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Progress

* Finished slice emittance program at two laser pulse lengths (8 ps and 6 ps, stretched Pharos)
 THz camera was commissioned and images were taken (vs focusing, SCCs, polarizer)

« THz Michelson interferometer was commissioned, “resonance” was observed but cannot be repeated later,
maybe due to the unstable lasing

« THz DLW program was finished: beam transport and characterization, radiation energy optimized without
DLW because the beam position/distribution fluctuated a lot once the DLW was inserted

« Gun resonance studies finished
 E beams were produced with a rotational slit in the laser beamline

 QE measured at various BSAs and detailed QE map done
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Problems

 Gun and booster ILs (Booster ILs: ~6 times; Booster+gun ILs: ~3 times)

« Tunnel 2 access not working - fixed by GV (caused by access rights issues (caused by HH))
« Gain curve measurements stops with an error: NoP address set for NEPAL - worked later

* MIR script ran very slowly, motor position readback took too long (refreshed every 3s)

* Many spikes observed in the spectrum (FFT of MIR data): alignment or unstable beam

« Beam trajectory changed frequently with DLW inserted

« VC2 camera setting not good, changed by chance by someone?

* Bucking solenoid current was off since about 10:30am Saturday; was switched on at the beginning late shift
« Laser drifted by unknown reason while preparing the slit

« Ran out of SLEM space on afs - Grygorii increased allocation

« HighlQ5 was not degaused but zero from night shift (may be degaussing procedure did this)

« BSA goes to wrong diameter when going in small steps
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WO rkl N g Week 19-20 To set the desired position different

than [0;0] at both axis one needs to

Low section trajectory studies make several iterations.
12.05.2024 06:51 D.Dmytriiev, D.Kalantaryan Goal = [-0.5;-0.5] in Y 12.05.2024 06:53 D.Dmytriiev, D.Kalantaryan Goal = [-0.5;-0.5] in X
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S. Zeeshan

Emittance Measurements May 2024 (week 20)

Planned

. Laser: Gaussian, (6, 8) ps .
»  Slice Emittance & Projected Emittance
+ Solenoid scan for each BSA

« (BSA: 0.9, 1.0, 1.2, 15, 1.6, 1.7) to
observe the two minima’s as per
simulation

Completed

« Laser: Gaussian, (6, 8) ps
»  Slice Emittance & Projected Emittance

. Solenoid scan for each BSA for Slice
Emittance

«  Solenoid scan for Projected Emittance
is done for 6 ps

Results

Gaussian 6ps

*  Min Slice Xemit for 6ps : 0.490 @ 1.1 mm BSA

*  Min Projected Xemit for 6 ps (SES): 0.507 @ 0.9

mm BSA
*  Min Proj XYemit for 6ps (FS)
:0.727 @ 1.0 mm BSA(scaled)
:0.549 @ 1.0 mm BSA(nonscaled)

Gaussian 8.5 ps

*  Min Slice Xemit for 8ps : 0.540 @ 0.9 mm BSA

*  Min Projected Xemit for 6 ps (SES): 0.590 @ 0.9

mm BSA
*  Min Proj XYemit for 6ps (FS)

:0.761 @ 1.0 mm BSA(scale)

:0.600 @ 1.0 mm
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BSA Readback (mm)

Difficulties

. TDs measurement for 6ps settings was missing,
after changing from 8.5ps

. BSA’s readback and effective number calculated
from 4*sqrt(xrms*yrms) is different, (for 8.5ps
data set)

. GunQuads optimization is critical for emittance
measurement as we observed emittance higher
numbers without gun quads (8.5 ps data set)

. Booster Interlock changed/increased the

emittance (8.5 ps, 1.5 BSA)

. Nonscaled Projected emittance from Slice
Emittance tool and fast scan tool are different

Next Steps

. 8.5 ps may be repeated with BSA set as per its
effective value

. Emittance for 10 ps FWHM

. CoreHalo analysis to see the reason of higher
emittance with longer laser pulses
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Summary

LS G: 8.5 ps FWHM: Slice Emittance Tool
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S. Zeeshan

LS G_6ps FWHM: Slice Emittance Tool
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M. Krasilnikov

First images with THz camera

THz: 2nC Gaussian e-beam: Michelson Interferometry, first images with Pyrocam

TD3main.xml PITZ.DIAG/// (on pitz-bkrl.zeuthen.desyde) - O X |

TD3

sketeh |
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M. Krasilnikov

Images with THz camera vs camera position

THz: 2nC Gaussian e-beam: Michelson Interferometry, first images with Pyrocam

TD3main.xml PITZ.DIAG/// (on pitz-bkrl.zeuthen.desyde) - O X |

TD3

emimm e e o g

In-vacuum mirror at TD2 was inserted
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M. Krasilnikov

