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: : Cavity: Nb re-ent 500 MH
HZDRs pioneering work over the last 20 years Cathode:  Co.Sb. (53 nr 3 W taser)
electrically isolated, LHe cooled
coupling
1988 first proposal H. Piel et al., 10th FEL conf. Jerusalem, 1988 t”_be

1991 first experiments A. Michalke, PhD thesis, univ. Wuppertal, 1992

---cathode-stem-—---—

beam tube filter

100 mm
A — |

Cavity Material High RRR Nb
Frequency 500 MHz
Peak Surface E/E; 1.1

Peak Surface B/E; 2.4 ﬁ?‘ﬁ

G factor Cavity 20 0
G factor Cathode 390 MQ
Q,at4.2K 10°

Acc. Distance 10 cm

H. Chaloupka et al., Proc. 4t SRF
Workshop, KEK, Japan, 1989

A. Michalke et al., Proc. of 5" SRF
Workshop, DESY, Germany, 1991
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Nb re-entrant type 500 MHz

HZDRs pioneering work over the last 20 years Cathode:  Coon (533 W tnsen

electrically isolated, LHe cooled

Historical overview
coupling
1988 first proposal H. Piel et al., 10th FEL conf. Jerusalem, 1988 tube
1991 first experiments A. Michalke, PhD thesis, univ. Wuppertal, 1992 L
2002 Y first electron beam D. Janssen et al., NIM A, Vol. 507 (2003) 314 (—cathode-stem——
beam tube filter
100 mm

Cavity Material High RRR Nb
Frequency 500 MHz
Peak Surface E/E; 1.1

Peak Surface B/E; 2.4 %

G factor Cavity 20 0
G factor Cathode 390 MQ
Q,at4.2K 10°

Acc. Distance 10 cm

H. Chaloupka et al., Proc. 4t SRF
Workshop, KEK, Japan, 1989

<4—Beamline Preparation Chamber =
A. Michalke et al., Proc. of 5" SRF
Cavity: Niobium % cell, TESLA 1.3 GHz Workshop, DESY, Germany, 1991
Cathode: Cs,Te (262 nm, 1 W laser)
thermally isolated, LN, cooled o o
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Cavity: Nb re-entrant type 500 MHz

HZDRs pioneering work over the last 20 years Cathode:  Co.Sb. (530 nr 3 W taser

electrically isolated, LHe cooled

Historical overview
coupling
1988 first proposal H. Piel et al., 10th FEL conf. Jerusalem, 1988 tube
1991 first experiments A. Michalke, PhD thesis, univ. Wuppertal, 1992 L
2002 " first electron beam D. Janssen et al., NIM A, Vol. 507 (2003) 314 [---cathode-stem———
20102 first LINAC acceleration R. Xiang, et al., Proc. of IPAC’10, Japan, 2010 =
beam tube filter
2013 first lasing of IR FEL J. Teichert, et al., NIM A, Vol. 743 (2014) 114
2018 3  user operation THz + neutrons J.Teichert, et al. PRAB 24, 033401 (2021) 100 mm

") Drossel (half cell cavity) 2 SRF gun | (3.5 cell cavity) 3 SRF gun Il (3.5 cell cavity)

Cavity Material High RRR Nb
Frequency 500 MHz
Peak Surface E/E; 1.1

Peak Surface B/E; 2.4 ﬁ?‘ﬁ

G factor Cavity 20 0
G factor Cathode 390 MQ
Q,at4.2K 10°

Acc. Distance 10 cm

H. Chaloupka et al., Proc. 4t SRF
Workshop, KEK, Japan, 1989

<4—Beamline Preparation Chamber =
A. Michalke et al., Proc. of 5" SRF
Cavity: Niobium % cell, TESLA 1.3 GHz Workshop, DESY, Germany, 1991
Cathode: Cs,Te (262 nm, 1 W laser)
thermally isolated, LN, cooled o o
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Cryomodule of ELBE SRF gun |l

He port LN reservoir

LN shielding

He vessel

cathode alignment

cathode cooling

photo cathode

p-metal shielding

dimensions: L=1.3 m
H=09m

3Y%-cell cavity

9=0.7m

-
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Cryomodule of ELBE SRF gun |l

3

He port LN reservoir
LN shielding
He vessel
cathode alignment
SC solenoid

cathode cooling

photo cathode

>

p-metal shielding

dimensions: L=1.3 m

main coupler 3Y%-cell cavity

H=0.9m

9=0.7m

A = =
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COIdStri ng cold mass support frame cathode alignment
- and movement

HOM loads cathode cooler

photo cathode

SC solenoid (Cu, Mg, Cs,Te)

electron beam

elliptical Nb cavity
nC, MeV, mA, kW

helium vessel

few watt UV laser main coupler

DRESDEN ’ \ . N -
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Coldstring

4

19.08.2023

cold mass support frame cathode alignment

and movement

HOM loads cathode cooler

photo cathode

SC solenoid (Cu, Mg, Cs,Te)

electron beam elliptical Nb cavity

nC, MeV, mA, kW

helium vessel

few watt UV laser

\

main coupler

cathode tip
(photoactive layer)



Coldstring

cold mass support frame cathode alignment

and movement

HOM loads cathode cooler

photo cathode

SC solenoid (Cu, Mg, Cs,Te)

electron beam elliptical Nb cavity

nC, MeV, mA, kW

helium vessel

few watt UV laser main coupler

\

* Cs,Te, Cu, GaAs, Mg cathodes

» cathode cooling by LN to 77 K

- cathode transfer into the cold gun cathode tip

« therm. and electrical isolation (photoactive layer)

* DC bias up to 7 kV to suppress MP

* moveable (£0.6 mm) by remote
stepper for best RF focusing

« SCsolenoid B, ,,,=0.5T@ 10A v
* Remote controlled xy-table (77 K) L5



Cold mass cleanroom assembly at JLab

‘ beam”bi’ﬁéiran's;iﬁon' L 4 " main coupler Cavity was built at J.Lab.
1 - by P. Kneisel / G. Ciovati

and many others helped!

.= successfully leak checked

—
v 4

i
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Cryomodule assembly at HZDR

)

“procession” of SRF Gun Il into -} bunker, QEIR i‘ﬂlaﬁ&M

. . DRESDEN /* h . . -
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Cryomodule assembly at HZDR

b

4

“procession” of SRF G
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Cathode overheating, total loss of Cs,Te Eolc plug i Cs,Te?.

