measured more with mirror;
-High3.Scr3, positive signal with long tail for mirror (0006) and negative with short tail for YAG (0005), measured more with mirror and even
more when High3.Scr2 was empty.

2. Measured the most radiation energy at High3.Scr1, with CTR inserted.

3. For High3.Scr2, the scope output was maximized when the beam passed through the hole, contrary to findings of prev. night shift; when
moving the mirror (even by 10 mm, beam completely gone at High3.Scr3), the signals became weaker but didn't vanish, which was also
unlike prev. night shift. See 02:47.

Could it be that now with the cone, the collection efficiency is higher? Moving the mirror means the focusing from the mirror is not perfect,
but with the help of the collector, radiation could still be measurable?

4. When the mirror was inserted at High3.Scr3, the detector measured more radiation energy if High3.Scr2 was empty.

5. When all three screen stations were empty (electrons went to the dump), still measured something from all three detectors.

DESY Page 21



Discussion

Next steps

» Pyro detector signals interpretation? Grounding (capacitance) / charging problem?

« Tools for trajectory / matching optimization:

« HIGH1.Scr1,2,3 > Full functionality

« BPM - Limited functionality (not precisely calibrated,
the signals are OK)

HIGH2.2T1
|
HIGH2.01
HIGH2.ET.
HIGH2.02
HIGH2.032

HIGH2.8

HIGH3.BPMZ
HIGH3.BPM3

L

HIGHZ2.EPM1
HIGH2.5CR1

« New magnets - Limited functionality:

* All = Tine (not DOOCS) protocol only

* Rotational stages—> very preliminary GUI Wil
* BLMs—> Not available e Imaas LTI 6 b | FESTSSSS—S—S——— |

LCLS

HIGH3.D1

S H|GH3.05
DISP4.D1

Cad

& T cH3.ScR3

|1 I H(CH3.04

" Next « High3.St1-X,Y |
« 1nC (ongoing) ° A * High3.St2-X,Y * Long Corr. Co_lls LCC1,2 -X
. 2nC O « High3.St3-X,Y « Short corr. Coils SCC1,2,3,4,5-X
Elaborate the transport
= 4nc? matrix model for the
« Gain curve(s) undulator section?
« 20-22MeV

* Very new update (27.07.2022A) - MBI photocathode laser problems (booster) - low and unstable pulse energy...
- Pharos 250pC max (BSA=1.5mm)
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