Images with THz camera vs camera position

THz: 2nC Gaussian e-beam: Michelson Interferometry, first images with Pyrocam

In-vacuum
mirror at
TD2
removed

For gain curve
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M. Krasilnikov

Images with THz camera along gain curve

THz: 2nC Gaussian e-beam: Michelson Interferometry, firstimages with Pyrocam

Gain curve measured at HIGH3.SCR3

Pyrodetector used
for the gain curve

Fluctuation [%:)

Pulse energy [ ]

o I I )
T oo 0.5 1 15 2 25 3 35
i Position w.r.t. undulator entrance [m]

i wiisd B0 ‘doocss measune TH22024 20 24051 SNGanCurya 22 _mal
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Michelson InterFerometer (MIF)

= Beam charge 2.4nC , Signal at High3.Scr2 ~20uJ

=  During shut down pyro placed between M4 and M5 >
measured 5 uJ

= 16.05.2024A installed pyro detector after MIF & optimized M4
and M5 for higher THz transmission to MIF (Bayesian optimizer)

->0.5ud
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[ . |
1
]
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M7 I - '.- ----- M5 BPF :
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_—{T— # Mpasuremants

Polarizer pull out § gamma-fit, M=26.73

I < Rotate...

N. Aftab

DESY

Measured spectrum with MIF, step 0.02, resonant
frequency ~ 3.7*20/26 = 2.8 THz, single spike

Interferogram measurement using the Michaelson Inteferometer at HIGH3.5cr3
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4 3 2 1 0 1 2 3 4 5
Maoving mirror position [mm]
08 Interferogram (clean plot)
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N f
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=
E 0.6
o
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£
Sz
0 B A A | . ] Y l_
il 0.5 1 1.5 2 2.5 3 3.5 4

Frequency [THz] .
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N. Aftab

Interferogram measurement using the Michaelson Inteferometer at HIGH3.Scr3

Michelson InterFerometer (MIF) T
— o Nk - -}--DI(:N‘(O
£ . i
n Added TD2 signal (leaked signal without TD2 mirror inserted) as a reference in the MIF script
a I 1 I I I I
= Measured spectrum with MIF, step 0.015, resonant frequency ~ 3.2¥20/26 = 2.5 THz, multi spikes T g mimer position ] T
Interferegram {normalized plot)
=  16.05.2024N and 17.05.2024M also MIF measurements - 2 to 4 hours and results with many spikes ! o ' ' ' ' ' '
Sos
Inter g using the Michel Intefi at HIGH3.Scr3 f_EU
= - .
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E Maving mirrar position [mm)] Frequency [THz]
£ 0.5 ®
o Bbaa AR UL il il s | z: TD2 mirror - —> Again pyro detector placed between M4
Frequency (Th] in Ref: and M5 at a focused point of alignment
= Improved alignment (prepare MIF as a separate unit) . ) 8 Pharos, NoP=10, Avg. single P.E. = 13.49 +/- 2.59 ) (19.21%)
= Install shutters infront of mirrors to view signal from eacl
18 ; -
= Install THz camera in place of pyro initially, tune to have overlapping profiles (fringes) i .l l i 1| } ! ?
= Insert a parabolic mirror before the pyro to improve the signal strength (focusing) ;-M h l]]ﬁl .l - ! lmll Y 1§ 3
F ) J'II ! X ‘f'l iy
L | |
g 13 ’ U 1 ]l' I| ﬂ]ll :Il_!l l | [ l
g Ry N ol Tl 4
10 ! - 4
1)
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THz DLW program

 Pharos laser 6 ps, bunch charge 1 nC

 Beam prepared without DLW from cathode to undulator, because of fluctuation of beam trajectory (due to the
dipole kick from wake fields?) - checked history with NEPAL laser, looked similar

Continuous measurements

Reference curves
were measured
without DLW

E
=
=
>
e
Qo
>
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y (mm)

DLW program

Xrms = 2.5605 mm, Yrms = 5.4936 mm
Xc = 0.43226 mm, Yc¢ = -2.5268 mm

Energy modulation observed at HEDA1 and density
modulation observed at HEDAZ2 with EMSY?2 slit inserted,
but very unstable due to trajectory issue

15

10

Phase: -45 =

Statistics (Img): 100
Statistics (Bkg): 3

100 200 300 400 500
x o]

THz radiation energy optimized without DLW - ~0.5 uJ

Then measured with coated DLW at Low.Scr3 - 0.1 uJ

pmaan

» 10

kP e = 255 4+ 4)keVic

= (17.537 + 0.014)MeVic

16 165

HEDA1

i7

7.5

18.5

Optimization with DLW insertion not possible

Pulse energy [ ud]

o2t

-:l'l.