 Problem: Cathode overheating in the 2"d week operation, S
total loss of Cs,Te layer in the gun, FE + drop of cavity QO oS

2017.6.21 9:55 2017.6.21 10:34
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Cathode overheating, total loss of Cs,Te

X 7

« Problem: Cathode overheating in the 2"d week operation,
total loss of Cs,Te layer in the gun, FE + drop of cavity QO 2017.6.21 9:55 2017.6.21 10:34

* Investigation: all thermal contacts of cathode insert:
(#1) Mo plug and Cu body, (#2) Cu body and Cu cooler,
(#3) Cu cooler and LN2 reservoir (ceramic in between)

VA - ——
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Cathode overheating, total loss of Cs,Te

« Problem: Cathode overheating in the 2"d week operation,
total loss of Cs,Te layer in the gun, FE + drop of cavity QO

* Investigation: all thermal contacts of cathode insert:
(#1) Mo plug and Cu body, (#2) Cu body and Cu cooler,
(#3) Cu cooler and LN2 reservoir (ceramic in between)

» Setup: complete cathode insert assembled in vacuum
chamber and cooled to 77K, electrical heater at tip to
simulate RF loss, several PT100 sensors to measure
temperature difference on each contact

heater instead
of cathode plug
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Cathode overheating, total loss of Cs,Te

« Problem: Cathode overheating in the 2"d week operation,
total loss of Cs,Te layer in the gun, FE + drop of cavity QO

* Investigation: all thermal contacts of cathode insert:
(#1) Mo plug and Cu body, (#2) Cu body and Cu cooler,
(#3) Cu cooler and LN2 reservoir (ceramic in between)

» Setup: complete cathode insert assembled in vacuum
chamber and cooled to 77K, electrical heater at tip to
simulate RF loss, several PT100 sensors to measure
temperature difference on each contact

heater instead

« Finding: Mo plugs getting loose after thermal of cathode plug

e*

cycle to 400 °C (during cathode prep.) and
cool down to 77K in the gun! Reason is the
different expansion coefficients of Mo and Cu.
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Cathode overheating, total loss of Cs,Te

« Problem: Cathode overheating in the 2"d week operation,
total loss of Cs,Te layer in the gun, FE + drop of cavity QO

* Investigation: all thermal contacts of cathode insert:
(#1) Mo plug and Cu body, (#2) Cu body and Cu cooler,
(#3) Cu cooler and LN2 reservoir (ceramic in between)

» Setup: complete cathode insert assembled in vacuum
chamber and cooled to 77K, electrical heater at tip to
simulate RF loss, several PT100 sensors to measure
temperature difference on each contact

heater instead

« Finding: Mo plugs getting loose after thermal of cathode plug

e*

cycle to 400 °C (during cathode prep.) and
cool down to 77K in the gun! Reason is the
different expansion coefficients of Mo and Cu.

+ Solution: Cu plugs (as substrate) torqued with 2.5 Nm on
cathode body (temp. increase with RF neglectable)

7 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il




Cathode experiences ‘ . :
| | . Cs,Te on Cu

» 30 cathodes (2 Cu, 12 Mg, 16 Cs,Te)
+ since 2020 13 Cs,Te on Cu (solved excessive heating of plug)
* Cs,Te preparation is done in-house (already since 2007)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

-~
f\ . -,
N

* QE remains stable at a few percent during storage for month

Pure Cu plug Cs,Te on Mo plug Cs,Te on Cu plug




Cathode experiences ‘ . :
| | [P'Cs,Teoncu

8

30 cathodes (2 Cu, 12 Mg, 16 Cs,Te)
since 2020 13 Cs,Te on Cu (solved excessive heating of plug)
Cs,Te preparation is done in-house (already since 2007)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

o~
\ . _
N

QE remains stable at a few percent during storage for month

__

Cathodes are transferred under UHV into the cold gun cavity

Pure Cu plug Cs,Te on Mo plug Cs,Te on Cu plug

| e
g B

¥ cathode with anoe
for QE measurement

SRF gun Il with cathode tranéport and transfer system, HZDR

19.08.2023 Operational experience from 8 years of ELBE SRF gun Il See also poster MOI



Cathode experiences ‘ | - : I on Cu

* 30 cathodes (2 Cu, 12 Mg, 16 Cs;Te) 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
+ since 2020 13 Cs,Te on Cu (solved excessive heating of plug)

« Cs,Te preparation is done in-house (already since 2007)
* QE remains stable at a few percent during storage for month

_i

» Cathodes are transferred under UHV into the cold gun cavity

Pure Cu plug Cs,Te on Cu plug

* In the gun all cathodes behave differently in terms of
multipacting, QE during operation and lifetime / robustness

30,0

« on average per cathode 15 C in 500hr beam time and %4 year [ beam hours per cathode|
in the gun (typ. limited by warm up of LHe machine) [ charge per cathode|

— ; ¥ 2L\ : : q,Q"b ¥ N Q’be \‘1« 'V(\@ /\0@0 ,\?(\@ %Q}o & l\?o@ q}(\@ q}}o@
AL A b . /\(,;&19 & %,]9@ & ° RO S \Q.Qb/ SR
. P Ol S
SRF gun Il with cathode transport and transfer system, HZDR ¢ & & & N T S
b ) i ) « C <@ <@ o «@ <@
3 & «
()(o ,}/th\ 0‘;1' 0’;1' oé]/ C)o{,)/ Oé]/
kS
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Cathode experiences (cont’d.)

Two effects during SRF operation

1.

Fast QE drop when RF is loaded with a new cathode

Only few multipacting events combined with vacuum
rise and electron shower that travels towards gun exit

QE (%)

QE in gun [%]

5 T —7 T —— —— e
Cs,Te #2021.10.05_6nm on Cl}/v’_-_ QE in quit e
A —=—QE inTPK g
44 18.03 cathode / P \‘
into gua / / |
34 =] T /" 24.06 cathiode out _~ g N
‘ dlfg,(o ELBE shuldgyvn// N
24 l(ira]zsmp[fr; P / B TM/ > ﬁ‘gg Len,nsﬁll o
. 01.08 start shifts
14 X ~200pC, CW
CWRF =
vl—-"-l
04 02.05 start user shifts
~200pC, CW
T T T T T T
R U R L
i A SERS & O N
Q'\ Q'\‘ Q\ 6\' Q’\‘ Q'\ Q'\' Q\
30 - . ——r .
s Cs,Te #2021.06:07 on Cu (T8 nm+Cs 40)
- | fresh QE 6% '
244 ”ie""“ N
u . = €
BN
i) o . ~
1.6+ L5 e v
15 1 stat RF
1
124 'I CWRF
r tart beamtime
09 [ ¥
e
0.8 el T .
Sk
0.3 -
QE in gun
0.0 T T T T T
A A G
) & ik e & &
kS & & date EX &



Cathode experiences (cont’d.)

