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LCLS-Il Technical Parameters

Performance Measure Threshold Objective
Variable gap undulators 2 (soft and hard x-ray) 2 (soft and hard x-ray)
| Superconductinglinac-based FELsystem |
Superconducting linac electron beam energy 3.5 GeV =4 GeV
Electron bunch repetition rate 93 kHz 929 kHz
Superconducting linac charge per bunch 0.02 nC 0.1 nC
Photon beam energy range 250-3,800 eV 200-5,000 eV
High repetition rate capable end stations 21 > 2
FEL photon quantity (10-3 BW) per bunch 5x108 (10x spontaneous) @2,500 eV >10" @ 3,800 eV
Normal conducting linac-based system
Normal conducting linac electron beam energy 13.6 GeV 15 GeV
Electron bunch repetition rate 120 Hz 120 Hz
Normal conducting linac charge per bunch 0.1 nC 0.25nC
Photon beam energy range 1-15 keV 1-25k eV
Low repetition rate capable end stations > 2 >3
FEL photon quantity (10-3 BW?) per bunch 1070 (lasing @ 15 keV) >10"2 @ 15 keV

s:_,%\s D. Gonnella, LCLS-1l Commissioning 5



LCLS-Il Technical Parameters

Performance Measure Threshold Objective
Variable gap undulators 2 (soft and hard x-ray) 2 (soft and hard x-ray)
Superconducting linac electron beam energy 1 3.5 GeV =4 GeV
Electron bunch repetition rate | 93 kHz 929 kHz
Superconducting linac charge per bunch § 0.02 nC 0.1 nC
Photon beam energy range 250-3,800 eV 0-5,000 eV
High repetition rate capable end stations > 1 =2
FEL photon quantity (10-3 BW) per bunch 5x108 (10x spontaneous) @2,54 >10" @ 3,800 eV
Normal conductina linac-based systt.
Normal conducting linac electron beam energy I/ 13.6 GeV Y 15 GeV
Electron bunch repetition rate 120 Hz \ 120 Hz
Normal conducting linac charge per bunch 0.1 nC \ 0.25nC
Photon beam energy range 1-15 keV 1-25k eV
Low repetition rate capable end stations 22 L =3 J
FEL photon quantity (10-3 BW?) per bunch 1019 (lasing @ 15 keV) >10"2 @ 15 keV
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LCLS-Il Technical Parameters

Performance Measure

Threshold

Objective

Superconducting linac electron beam energy

2 4 GeV

Electron bunch repetition rate

929 kHz

Superconducting linac charge per bunch

0.1 nC
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LCLS-Il Technical Parameters

Performance Measure Threshold Objective

Superconducting linac electron beam energy 24 GeV

Electron bunch repetition rate 929 kHz
Superconducting linac charge per bunch 0.1 nC

Parameter LCLS-II

# 1.3 GHz CMs 35
Operating Gradient 16 MV/m
Required Q, at Operating Gradient 2.7x1010

SL,%\G D. Gonnella, LCLS-Il Commissioning 6



LCLS-Il Technical Parameters

Performance Measure Threshold Objective

Superconducting linac electron beam energy 24 GeV

Electron bunch repetition rate 929 kHz
Superconducting linac charge per bunch 0.1 nC

Parameter LCLS-II

Required Q, at Operating Gradient 2.7x1010
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Nitrogen-Doping for LCLS-II

Average Q, vs E Performance

* LCLS-Il constructed 373 nitrogen-
E doped 1.3 GHz cavities

* All cavities were produced with
the 2/6 nitrogen-doping protocol

2 . ]  Significant procedural

! improvements were made along
_ the way to achieve reliable good
Avg Cavity Q, vs E j performance

% LCLS-Il Spec ' (flux expulsion, fabrication techniques)

0 5 10 15 20 25 30
E__ (MV/m)
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Nitrogen-Doping for LCLS-II

Average Q, vs E Performance

Characteristic .
anti-Q slope PRI © . LA T o * LCLS-Il constructed 373 nitrogen-
; ot Tl et ey, ) doped 1.3 GHz cavities
°F R e | ] * All cavities were produced with
DOD - N W R, | the 2/6 nitrogen-doping protocol
e 2 . - * Significant procedural
i ' improvements were made along
j _ the way to achieve reliable good
j Avg Cavity Q, vs E j performance
X LCle'” Spec . | B (flux expulsion, fabrication techniques)
10IIII5IIII10IIII15IIII20 25 30
E___ (MV/m)
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Nitrogen-Doping for LCLS-II

Average Q, vs E Performance

|
n | B e B, | q, of ~3.3x10%
Cani:?(c;:{:,:t: L agaaaniEA at16MV/m . | C1S-I| constructed 373 nitrogen-
T et Tl Rt e, —_— doped 1.3 GHz cavities
BT et |+ Allcavities were produced with
F § Rl 4, o = T the 2/6 nitrogen-doping protocol
ek, - * Significant procedural
1 ' improvements were made along
_ the way to achieve reliable good
j Avg Cavity Q, vs E j performance
K LCle'” Spec . | | | ' (flux expulsion, fabrication techniques)
10IIII5IIII10IIII15IIII20IIII25IIII30
E__ (MV/m)
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Nitrogen-Doping for LCLS-II

Average Q, vs E Performance

o tF — Q, of ~3.3x10%°
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Installation & Cool Down



Cryomodule Installation

Last CM (spare) Delivered in May 2021
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For more details see D. White MOPMBO089
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Cryomodule Installation

CM Installation Complete

Last CI;/I (spare) Dellvgred in May 2021 February 2021
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Linac-Cryoplant Schematic

Cryoplant
#1

04050607 080910111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
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Linac-Cryoplant Schematic

Cryoplant
#1

131415 16 17 18 19 20 1 22 23 24 25 26 27 28 29 30 31 32 33 34 35




Linac-Cryoplant Schematic

Cryoplant
#1

FC FC
I
4 5

04050607 080910111213 1415

s._,_\-\; D. Gonnella, LCLS-1l Commissioning



Linac-Cryoplant Schematic

Cryoplant
#1

FC EC
e
6 2

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
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Cool Down & Pump Down to 2 K

Cavity Temperatures

Temperature [K]
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During Cool Down
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For more details see MOPMB087
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 Cool down of the entire linac was
completed in ~5 days!
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Cool Down & Pump Down to 2 K

Cavity Temperatures

Temperature [K]

During Cool Down * Cool down of the entire linac was
completed in ~5 days!