Gain curve measured at HIGH3.SCR2
T T T T T

1]

1 1 1 1 1 1
05 i 1.5 2 2.5 | a5
Position w.r.l. undulator entrance [m]

Dtz saved o doocsimeasure’ THe! 202 4/ 202 4051 TGainCurve (246 _ma)

Fluctuation [#&]

Page 15



DLW program

« Beam transport was documented and emittance

at EMSY3 was measured (looked OK)

x' (mrad)
o

DESY

0
X (mm)

4

o
Intensity (arb. unit)

o
3]

y' (mrad)
o

D Ty B Vo By Y By W

EMSY3

n

B

[

RMS size (mm)
(%]

—:

><1[)‘1

1
%)
Intensity (arb. unit)

_2 T
-4

0
y (mm)

Transverse phase spaces

Beam was cut
during image
tlaking

— == ¥ no DLW
—& -y no DLW
——x DLW

——y DLW

3] 10 15 20

Scaled1 emittance (scaling factor ~1.15):

Xemit =9.478 +/- 0.263 mm mrad
Yemit =9.161 +/- 0.191 mm mrad
XYemit =9.318 +/- 0.225 mm mrad
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M. Krasilnikov

Rotational Slit in the laser BL

Laser at VC2 (BSA4mm) E-beam at High1.Scr1 Focused e-beam at High1.Scr1

Laser at VC2 (BSA1.3mm)
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M. Krasilnikov

Rotational Slit in the laser BL

Laser at VC2
1mm slit at 251deg with BSA = 3.5mm

r cotiea bwoge Fockgruad  Vies

1nC e-beam at Highl1.Scrl

Spphcmt 2r wrage Dockpreurd Yen e
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] - ; e L B 5 oy Live Inece Jon e
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Pyl (T T R shbs ol P Y onal de EITE preand b iR L. Wi
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DXBX G TR ey Mheng | CNESNNC L) XU IOIY P Yoce [-C'g) . J L
S < S PR AA £3d ocnd | Inagwec Tim s w Gz dnts wi |
e owre - - ‘ — :
- ! < Bl — ' R T RS T TR Coachr % 1024.23 + /- 3.60(Bkg: 81.05 +/- 3.70) pC.
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o
-
1020 3
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1
14 L L J
1 ) 1) ‘ %0 5 X
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M. Krasilnikov

Rotational Slit in the laser BL

Laser at VC2 Laser at VC?2
_1mm slit at 90deg with BSA = 3.5mm 1mm slit at180deg with BSA = 3.5mm

ok vved oo e s RS Lie ~age Jcwse ¢ emien beog

xRMS=0.199mm XRMS=0.822mm
YRMS=0.827mm YRMS=0.177mm
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Cathode #699.1 (Cs2Te), Pharos laser 6ps

QE map = a “hole” in the center part detected

Laser enemy/NoP, pJ

DESY. | Presentation Title | Name Surname, Date (Edit by "Insert > Header and Footer")

Laser energy/NoP, pJ

QE = 7.49%, Pharos QE = 7.58%, Pharos QE = 7.58%, Unknown
600 00 L 500 800
... BSA0.8mm . BSA0.9mm = BSA 0.95mm =
60
600
400 400
500
500
2 g 2
g&am gaun 400 & 400
300 g
200 200 300
200
200
100 100
100
100
‘om0 e w0 om0 w0 e %0 a0 40 w0 80 10w 120 1w 160 e % B e N =1 g
Laser energy/NoP, pJ Laser energy/NoP, pJ
o QE = 7.69%, Pharos I o QE = 7.85%, Pharos - QE = 7.68%, Unknown
“ BSA1.1mm |« BSA1.3mm 1000 BSA 1.5mm
800 l 1400
00 I 1000
1200
600 l
2 l g % 1000
g =0 )
g g &0 800
00
60
200 i
00 400
200
100 + 200
! 500 1000 1500 2000 2500 3000 ¢ 500 1000 1500 2000 2500 3000 3500 % 1000 2000 4000 5000