Two effects during SRF operation Moute #2021_1.0/_’0,;5 — C: e ipK ]M\
1. Fast QE drop when RF is loaded with a new cathode M;;i;?m // i
» Only few multipacting events combined with vacuum e |, 1 Tuw
rise and electron shower that travels towards gun exit S | {W 11
& \@f&@ @:r:"&& \@-@@ \_@:»“@ \@'ﬁ’@ &

| Cs,Te #2021.06:07 on Cu ( Te'8 nm+Cs 40}

2.4 ﬁ;e‘ﬁ'loES% . - | Ne : .

£
(=
B 15 btart RF
=
w 1.2+ CW'RF ]
2 0.9 ; start beamtime ] %
0.6 h‘""'!--., ooy ot '_ = 7
TR - - ;
0.3
QE in gun
Du ¥ T T T T
g g ok v o O
\'P ti*@ _Q"L@ L @"P 65@



Cathode experiences (cont’d.)

Two effects during SRF operation
1. Fast QE drop when RF is loaded with a new cathode

+ Only few multipacting events combined with vacuum
rise and electron shower that travels towards gun exit

2. Slow QE decay / distribution change during charge extraction

» photo electrons & dark current hit the cavity wall and
released gas and contaminates the sensitive cathode layer

* released gas molecules are ionized by photo electrons &
dark current, ions back bombard the cathode surface

« CW RF (few watts) overheats the thin dielectric film (not the plug)

QE (%)

QE in gun [%]

fA

4 4

-

- transport

Cs,Te #2021.10.05_6nm on Cu

18.03 cathode
into guA

*ﬁ* i

duetd ELBE

L
int

chamber

_L .

cw RFI

02.05 start user shifts
~200pC, CW

24.06 caihode out

‘\{/

T T
—=—QE in guit
—u— QE in'TPK

shutdown.
.07 reinstall
to gun

01.08 start shifts
~200pC, CW

VI—--I

] "=y QE

| Cs,Te #2021.06:07 on Cu (TeB
fresh QE 6%

"
\

btart RF

CWRF
start beamtime

* QEingun
T

T
nm+Cs 40}




Cathode experiences (cont’d.)

Two effects during SRF operation
1. Fast QE drop when RF is loaded with a new cathode

+ Only few multipacting events combined with vacuum
rise and electron shower that travels towards gun exit

2. Slow QE decay / distribution change during charge extraction

» photo electrons & dark current hit the cavity wall and
released gas and contaminates the sensitive cathode layer

* released gas molecules are ionized by photo electrons &
dark current, ions back bombard the cathode surface

« CW RF (few watts) overheats the thin dielectric film (not the plug)

Next steps
* in vacuum sample transport for XPS* study

* Mo brazed on Cu with good therm. contact

See also poster MOPMB085

9 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il

*XPS: X-ray photoelectron spectroscopy

QE (%)

QE in gun [%]

. =

4 4

- transport

Cs,Te #2021.10.05_6nmon Cu/_u QE in guri”
© —=—QEnTPK
18.03 cathode /
into quA

*i‘*f\ '

" 24.06 caifiode out
due 16 ELBE shutdown.-

chamber T 19,07 reinstall
info gun

_t

|

01.08 start shifts
~200pC, CW

CWRF

VI—--I
02.05 start user shifts
~200pC, CW

ReY

| Cs,Te #2021.06:07 on Cu ( Te'8 nm+Cs 40}
fresh QE 6% ;

Ne
Ny()

QE =

CWRF
start beamtime
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Dark current (at 1.4 m downstream the cathode)

E peak [MV/m]
B Cu  Cu Mg Cs,Te Mg Cs,Te 0 2 10 15 20
¢ Typ dark Current § 20 @ w/o cathode ” Dark current SRF Gun-Il T
~ 120 nA @ 8 MV/m s 1 @ with cathode 0| ©n FC, with RF 8MV/m, DC -5kV / |
. o N
0 _i.?, 150 g < —=—2022-05-12 with Cs2Te cathode I
hd 70 A) from CathOde, @© i £ 60 —*—2023-03-10 with Cs2Te cathode // -
but unclear whether % 00 ) £ oo 9 00 _“o;l —=—2023-04-14 w.0. cathode /_//
e N ° o é b l'm
from the Cs,Te layer £ ° - s " 7
o C ] 5 3
or substrate E 5o 11m ° T 1 35 8 = f
o [&] \ o ° Y X T ) "
+  30% from near the x : » 0 st
' ©
hole in backplane ° 04— — T T 1 [ T T T T T 0 ; ! ; :
7 - 12/2013 12/2014 12/2015 12/2016 12/2017 12/2018 12/2019 12/2020 12/2021 12/2022 12/2023 Gradient IMV/ml

i
. . . DRESDEN & = m -
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Dark current (at 1.4 m downstream the cathode)

E peak [MV/m]

& Cu Mg Cs,Te Mg Cs,Te 0 5 10 15 20
£ 200 Cu  Cu 2 100 . T T T
* Typ dark Current S | 9 W_/O cathode Dark current SRF Gun-I| T
~ 120 nA @ 8 MV/m s . @ with cathode a.| on FC, with RF 8MV/m, DC -5kv |
© 150 119 nA — ) s/
*  70% from cathode, 5 L | Cammioumcaeans | / _
< L e’ @ 2 —8—2023-04-14 w.0. cathode !
but unclear whether <5100 : a - . 7 ] i ]
from the Cs,Te layer € | ° 2 /1
o ) 5 -
or substrate E 5o 11m ° T 1 35 8 = .f{;_, ]
o * ] [ 3C I "
«  30% from near the X ] l ° s %0 0 - ]
. 5]
hole in backplane ° 04— — L A A B B S B S B : t 4 T :
12/2013 12/2014 12/2015 12/2016 12/2017 12/2018 12/2019 12/2020 12/2021 12/2022 12/2023 Gradient [MV/m]
* Less dark current and
no MP with Mg & Cu
" [Epnom 8 . ' ' ' ' ' ! w./o. cathode §
z:z: field with cathode -2.2m " cathode hole 58 m : . I :
Le— 2 e ————
- r=6mm 3t
3 g
3200 108 = { 0.2 e o8 o8 1 12 vy i “:l
E, 15.0M i‘ - )
o 1% ' ' with cathode