QE = 7.61%, Pharos

BSA 1.0mm
500 lI]‘DU 15\‘30 2500
Laser energy/NoP, pJ

date, time BSA (SP) QE | VC2,Xrms | VC2,Yrms | BSAeff
19.05.2024 16:26 0.8 7.49 0.22 0.207 0.854
19.05.2024 10:46 0.95 7.58 0.245 0.23 0.950
19.05.2024 0456 1.5 7.68 0.388 0.377 1.530
18.05.2024 22:53 1.3 7.85 0.34 0.314 1.307
18.05.2024 20:02 1.1 7.69 0.299 0.27 1.137
18.05.2024 1458 1 7.61 0.275 0.248 1.045
18.05.2024 09:35 0.9 7.58 0.264 0.238 1.003
QE vs. BSA
7.9
@
7.8
o\o— 7.7 [ X J (1)
L
07.6 pere 5
75 @ BSA (SP)
' *e © BSAeff
7.4
07 08 09 1 11 12 13 14 15 16

BSA (SP), mm

Cathode#699.1; QE(BSA=0.9mm)=7.58% [20240520M]
3 : : .

Y (mm)

M. Krasilnikov
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M. Krasilnikov

Problems

.
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Gun5 RF studies for the cavity
resonance control - 3



Gun5 Resonance Studies

[ ]
« Guns.1 :
uno.1 resonance.
.
Signal (spectrum) from 10MW reflected power: level and slope
RF2C10MW RF2_EDGE code o GUN code
o error no error
forward  6.85 MW # forward power 5.662 MW oradient
reflected 037w pulsebeg 430 pulseend 592 pulse beg
ey 6.48 MW calc beg 455 calc end 580 reflected power 0.355 MW slope calc beg
puise level 70.0 dBm I power 5.307 MW reflection puise level
amn | 25 Lnexesan| 12 RFENGT ORI | Rrawez Forw T |
Forward » M stobheg 537  stobend 575 no_error no_error strob beg
P swobtevel | 50.0% ZMagPoly e strobe e strob evel
power 9835 dBm ] power 94.6475 dBm 94.710 power 94.385 dBm el RF2 WG1 Klys FW; Buf=1982915718
power 683 MW . power 2916 MW 2958 power 2.745 MW
i o
slope 1617 . slope 1.780  powerold 2916 slope 1.701  powerold 2745 o0

[dBm] 10MW Fwd
100

5&“ mhn 15h|] 2l]h|] 2500
[us]

I I

80
60|
560
Reflected ZMQ&Poly edges K
no_eimar

puise

power 8538 dBm
power  0.35 MW

slope 13.544

5&“ 1l]h|] 15h|] ZHhﬂ 2500
Tus]

lﬂ:ﬁ]m] RF2 WG1 Gun FW; Buf=1982915720

[UBm] RF2WG2 Gun FW; Buf=1982915720
100

80
60+
40

80
60+
40

SHI[I 1ﬂhﬂ 15h[l Z[Ih[l

ﬁﬁﬂ 1ﬂhﬂ

REZWOTREEL Wewnrsy G

RF2WG2_REFL

ZMQEPoly edges

RF2_MODULATOR code 19

update: modulator current

current ‘ 13402 A voltage |100.01 kv

[4Bm] 10MW Refl
100

80— 1
B

perveance

RF2/V_KLY.WAVEFORM Res=1/4

—
. Y

G1 Gun RE; Buf=1982915720

no_error no_error
pulse strobe pulse
power 80.253 dBm 80.8354 power 83.926 dBm
power 0.107 MW 0.121 power
Siope) 16 106 slope 10.501 powerold 0247

M RF2 Trig PM; Buf=1982915686

Observed

correlation

update: modulator current

[uBm] RF2WG2 Gun RE; Buf=1982915720
100

M 133.98 A M 99.98 kV

100
- —

= i
I

40

80 I

1 1
60— em -
40

SlsU

5I]lU IUbﬂ 15th| 2000

Sﬁﬂ 1ﬂ}]D 15bﬂ ZIJEI]

DESY. M. Krasilnikov | Gun5 resonance studies

Saﬂ 1ﬂ}]ﬂ

RF2/V_KLY.WAVEFORM Res=1/4

100
50

-100-
-150-]

-200
400

M. Krasilnikov

Motivation: find a criterium for a proper resonance for the Gun5.2 operated with symmetric power coupler
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Gunb5 Resonance Studies
12.05.2024 — gun resonance (SPT) scan for PL=140us, SP=45.4 (~6.9MW(Q)