10.0M 4

50 100

o

o
-100 -50 ©
§ :§

5.0M

Joz cathode
r=2mm

x mem

0.0

dpcseseckbebsEembsbben

T
0.0 02 04

. : . .
Z_axis (cm) ) 0.2 04 0.8 0.8 1 12 14

DRESDEN VA‘

. . . L] - ——
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SRF performance (selection)

QvsE

* in last vertical test at Jlab E0=37 MV/m was achieved,

* -30% loss due to clean room assembly and shipping

» -20% loss because of overheating of 1st Cs,Te (2015)
» up today no additional degradation despite 30 cathodes

1 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il

10.25 Hz(MV/m)2

intrinsic quality factor, Q,

peak electric field (on-axis, full cell), E, [MV/m]

0,0 5,2 10,4 15,6 20,8 26,0 31,2 36,4
10" T T T T T
E
cath =18
Eacc
E
% =26
Eacc
-0 ? °
—
0% Te——a— —a S
- = —L
- -
. e TS
SRF gun | \o -20% R
e o - -
o oﬁg_o_o\o. o -
0 o 0—0—d0,, SRF gun |
107 | 3 1|—@—Dbaseline meas. (Cu cath., 09/17/2008) =
—@— operational meas. (Cs,Te cath., 02/15/2013) |]
SRF gun Il ]
/ —@— |ast vertical reference (w/o cath. 09/19/2013) |1
o —@— baseline meas. (Cu cath., 08/13/2014)
, —@— operational meas. (Mg cath., 12/08/2015) |
P —@— operational meas. (Cs,Te cath., 17/04/2023)
10° A | = = -30 W dynamic loss limit
T

0,0

T T T
10,0M 12,0M 14,0M

[V/m]

T
6,0M 8,0M
accelerating field, E

T
4,0M

acc



SRF performance (selection)

QvsE

* in last vertical test at Jlab E0=37 MV/m was achieved,

* -30% loss due to clean room assembly and shipping

» -20% loss because of overheating of 1st Cs,Te (2015)
» up today no additional degradation despite 30 cathodes

Microphonics

* 0;=6.6 Hz (RMS); 24.6 Hz membrane pumps, 20+130
Hz compressors of LHe machine, 10+80 Hz unknown

* 0,=0.02° at 1.3 GHz or timing jitter ;=43 fs (in loop)

1 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il

10.25 Hz(MV/m)2

intrinsic quality factor, Q,

1

1

10° |

PSD of phase deviation [deg?Hz]

0,0

peak electric field (on-axis, full cell), E, [MV/m]

52 10,4 15,6

20,8 26,0 31,2

011

010

SRF gun |

°\°h0-0~°‘0~°
N~
.

Q—=0—0—0 9
Y

N <o W

-20% _.--

=

SRF gun |

1|—@—Dbaseline meas. (Cu cath., 09/17/2008) e
—@— operational meas. (Cs,Te cath., 02/15/2013) |]

SRF gun Il

—@— |ast vertical reference (w/o cath. 09/19/2013) |1
—@— baseline meas. (Cu cath., 08/13/2014)
—@— operational meas. (Mg cath., 12/08/2015) |
—@— operational meas. (Cs,Te cath., 17/04/2023)

— — -30 W dynamic loss limit

T T T Y T
2,0M 4,0M 6,0M

accelerating field, E

frequency [Hz]

5.0E-4

integrated PSD of phase deviation [deg?]

T T
8,0M 10,0M 12,0M

[V/m]

acc

T
14,0M



peak electric field (on-axis, full cell), E, [MV/m]

SRF performance (selection) 00 sz 104 156 208 20 32 364
10" ¢ T T
QvsE dj Ecaen ‘— 18
. . . ] Eacc o
* in last vertical test at Jlab E0=37 MV/m was achieved, £ By .
© =2
* -30% loss due to clean room assembly and shipping > e N Face
. T 010 g ——2 T R
» -20% loss because of overheating of 1st Cs,Te (2015) 3 107 ‘ o\o\:\e\o P ——l
s . . N P -
+ up today no additional degradation despite 30 cathodes 3 0 30%_---""
b loday 9 P [ SRF gun| N <o 3W%-
. . = —_g J=E™
Microphonics E ey, Sam”
* 0;= 6.6 Hz (RMS); 24.6 Hz membrane pumps, 20+130 10° | p——079790, S eaarop— meass.l?guglcjgtrl].,09/17/2008) 4
Hz compressors of LHe machine, 10+80 Hz unknown i mmiladie m;:ngmTle s, D2HBE019)
* 0,=0.02° at 1.3 GHz or timing jitter 5=43 fs (in loop) e LB L S
, —@— operational meas. (Mg cath., 12/08/2015) i
. s —a— operational meas. (Cs,Te cath., 17/04/2023)
Lorentz Force (LF) detunlng P /’ ‘ — — -30 W dynamic loss limit
T

* ko, = 1.5 Hz(MV/m)=2, 6x higher than for TESLA 9 cell V
» LF detuning vs. EO for each mode clearly point on weak

0,0

T T
4,0M 6,0M

8,0M

T T T
10,0M 12,0M 14,0M

accelerating field, E, . [V/m]

half cell as reason, stiffeners are not satisfactory 01

+ Af =650 Hz for E,..= 8 MV/m, because of bandwidth of
BW = 200 Hz tuning while changing gradient is essential

Helium pressure sensitivity: 155 Hz/mbar (stability of
LHe machine is 0.2 mbar pk-pk)

PSD of phase deviation [deg?Hz]
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10.25 Hz(MV/m)2

T T T

frequency [Hz]

5.0E-4

integrated PSD of phase deviation [deg?]

T T T T

E,.=-9.7 Hz ((MV/m)*

-200 4

-4004

-600

Lorentz force detuning [Hz]

-800

°

-1000

T T T T
0,0 200,0 400,0 600,0

(electric field [MV/m])?