« Method: scan gun SPT, record related DOOCS data (RF signals 10MW, 2x5MW, RF pickup, RFinfo values)

i i i 1 gun_water.xml PITZWATER/WCS/GUN/ (on pitz-bkr.zeuthen.desyde) —~ B [ rf2_probe_signalxml PITZ.UTIL/RF2INFO/RF2/ (on pitz-bkrl.zeuthen.desy.de) ~ o x|
gun_shift_window.xml PITZ.RF/LLRF.CONTROLLER/GUN/ (on pitz-bkrl.zeuthen.desy.de) - o x " gun water Gun5.1 Signals
PITZ GUN M}"r{m] Ampitude =k | :.mn:ii::.:wwnuda linear,
SET POINT PULSETIMING || | [ | [ [ {1 | | | | | | | F | oeton
el - 2P 1\’ . = 60
Rompitude  45.00 Fiing |30
e RF forward 659 104

Rising :is RF reflected o0 a0

slope 3325 20+

Phase 357 00 deu

Flattop :j§§

El I EE
=
=
™

Feedforward { \ I o Pulse length 125.00 10 snTiTT:Tf:zlf:nel
———— Py s || 0 (e T - 46800000
- ! . RF windons cooling power | | RF forward (water) ) - - -
wiinwmg | 00 deg -l W \ i T e
MultiFlattop 20 / \ - degrees, with cal offset scaled by number above
FEEDBACK t _thatiatiop | l ' 0
-
OFF . 0 = _

0FF| Output Vector Corr E”Fﬂ“i 2 3 ! . . reser | 5 ot ?
OFF| F 87 : I(-I ! eff Fal I I n g EHZG301 50 ]

o ove # SPA | Pgun | FB | sts N Lo +« I .

-50-4
UL | FFC Tables Scale ﬁgs — FT T swaoz o] / 2]
{1 | Learning FeedForward  ON Phase 1‘52 52 H dBZ! L 4.:44;,.,1 . spectrum.xml PITZ.RFIRF.'.ADCS;DPEII;::;DCOICH%pitz-bkﬂ.zeuthen.desv.de) o x| " ]
— oo q 1 140 7 454 686 ON done 3 (S hl;l s o — — 550 600 5
FBGan 7,60 Guns pd
= Frobe Reset
=1 1 /
2 140 0 45.4 6.86 ON done \ // ”\\
\

Status: ADCLimiter = OK

LFF:  disabled 3 140 0 45.4 6.86 OFF done

OVC: Disabled

1 4 300 0 34.4 25 OFF done

2 5
LLRF Expert

alive cnt: 1983049201
] PWM []RF FSM
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eff Falling
-
1 140 45.

FB
4 6.86 ON done

Gun5 Resonance Studies 1
Data analysis (p2 vs p3) N R e e

RF pickup probe slope (deg/us)

g 9 3
2
4 T 4 e 140us, FallingT=7us, FB=ON
3 g
> 3 ——140us, FallingT=0us, FB=OFF
)
2 S 5
S
1 Ej ]
Qo
e 140us, FallingT=0us, FB=ON a —
0 v 0 :
——140us, FallingT=0us, FB=OFF
-1
-1
) 5
0 20 40 60 80 100 )
10MW refl.ection, %% -15 -10 -3 0 S 10 15 20 25

Slope of the10OMW refl.power signal (dBm/us)

M. Krasilnikov
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Gunb5 Resonance Studies
Data analysis (p3 vs p4)

—_—

RF pickup probe slope (deg/us)

e 140us, FallingT=0us, FB=OFF

—e—300us, FallingT=0us, FB=OFF

0 20 40 60 80
10MW refl.ection, %%

100

DESY. M. Krasilnikov | Gun5 resonance studies

RF pickup probe slope (deg/us)

—

-5

1 140 7 45.4 6.86 ON
2 140 0 45.4 6.86 ON
3 140 0 45.4 6.86 OFF
4 300 0 34.4 2.5 OFF
——140us, FallingT=7us, FB=ON
——300us, FallingT=0us, FB=OFF
0 5 10 15 20 25

Slope of the10MW refl.power signal (dBm/us)

done
done
done

done

M. Krasilnikov
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Gun5 Resonance Studies .-

. 4 300 4.4 . done
Data analysis (p4)
Gun resonance scan 70 RF parameters vs. gun temperature 7
S
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Generation and characterization of ellipsoidal
electron bunches in the blow-out regime

Experimental results
Simulations

Next steps

Andreas Hoffmann
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Requirements

Pharos, 250 fs

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 16, 010102 (2013)

S

Formation and acceleration of uniformly filled ellipsoidal electron bunches obtained via
space-charge-driven expansion from a cesium-telluride photocathode