SRF performance (selection)

QvsE

* in last vertical test at Jlab EO=37 MV/m was achieved,
* -30% loss due to clean room assembly and shipping

» -20% loss because of overheating of 1st Cs,Te (2015)

» up today no additional degradation despite 30 cathodes

Microphonics

* 0;=6.6 Hz (RMS); 24.6 Hz membrane pumps, 20+130
Hz compressors of LHe machine, 10+80 Hz unknown

* 0,=0.02° at 1.3 GHz or timing jitter ;=43 fs (in loop)

Lorentz Force (LF) detuning

* ko, = 1.5 Hz(MV/m)=2, 6x higher than for TESLA 9 cell V

» LF detuning vs. EO for each mode clearly point on weak
half cell as reason, stiffeners are not satisfactory

+ Af =650 Hz for E,..= 8 MV/m, because of bandwidth of

BW = 200 Hz tuning while changing gradient is essential

Helium pressure sensitivity: 155 Hz/mbar (stability of

LHe machine is 0.2 mbar pk-pk)

1 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il

10.25 Hz(MV/m)2

1

1

intrinsic quality factor, Q,

PSD of phase deviation [deg?Hz]

0,0

peak electric field (on-axis, full cell), E, [MV/m]

52 10,4

15,6 20,8

26,0

31,2

011

010

10° |

SRF gun |

o—
°‘0—0~0_0_°
~,
9,

Q—=0—0—0 9
Y

N <o

=

SRF gun |

1|—@—Dbaseline meas. (Cu cath., 09/17/2008) e
—@— operational meas. (Cs,Te cath., 02/15/2013) |]

—@— |ast vertical reference (w/o cath. 09/19/2013) |1
—@— baseline meas. (Cu cath., 08/13/2014)
—@— operational meas. (Mg cath., 12/08/2015) |
—@— operational meas. (Cs,Te cath., 17/04/2023)

‘ — — -30 W dynamic loss limit

SRF gun Il

T
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T T
6,0M 8,0M

accelerating field, E
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=
o

frequency [Hz]
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T
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Photocathode laser(s)

« UV laser operated at constant power (thermal equilibrium)
+ UV laser power adjusted by attenuator (waveplate/polarizer)

» Fast chopping in UV (up to MHz) for e-beam setup by AOM
(acousto optical modulator, Isomet M1365-aQ215-3)

» Laser transport equipped with the 2 fast shutters in a row
(AOM and Uniblitz) for redundancy in machine safety

Parameter New Laser Old Laser 2
(Amplitude) (Max Born Institue)

4th harmonic 257 nm 262 nm
Oscillator 39 MHz, fiber 52 MHz, free space
0...1 MHz 10...500 kHz in 7

AU 2 [ELD (divider of 39 MHz) steps and 13 MHz

>10 pJ @ 100 kHz

UV pulse energy 5uJ @ 100 kHz

>2 pJ @ 1 MHz
UV pulse length, FWHM up to 7 ps, variable 5 ps
12 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il jltter (1 0 HZ = 1 MHZ) 70 fS 150 fS

) not ready for user beam, still issue with synchro-lock



Photocathode laser(s) - — MBI (1stfloor)

« UV laser operated at constant power (thermal equilibrium)
+ UV laser power adjusted by attenuator (waveplate/polarizer)

» Fast chopping in UV (up to MHz) for e-beam setup by AOM
(acousto optical modulator, Isomet M1365-aQ215-3)

» Laser transport equipped with the 2 fast shutters in a row
(AOM and Uniblitz) for redundancy in machine safety

Parameter New Laser Old Laser 2
(Amplitude) (Max Born Institue)

4th harmonic 257 nm 262 nm
. ] . Oscillator 39 MHz, fiber 52 MHz, free space
Operational experiences (selection)
. . . . . 0...1 MHz 10...500 kHz in 7
* Main reason of failures is water (both infrastructure and chiller) ~  Pulse rep. rate (divider of 30 MHz)  steps and 13 MHz
» Degradation of mirrors, lenses, waveplate/polarizer, conversion
9 oL ’ . b P ’ . UV pulse energy AU (@ 1 a3 5 uJ @ 100 kHz
crystals within weeks of operation (depends on power density) >2 pJ @ 1 MHz
» Frequent maintenance and re-adjustment mandatory (1 FTE) UV pulse length, FWHM up to 7 ps, variable 5 ps
12 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il jltter (10 HZ = 1 MHZ) 70 fS 150 fS

) not ready for user beam, still issue with synchro-lock



Beam performance

to ELBE

HZB Helmholtz Screen Screen
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SRF Gun Il
= Slit mask
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‘ Quadrupole o .
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solenoid station 5 L



E,i, [MeV]

Beam performance

to ELBE

HZB Helmholtz Screen Screen

Zentrum Berlin Screen station 1 station 3 station 4

Faraday cup \0@

Screen station 2

SRF Gun Il
Slit mask L
- -_— |
=0~ I-QEQ—V f
Quadrupole
sc triplet Sereen g ’
solenoid station 5 L
Kinetic energy SRF gun Il
4.5 [ Cu cathode, -5 kV bias 4
40 ASTRA
3.5 ]
°® ®
3.0_--":'......'. * ]
acc. gradient (peak field)
s [ = 6 MV/m (15.4 MV/m) 16.06.14 h
: ® 7MV/m(17.9 MV/m) 19.05.15
4 8 MV/m (20.5 MV/m) 19.10.17
20 v 9 MV/m (25.6 MV/m) 18.02.15 ]
0 30 60 90

laser phase [deg]



Beam performance

to ELBE
HZB Helmholtz Seresh Screen
B Screen station 1 station 3 station 4
Faraday cup 0 .
SRF Gun Il \g Screen station 2
Slit mask L ‘
aae ‘ . . S—
(- !-QEH =y
‘ Quacrupole y 180° magnet
sC triplet Screen g
solenoid station 5 b

100 T T T T
Energy spread for 3.5 MeV beam
50, 100, 150 pC, 100 kHz, 7 MV/m,

= golms laser pulse length 2.3 ps |
Z C-bent measurement 04-07.12.2017
N

w

©
T 60 4
@

o

a

2]

B 40 i
[9)

c

o

(2]

E 20t —=— 50 pC| |

—u— 100 pC
=150 pC
0 1
0 75 90

laser phase [deg]



rms energy spread o [keV]

Beam performance

HZB Helmholtz

Zentrum Berlin

to

Screen station 1

ELBE

Screen
station 4

Screen
station 3

Faraday cup 0
g Screen station 2 ‘
SRF Gun Il ‘ \
Slit mask L
-4 i—ﬁﬁ—" /
‘ Quadrupole
sC triplet Screen ’
solenoid station 5 L
Ma, S., Ph.D. thesis of University Hamburg, 2022.
100 14
Energy ;pread forl3.5 MeV [I)eam —— Lg=3.75 mm, Gaussian distribution simulation
50, 100, 150 pC, 100 kHz, 7 MV/m, - = Lg=3.75 mm, Inhomogeneous distribution simulation
rms laser pulse length 2.3 ps © 12 1 — | g =2.5 mm, Gaussian distribution simulation
80 - C-bent measurement 04-07.12.2017 i E ¢ Lg=3.75 mm, Experiment with homogeneous cathode (2022.05.13)
e 10 4 ¢ Lg=3.75 mm, Experiment with inhomogeneous cathode (2021.07.20)
€ ¢ Lg=2.5mm, Experiment with Gaussian distribution (2021.10.15)
i 7 € 84  gradient8.00 MV/m, DC -5kv j
© laser phase 55 deg
= solenoid 0.17 T (3.8 A) g
40 + 4 g 6 1 laser length 2.3 ps (rms) '
Ee] cathode position: -2.4 mm,
9]
N 44 *
© +
20 —a— 50 pC A c
—mu— 100 pC S 24
= 150 pC z
0 ! O T T T L § : | T
0 76 20 0 50 100 150 200 250 300 350

laser phase [deg]

Bunch charge / pC



rms energy spread o [keV]

Beam performance

HZB Helmholtz

Zentrum Berlin Screen station 1

Faraday cup

SRF Gun I \

- LUV\. —!C

SC
solenoid

triplet

100 T T T
Energy spread for 3.5 MeV beam
50, 100, 150 pC, 100 kHz, 7 MV/m,
80 | 'Ms laser pulse length 2.3 ps |
C-bent measurement 04-07.12.2017
60 - -
40 | -
20 L —a— 50 pC| |
—mu— 100 pC
=150 pC
0 1
0 75

laser phase [deg]

90

Normalized emittance / mm - mrad

\9 Screen station 2 ‘

to ELBE

Screen
station 4

Screen
station 3

Slit mask L

ﬁm—t‘

Quadrupole

14

’ <
I

4

Screen 180° magnet

station 5

L

Ma, S., Ph.D. thesis of University Hamburg, 2022.

12 A

10 A

—— Lg=3.75 mm, Gaussian distribution simulation
= Lg=3.75 mm, Inhomogeneous distribution simulation
— | g =2.5 mm, Gaussian distribution simulation
¢ Lg=3.75 mm, Experiment with homogeneous cathode (2022.05.13)
¢ Lo=3.75mm, Experiment with inhomogeneous cathode (2021.07.20)
¢ Lg=2.5mm, Experiment with Gaussian distribution (2021.10.15)
gradient 8.00 MV/m, DC -5kV
laser phase 55 deg
solenoid 0.17 T (3.8 A)
laser length 2.3 ps (rms)
cathode position: -2.4 mm,

by

00

rms bunch length [ps]

(9]

ES

w

N

Bunch length by RF zero-phasing technique

| bunch length at entrance of linac 1
8 MV/m, 100 kHz, Mg cathode, -5 kV bias
I 200 pC, 2.5 mm diam. laser spot E
3 pC, 1.2 mm diam. laser spot

L | \ -

ASTRA+
ELEGANT

/

m 3pC
= 200 pC

150 200 250 300

Bunch charge / pC

100

350

35 40
laser phase [deg]

45 50 55



rms energy spread o [keV]

Beam performance

HZB Helmholtz

Zentrum Berlin Screen

station 1

Faraday cup

SRF Gun I

SC
solenoid

triplet

100 T T T T T
Energy spread for 3.5 MeV beam "
50, 100, 150 pC, 100 kHz, 7 MV/m,
80 | 'Ms laser pulse length 2.3 ps = |
C-bent measurement 04-07.12.2017
n
60 - -
40 | -
20 L —a— 50 pC| |
—mu— 100 pC
=150 pC
0 1
0 75 90

laser phase [deg]

Normalized emittance / mm - mrad

to ELBE

Screen Screen

0 station 3 station 4

! Screen station 2 \

S
= un—1--000-W

Quadrupole

14

Slit mask L
Screen 180° magnet
station 5 g

L

Ma, S., Ph.D. thesis of University Hamburg, 2022.

12 A

10 A

—— Lg=3.75 mm, Gaussian distribution simulation
= Lg=3.75 mm, Inhomogeneous distribution simulation
— | g =2.5 mm, Gaussian distribution simulation
¢ Lg=3.75 mm, Experiment with homogeneous cathode (2022.05.13)
¢ Lo=3.75mm, Experiment with inhomogeneous cathode (2021.07.20)
¢ Lg=2.5mm, Experiment with Gaussian distribution (2021.10.15)
gradient 8.00 MV/m, DC -5kV
laser phase 55 deg
solenoid 0.17 T (3.8 A)
laser length 2.3 ps (rms)
cathode position: -2.4 mm,

by

00

rms bunch length [ps]

(9]

ES

w

N

energy (pc) 4.5 MeV
SRF gun gradient 8 MV/m
cathode field 14.4 MV/m
bunch charge 0-250pC
transv. emittance 1.3 —-6.3 ym
energy spread 5-25keV
micro pulse rate 25 — 250 kHz
beam current (CW) 60 pA

laser pulse length 2.3 ps

dark current <100 nA

Bunch length by RF zero-phasing technique
| bunch length at entrance of linac 1
8 MV/m, 100 kHz, Mg cathode, -5 kV bias

1

T
|
| |
I . } J ASTRA+
= 200 pC

ELEGANT
L I 1 L I 1

150 200 250 300

Bunch charge / pC

100 350

I 200 pC, 2.5 mm diam. laser spot -
3 pC, 1.2 mm diam. laser spot
m 3pC
35 40 45 50
laser phase [deg]

55



Operational performance (selection)

Reliable operation over days w/o any trips
Typ. 1800h per year, no reason not to provide more

gradient current charge beam time
500

909 50092350
85 2340
450
801 ™ 2m0

75
40042320
70
2310
65
o 912300
- 2290
331 300
50 2280
45{ 25012270
40 260
20
a3 250
30
1502240
254
230
20
100 2220
15
19 210
)
05 2200
0.0 042190

9010

8995

8 days gun operation w/o interruption -

- Z

Py 4
laser spot
on cathode /
7
Example - 100kHz 230pC
* Total charge: 14.8 C
¥ *  Beamtime: 194 h / 8 days
* Oguntrips, O ELBE trips
— *  QEstable at 0.6% |
A ree——
071222 051'222 09.1222 101222 11.1;22 12122 13.1222 14|VZZZ 151‘222 16.12.22
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Operational performance (selection)

* Reliable operation over days w/o any trips
* Typ. 1800h per year, no reason not to provide more

* 600 pC, max. bunch charge 1.5 m downstream into Fcup
limited by cavity gradient, 1nC possible with E0=30 MV/m