P. Piot,"* Y.-E Sun,” T.J. Maxwell,"** J. Ruan,’ E. Secchi,™" and J. C. T. Thangaraj*
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FIG. 1. Domain of existence of the blow-out regime (lighter

™ colors) in the (o, E,..) parameter space for 7, = 50 fs (a) and
s Ty = 200 fs (b). The horizontal blue dashed lines correspond to

500
400
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200
100
0
rf2c¢10mw_ZMQ.xml PITZ.UTIL/RF2IN
RF2C10MW code 0
no error
forward 5.91 MW gradient  54.938 MV/m
reflected 0.48 MW slope 7.710
power 543 MW reflection 81.2E-3
s 1
no_ermar
pulse strobe
power 97.75 dBm 97.81dBm
power 5.96 MW 6.04 MW
slope 1.465 power old 5.958

beam radius [mm]

Ey = 35 MV/m. (This figure was adapted from Ref. [13].)
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TDS measurements

Comparison with historic and new results

Simulation (500 pC) First measurement at PITZ 2016 2024
R e ey |
20 20 20 _ _ 1 I 56 PST.Scr1Btm, 500 pC |
Gaussian laser Flattop laser Ellipsoidal laser 12 " e I
|
: 10 I : 10 - I
I : IE 5 6000:
% ? 12 I's o
g 2 (S0 1 1 4000 :
1 ! Tl !
: 10 . , 1 : -10 2000:
i o © @Eemsvi Voo @RsTSal oy, -
) 1 0 1 2 2 A 0 1 2 2 A 0 1 2 I -10 5 0 5 10 1 : -3 -2 -1 0 1 2 3 I
o g oa PST.ScrlTop
b 6F o8
250 pC, 1.5 mm BSA |
ks 4
£ 2
. é ,
= El
I§ _4
: E
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TDS measurements

Comparison between measurement and ASTRA simulations

(a) 100
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o0 ¢
40 ¢
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Current [A]

0

1000 pC

DESY. Andreas Hoffmann

BSA 3.2 mm

——1000 pC
—500 pC

250 pC
—100 pC
—50pC
—10pC
—5pC

10 5 0 5 10

I[A]

BSA 1.5 mm

(b)
45}

o

Current [A]
85 g

—
o

10+

| —50 pC

——500 pC
——250 pC
100 pC

—10 pC
—5pC

BSA 1.0 mm

10

z [mm]

c=3 ps/mm
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LEDA

250 pC, 1.5 mm BSA

Measured at: LEDA

P> max =(

RMS _ (232 £ 0.7)keV/cat 15

pmin

54468 4 0.0005)MeV/c at 2

o

a

Imain = 389.1A
Idip = -1.3891A

Stats: Img(Bkg): 20{10)
NaN pulses

LT = NaN%

SP-Plorw = 41.0
Power = 5.39MW
Reflection = 69%2%

5.48 60
55
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50
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L 5.42 =)
> “@r 2
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= E
= 54 a0 2
o o
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= E
o (=]
= 35 =
c 538 w
3 =
= 30
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25
534 ‘ ! ‘ 20
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HEDA1

250 pC, 1.5 mm BSA

Measured at: HEDA1 f120 (zoom)

<p> 18.0485 4+ 0.0007)MeV/c at101 ~°
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LPS

250 pC, 1.5 mm BSA
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400 t
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LPS @ MMMG phase, 250 pC

Raw image at Disp3.Scr1
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Projected emittance
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Experimental results
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Lowest reported: 1.7 mm mrad

250 pC, 1.5 mm BSA, 320A for 1.2 mm BSA, 266 pC

Xemit=1.190 +/- 0.013 mm mrad
Yemit=1.163 +/- 0.040 mm mrad
XYemit=1.176 +/- 0.017 mm mrad
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Next steps

» Increase transversal beam size on VC2 (last time LT 25%)

= QOptimize parameter range to reduce thermal emittance (250 pC, ~1mm BSA, ~1.9 pC/mm?)
= TDS measurements to proof ellipsoidal shape

= QOptimize gun quads

= Solenoid scan for slice emittance + statistics + statistics for FMSY1

ffmann | XFEL MAC meeting | April, 24th 2024 "

Judging improvements by pulse shaping from simulations

. O ptlonal - E M SYl StatIStICS for O " 9 and 1 " 1 m m BSA Beam dynamics simulations for the European XFEL photo injector (1nC case)
~12 60 [ cmitince
é 1 50 (Hlattop) Q@Q
m [ ' - < o o
Detal Ied LPS USI ng O MA 120% - H N\ ?ﬂé—;{‘]"}"ﬂ;‘l‘: ) Already large improvement by 1D (longitudinal)
=) ’ ( P "“% (.:..m:, o + 2D (transversal) shaping
B ¥ L e Y \Q 2| G Perhabs possible with waveshaper in
& F02 W/ q J 10 (Gaussian) JNEPAL
o current