» 200 - 400 pA CW accelerated 5 m downstream into dump
no reason not to demonstrate 1 mA (except machine time)

gradient current charge beam time
904 500423504 %010 ; - .
o 8 days gun operation w/o interruption
5 240 < -
0 230 T
s 75mm) 4
220
70 /
210
2300
60
55 29 laser spot
50 280 on cathode
45 boid /
40 260
7
35
250
i 2240
25| 159 Example - 100kHz 230pC
. 0 * Total charge: 14.8 C
10 v .
5 220 A *  Beamtime: 194 h / 8 days
10 210 * Oguntrips, O ELBE trips
05 200 — *  QEstable at 0.6% |
0.0 219.0 L o — = = =
w22 08122 G2 MRz M2 12 1Rz W2 15122 16122
700 —— — 450 ————————T——T———T——T—— 11—
high charge run on 16.06.2022 :
600 Esco = 8:0 MVIM (E¢=20.5 MV/m) 400 E‘ed'i"; :‘:\;r\‘;‘/m ”’E" f;‘ 81&3/6-2017 /° .
Cs,Te QE=1.7%, - 5 kV DC bias — CaccT‘ C;)E—Q"/m (5 ll)<_\/ oo b'm) 0/0
100 kHz, macro pulsed 0.4/500ms 5 B0 beledcedie- 93 o ]
& 500 /o = 13 MHz, Macropulsed 10/500ms 3
2 00? £ 300 J
=t )
a ° £ @
= 400 | ° 3 250 R
e &° -4 o/
c _d - -
"o 300 P { 5 %0 /
= £9°° 2 150 S
© C) £ ey N
5 200 & 18 °/
o @ laser phase 55° m; 100+ / )
100 4 ¥ @ laser phase 85° i 50 4 /0 i
& @ phase scan btw. 55-85° P
lin. fit for 85° 04 1
0 T T L) 4 4 ¥ y : T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 0 20 40 60 80 100 120 140 160 180

UV PW [mW]

Laser power on table (mW)

A ™o
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Operational performance (selection)

Integrated rms jitter [fs]

Reliable operation over days w/o any trips
Typ. 1800h per year, no reason not to provide more

600 pC, max. bunch charge 1.5 m downstream into Fcup
limited by cavity gradient, 1nC possible with E0=30 MV/m

200 - 400 pA CW accelerated 5 m downstream into dump
no reason not to demonstrate 1 mA (except machine time)

Measured timing jitter (by BAM system) near user end
station is 62 fs w/o and 19 fs with beam-based feedback

A. Maalberg, M. Kuntzsch, K. Zenker and E. Petlenkov, “Regulation of electron
bunch arrival time for a continuous-wave linac: Exploring the application of the
H2 mixed-sensitivity problem”, Phys. Rev. Accel. Beams, under review.

7 | FB OFF —— 7 |FBON
T T TT] T T 1 T T T TT] T T TT] T
8fs 49fs : 36fs : 19fs : 10fs
801 <1fs 1fs Afs ¢ 17fs | 8fs
60 :
) :
40 B ! Q\)\o : N
20 o |
O 111 | | 1 \; | | \\ |

Frequency [Hz]

gradient current charge beam time

909 50072350
o 8 days gun operation w/o interruption
o 2340 < »
0 230 4
o 75y 4
2320
70 /
231.0
230.0
6.0
55 20 laser spot
50 280 on cathode
4 210 /
40 260
35 Z
250
i 2240
25] 19 Example - 100kHz 230pC
- 20 * Total charge: 14.8 C
10 o ' .
7 220 A *  Beamtime: 194 h / 8 days
10 210 * Oguntrips, O ELBE trips
0s 200 *  QE stable at 0.6% |
0.0 219.0 L o —
071222 08.12.22 09.1222 101222 1n.1222 12122 13.1222 141222 151222 16.12.22
700 ——————— 450 —— .
high charge run on 16.06.2022 :
500, Eace = 8:0 MVIm (E,=20.5 MV/m) 400 E‘ed'i"; :‘:\;r\‘;‘/m o 81&3/6-2017 /°
Cs,Te QE=1.7%, - 5 kV DC bias — CaccT‘ C;)E—Q"/m (5 ll)<_\/ oo b'm) 9/0
100 kHz, macro pulsed 0.4/500ms Ty 25 o
o 5004 /o = 13 MHz, Macropulsed 10/500ms 3
<3 0® L] S 300 4
Y=t )
a ° £ ]
3 400 - ° 3 250
L(L) oaa 2— °/
c _d -
"o 300 P £ 0 /
o £wgo° a 150 )
a £
G 200 | & 3 s °/
o @ laser phase 55° m 1007 /
1004 L @ laser phase 85° 1 504 /0
& @ phase scan btw. 55-85° P
lin. fit for 85° 04
0 L T \ T T Y ! ! ! ! T T T T T T T T T T
O & 100 45 3200 1250 80 35 00 45 500 B6 0 20 40 60 80 100 120 140 160 180 200

UV PW [mW]

Laser power on table (mW)
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. . acceleration energy compression
THz — most demanding experiment on-orest correlation l
TELBE (THz)

% % »

to

(I:Tacclz. Xﬁ I(i:r;accz4 R chicane 2 /‘/
e OO+ 000 06 Al o8- D000+ Oty - DT 0= on
Ery,~F(w,0,)N* P SHEI [ s
e T z@_# U300
— st s
SRF gun delivers 4 MeV beam with 200 - 250 pC
———————————— T ——T———————
CW operation with 10, 50, 100, 250 kHz rep.-rate 5 0 ] 2 ]
| K]
acceleration to 26 MeV, imprint of correlated 4 ‘/:\” S ]
energy spread and compression to some 100 fs & 3 ,/Z T~ _
o
§ g 5 laser phase 3 i
[ e 2 35° g i
1 E [a] — 45° — ]
SRF Gun —50° THz radiator —|
0 “T/. PR Pl I T S T ST TN [ [N T 1 NS T I T S TR T N \.ﬁ ]
0 5 10 15 20 25 30 35
z [m]

15 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il



THz — most demanding experiment

Eryz~F(w,0,)N?

SRF gun delivers 4 MeV beam with 200 - 250 pC
CW operation with 10, 50, 100, 250 kHz rep.-rate

acceleration to 26 MeV, imprint of correlated
energy spread and compression to some 100 fs

THz radiation with frequencies 0.05 - 2.5 THz
pulse energies <10ud (1 THz), few pd (2.5 THZz)
pulse energy fluctuations are typ. 3.5 %

synchronization to external systems typ. 75 fs
(including the laser jitter, w/o feedback)

15 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il

oy [ps]

acceleration energy compression

on-crest correlation l
linac 1 linac 2 to TELBE (THz) /'

IR FELs
Cl1 c2 Cc3 C4 chicane 2

X
T aid m“"ﬁﬁi“;‘-%‘ﬁﬁ“fd{jléﬁi— hCD—i}Eﬁ-,’-Q—é-{ijﬁ-ﬁ-@E-H-‘tmo@-’-i}i—?—’»—-‘,-‘-o—é to nELBE

& ' &
gﬁ“ dogleg chicane 1 unggloa;or PELBE
- i-E-DOD-¥—
SRF gun diffraction undulator
radiation radiation
T 7T T T T T T T T T T T T T T T T
5 F -
(0]
/
4 H—F—1— = |+
LI~ O |
ol T ;
o i g S laser phase N y
ol 2 35° e
—l 3 -
1 o ———45°
la—SRF Gun —50° THz radiator \\ i
0 PR I R PR T T I AT T TN TR [N T TR TR T (TN | NN T TN T TN TN T T N L1
0 5 10 15 20 25 30 35
z [m]
T T T T T T
10 9 - 5000 RS jter = 7515 RMS pulse energy fluctuat\on =35%
9 4000
° 4000
= 3 °e
i e o 9 . . 3000
3 0@ < 3000 €
o ) 2000
2z %0 ° [+ 2000
o 1 °
oo 1000 1000
o
o«rcourtesy J. Deinert 9 1 , N N .
05 10 15 20 25 30 -02 01 0,0 (3] 02 03 048 046 044 042 040 038 036 034

timing jitter, ps pulse energy, a.u.

Frequency [THz]



acceleration energy compression

THz — most demanding experiment on s it l
linac 1 linac 2 IRtFOELs TELBE (THz) \,
Cl C2 bﬁw C3 C4 ( chicane 2 /
2 ot D 088 -0 & A e -0 0- - -8 Dy 0BT 0-—  toneLee
ETHZ,VF((U, O-Z)N -;:Ogleg 800+ aacmcama-:) 080+ §- 0008 gy pro-E- gzngg';:;:f - o et
-0
S g oo et
* SRF gun delivers 4 MeV beam with 200 - 250 pC
L I T T rrrrrrr T r I T
+ CW operation with 10, 50, 100, 250 kHz rep.-rate ST ] 2 ]
L 5 |
* acceleration to 26 MeV, imprint of correlated 4 7: T 5]
energy spread and compression to some 100 fs 7 3 ,/Z T~ _
« THz radiation with frequencies 0.05 — 2.5 THz s, [ g 3 /aser phase p i
- S 5 - |
« pulse energies <10ud (1 THz), few pd (2.5 THz) 1 L 2 ——45° _
| la—SRF Gun —50° THz radiator ~—\-
* pulse energy fluctuations are typ. 3.5 % Po B R P Y P I T A S I TR TP S
e 0 5 10 15 20 25 30 35
» synchronization to external systems typ. 75 fs z [m]
(including the laser jitter, w/o feedback) e
10 'Y 5000 RMS pulse energy fluctuation = 3.5 %
LI o 4000
° 4000
100% of all THz shifts and up to 40% of all ELBE % o8 °9; ° ° o w0
user shifts (4500h w/o MD) are served by SRF gun . e 2
8 KN 20 o ° 2000 2000
J. Teichert et al. PRAB 24, 033401 (2021) . o oo " E
rcourtesy J. Deinert o1 | oLl
15 19.08.2023 Operational experience from 8 years of ELBE SRF gun Il 05 10 15 20 25 30 048 046 044 042 040 038 036 034

Frequency [THz] timing jitter, ps pulse energy, a.u.



Outlook - SRF Gun Il

Goal: (re-)establishing 30 MV/m of old SRF gun | by using HZB infrastructure

v

v
v
v

16

high pressure rinsing (HPR) with special nozzle for gun cavities

cavity cleanroom assembly of all auxiliaries for vertical test
achieved 30 MV/m in small test dewar in HoBiCaT bunker
in parallel, the cryomodule was completed and cold tested
cold mass cleanroom assembly at HZB or HZDR “just” missing

E, [MV/m]

0,0 5,3M 10,6M 16,0M 21,3M 26,6M 31,9M
— 0,40

—
m
iy
-

J7@ intrinsic Q0, meas. 3rd Nov. 22
]| * radiation, meas. 3rd Nov. 22
1—=_—30 W limit

0,35

©
8
[1u/Ag] Aey-x

1E10 * T T [ t I
] L4 | - 0,25

intrinsic quality factor, Q,

- % L 0,20

s 0,15
1E9 4 I I I |

Fe . L
—cath _ 18 - E,..=118MV/E=314MVim 0,10

=26 7 "
E. : ‘ 0,05

1E8 —h—h—* . Ak
0,0 2,0M 4,0M 6,0M 8,0M 10,0M 12,0M
E.c. [MV/m]

HPR with special
gun nozzle

HZB Helmholtz

Zentrum Berlin

cavity ready for vertical test

SRF gun lll cold test in
the bunker (w/o cavity)

ﬂ Ll -
DRESDEN e
concept kﬂ‘ H‘Dn



Outlook - SRF Gun lll for 1nC

17

ASTRA tracking and Pareto optimization for transverse and long. emittance at 4 m, beam size < 5mm, no particle loss

Many knobs: solenoid field, long. laser pulse length, transverse laser size (top hat), cathode position (-4 to 0 mm), RF

phase (10°-90°), DC field (£5kV); only solenoid position (0.7 m) and cavity field (30 MV/m) are fixed

50% higher gradient would allow 5 times higher

. 12 5 ° i 2,8
bunch charge at the same transverse emittance 3 ! ° Gaussian Laser
and ideally up to 25 times higher THz pulse energy = . 3 5 »  Flat Top Laser 26
© 104 * |
1 nC in CW is basic requirement for ELBE successor S * % 5 2s
DALI (Dresden Advanced Light Infrastructure) £ 1 ; £
= 8 1 | Lo =
€ : 5.1 mm mrad _g
g % | F19 g
S 67 ) : 2.9 mm mrad 3
Q i 17 9
S) ! 2
-C. 44 | L 14 o
: s
SPEAZ2 algorithm provided by J. Vélker and E. Panofski 8 E L ° %womy 12
Eva Panofski, Beam Dynamics and Limits for High Brightness, 2 1 ! [
High Average Current Superconducting Radiofrequency (SRF) ! 007
T T T )

Photoinjectors, Humboldt-Universitat Berlin, thesis, 2019. ) J ' J ' J
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