Emittance w.rt. flat-top case

o
5432 -1 0 1 2 3 <> (mm) GD-cllipsoidal)

X-X | pulse | P" 3D ellipsoidal beams
Flat-top | 0.63 | 0.55

E% Gauss | 1051 072 jLowestemittance
y Ellipsoid| 0.43 |_0.40

il |ess transverse halo

Possible connection to other projects
* Bunch compressor (LPS)

il More regular (sin) longitudinal phase

:F — space = will be almost linear after 3™

* TH Z (1 n C an d 2 n C) i= = Pz\ harmonic section = shorter bunches
E o
[M. Krasilnikov] @i‘:@
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C-Robot: current status and next steps b. Villani

[#] MATLAB App — O *

 C-Robot remote connection done thanks to Grygorii and

StatusandLhecks Position plots Controls
@ 2000 Position Y/X

Stefan;

w
X
]
-
=2
[
=2
=
o
[
=
8
s
(1]
=
=
o

- Soage ‘ — «  Provided original script was swapped in Y-axis, debug was
Limit switches o 20 « New features in the GUI are implemented: adustable position
— I Beam tank - -
Min Max . .
« o o 2000 4000 8000 2000 of the samples to fine tune the samples in the center of the
S .
Y @ @ : Position Z/X beam,
z 0
Emergency button .6.1000
= 1500
:2000 XIY interlock region
Stepper status (49 ) (50 ) [ 51 ]
| Stepper is not moving | 2500 SomaeBeim fenk Z position lII b NeXt
om0 in beam (mm) o Ch k f th t t t
Grabber status ’ 2000 x?:tgf,s} 5000 8000 Put holder in beam eC I e mo Or S eps - 0 -

mm conversion is accurate

“I I
x
@

* Check if new sample holders
500
Update stat L2 STEPPER STATU S "y LI
Emoo ooy [STEPPER STATUS —, flt in the Robot
bl %;:ZE XIY interlock region < inigzrsnm{?:m] b Put RObOt tO CommiSIOnlng
Temp probe 1 (-C) MNaM . .
2500 Storage Beam in\ll;ggrsnm(?m} 194 and Use In the June Run?

0 2000 4000 G000 2000
Get Y (steps)
temperatures Plots Debug

DESY. Run Coordination 23.05.2024 Page 38



Topics for the remaining run periods with Gun5.1 A OPPel

Proposed planning till ~August

Brazing steps (MVS/ZM3)
Leak check (MVS)

Calender week 18 19 20 21 22 |23 24 25 26 |27 28 29 30 31|32 33 34 35 Tuning (MPY/PITZ)

Dry ice cleaning (MSL)
Schedule Gun5.
Status April 2024

Set up in Zeuthen (Z-ME)
Gun5.3 is currently delayed by 4 weeks

Installation at FALCO

May 2024 June 2024 July 2024 August 2024

Conditioning FALCO
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Week 25/26 plan

Status 24.05.2024

to do: Run to do: Run
Week Mon Tue Wed Thu Fri Sat Sun Week Mon Tue Wed Thu Fri Sat Sun
25 Jun-17 Jun-18 Jun-19 Jun-20 Jun-21 Jun-22 Jun-23 26 Jun-24 Jun-25 Jun-26 Jun-27 Jun-28 Jun-29 Jun-30
Morn. Morn.
07:00 Li Li Zeeshan 07:00 WVashchenko | V Zeeshan Krasilnikov | Krasilnikov
to Zhang Zhang | Oppeli to Kn]nnmryxE “—m TKﬂlautaryan Oppelt Riemer
15:30 Startup Irradifation 15:30 T
Late BBAs LDR/HDR Late Irradiation NILTOFLASH
15:00 B®is Alni Potsdamab 15:00 "LDR/HDR "' Li Zeeshan Aftab
to Good Good Riemer to “Uni Potsdam* Dmitriiev Lotfi Lotfi
23:30 23:30
Night Night
23:00 Ric i ichard Dmitriiev Dmitritey 23:00 Dmitriiey Hoftmamn L Hoffmamm
to Ka Iaim ! éﬁ%ﬂryﬂn Riemer Riemer Villani Recovery 1 eam.pfep.
0730 HDR re30 Rétovery LBR! | itroFL AsH
C-Robot?

DESY.

FLASH-RT: gun SP 41, ~5.5 MeV/c at MMMG phase

Others: gun SP 45, ~6 MeV/c at MMMG phase
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FLASHIab Irradiation BAM/UniI Potsdam

6 shifts

DESY.

FLASHIab Irradiation BAM/Uni Potsdam

Release date: 21-May-24
Responsible person: Matthias Gross, Marc Hahn (U Potsdam)
Responsible person must be present during the experiment

Estimated number of shifts required: ~6; ideally: irradiations in late shifts on 18./19./25./26. June
(starting around noon) with LDR on first day and HDR on second day in both weeks

Priority: PITZ is getting paid for beam time (3 to 5 experimental sessions in 2024)

Brief description of the experiment: Irradiation of selected biomolecules (Protein DNA and their
complexes) under varying oxygen conditions at LDR/HDR

Expected results: Input for understanding FLASH effect
Prerequisites: Beam available at Disp5 experimental station

Initial parameters for the experiment:

Photocathode laser: NEPAL
Temporal profile: standard
BSA size: 2mm

Maximum number of pulses: 420(7)
Electron beam

Bunch charge: low/high (TBD) at Disp5.FC2, Number of pulses:
RF Gun

RF pulse length: 140

RF power in the cavity/Beam momentum at LEDA: 5.6 MeV/c (SP 41)
RF phase: 0wt MMMG

Booster

RF pulse length: 150

RF power in the cavity/Beam momentum at HEDA1: 18 MeV/c (SP 12.2)
RF phase: 0 w.r.t. MMMG

TDS

LLRF amplitude set point: -

RF phase range: -

Measurement procedures: Put here a step-by-step instruction for the measurement
Option: indicate explicitly which beamline elements must/must not be used
Save data: What and where to save? Prepare a table for results and put it in proper folder, if needed

Expected difficulties and options: Put here an aliemative measurement conditions or alternative
measurement instructions in case the main measurement is not possible
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FLASH-RT water samples at 4 and 1% O,

DESY

FLASH RT — June PITZ 2024

Release date: 16-May-24

Responsible person: Sepideh Aminzadeh Gohari, Matthias Gross

X Responsible person must be present during the experiment
Estimated number of shifts required: 6 shifts

Brief description of the experiment: dosimetry prep, irradiation of water-based samples at 4 and 1
% 02

Expected results: Chemical and biological effects of PITZ beam at 4 and 1 % 02
Prerequisites: Additional measurements, such as QE, Laser BBA, proj. emittance or bunch length

Initial parameters for the experiment:

Photocathode laser: NEPAL-P (or PHAROS)
Temporal profile: 8ps Gauss

BSA size:

Maximum number of pulses: ~200 (or less)

Electron beam

Bunch charge: ~_at Charge measurement device, Number of pulses:
RF Gun

RF pulse length: 140 us

RF power in the cavity/Beam momentum at LEDA: 6.3 MeV/c
RF phase: 0wt MMMG

Booster

RF pulse length: 200

RF power in the cavifyyBeam momentum at HEDAT. ~18 MeVic
RF phase: 0wt MMMG

TDS

LI RF amplitude set point:

RF phase range:

Measurement procedures: low dose rate beam used on 01. March 2024 (better 08. May 2024), high
dose rate beam used on 02. March 2024 (better 09. May 2024). The measuremeniplan, with detailed
information on the doses and samples will be uploaded at .. FLASH-RT\2024\MeasurementPlans,

Save data: Note the irradiation conditions ... FLASH-RT'2024\MeasurementPlans

Expected difficulties and options:

The prep dosimetry shift is needed for the delivered dose test that is better to be done at previous night;
for what SSB is needed. Or previous day late shift.

Samples are to be taken out of the tunnel, for what SSB is needed. All samples are to be returned to the

bioteam for analysis.
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Summary of beam preparation for FLASH-RT

DESY

Use ref beam (100 pC) to define the beam trajectory from booster to High3

Use PST.ST2 and ST6 to center the beam in y at PST.BPM5 and High2.BPM1 (y steerers in between BPMs off)
Use High2.ST2 and High2.ST3.IX to make the quads High2.Q4 and High2.Q5 steering free in x

Go to LT for LDR (20 pC), focus the beam at High3.Scrl horizontally

Go to LT for ref beam (100 pC)

Use High2.ST5.1X and High3.ST1.1X to center the beam at High3.BPM1 and High3.BPM2 in x

Use High2.ST5.1Y and High3.ST1.IY to center the beam at High3.BPM1 and High3.BPM2 in x
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