300 T

250 A

* Arate of 2-3 K/hour was maintained over
that duration
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For more details see MOPMB087
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Cool Down & Pump Down to 2 K

Cavity Temperatures

Temperature [K]
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For more details see MOPMB087
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Cool down of the entire linac was
completed in ~5 days!

A rate of 2-3 K/hour was maintained over
that duration

Cool down was near-fully automated by
the cryogenic controls system
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Cool Down & Pump Down to 2 K

Cavity Temperatures

Temperature [K]
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Cool down of the entire linac was
completed in ~5 days!

A rate of 2-3 K/hour was maintained over
that duration

Cool down was near-fully automated by
the cryogenic controls system

* CD valves were used to maintain rate and
safe temperature gradients across the linac
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Cool Down & Pump Down to 2 K

Cavity Temperatures

Temperature [K]
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Cool down of the entire linac was
completed in ~5 days!

A rate of 2-3 K/hour was maintained over
that duration

Cool down was near-fully automated by
the cryogenic controls system

* CD valves were used to maintain rate and
safe temperature gradients across the linac

After multiple attempts, stable operation
at 2 Kwas achieved only 11 days later



Fast Cool Down

e Fast cool down of the cavities
is critical to achieve High-Q,

* This is especially challenging in
the installed linac where CMs

cannot be cooled/warmed
independently

* Special tools were developed
to automate this process to
make it robust and repeatable

SLAC Coloring based on actual temperature data during FCD 13




Fast Cool Down

Temperature (K)

0 20 40

Cryoplant

60 80
1 #

Warm Up

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Time Since Start: 0.00 hours

SLAC Coloring based on actual temperature data during FCD 13




Fast Cool Down Results

AT at NC/SC Transition

ATatT

14

12
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[ IFNAL 25 g/s

I FNAL 47 g/s

I FNAL 80 g/s

l |SLAC Initial Cool Down
[ | SLAC Fast Cool Down

Cavl Cavl Cav4 Cav4
Celll Cell9 Celll Cell9

Cav s
Cell 1

Cav5 Cav@8
Cell9 Celll

Cav 8
Cell 9
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D. Gonnella, LCLS-1l Commissioning

*  What we really care about is the cool down gradient not the
rate — faster usually means larger gradients

* Twoinstalled CMs have temperature sensors located on the
cavity cells

* Gradients from the SLAC fast cool down and testing at FNAL
could be compared to gauge how “successful” we were

Al
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Fast Cool Down Results

AT at NC/SC Transition

ATatT

o

14

1

[CTIFNAL 25 g/s

1k B FNAL 47 g/s

I FNAL 80 g/s

[ ISLAC Initial Cool Down
10 SLAC Fast Cool Down

ii

Cavl Cavl Cav4 Cav4 Cav5 Cav5 Cav®
Celll Cell9 Celll Cell9 Celll Cell9 Celll

Cav 8
Cell 9

()

L,%\G D. Gonnella, LCLS-Il Commissioning

What we really care about is the cool down gradient not the
rate - faster usually means larger gradients

Two installed CMs have temperature sensors located on the
cavity cells

Gradients from the SLAC fast cool down and testing at FNAL
could be compared to gauge how “successful” we were

Non-optimized cool down results in lower AT than achieved
at the test stands

14



Fast Cool Down Results

AT at NC/SC Transition

*  What we really care about is the cool down gradient not the
rate - faster usually means larger gradients

ATatT

o

14

1

[CTIFNAL 25 g/s

I FNAL 47 g/s

I FNAL 80 g/s

[ ISLAC Initial Cool Down
10 + [ SLAC Fast Cool Down

12 -

Cavl Cavl Cav4 Cav4 Cav5 Cav5 Cav®
Celll Cell9 Celll Cell9 Celll Cell9 Celll

* Twoinstalled CMs have temperature sensors located on the
cavity cells

* Gradients from the SLAC fast cool down and testing at FNAL
could be compared to gauge how “successful” we were

* Non-optimized cool down results in lower AT than achieved
at the test stands

* Fast cool down process produces similar gradients to FNAL
CMTF

Cav 8
Cell 9

Sufficient cool downs for High Q, achieved at SLAC

()
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Fast Cool Down Results

AT at NC/SC Transition

ATatT

o

14

1

[CTIFNAL 25 g/s

I FNAL 47 g/s

I FNAL 80 g/s

[ ISLAC Initial Cool Down
10 + [ SLAC Fast Cool Down

12 -

Cavl Cavl Cav4 Cav4 Cav5 Cav5 Cav®
Celll Cell9 Celll Cell9 Celll Cell9 Celll

Cav 8

Cell 9

What we really care about is the cool down gradient not the
rate - faster usually means larger gradients

Two installed CMs have temperature sensors located on the
cavity cells

Gradients from the SLAC fast cool down and testing at FNAL
could be compared to gauge how “successful” we were

Non-optimized cool down results in lower AT than achieved
at the test stands

Fast cool down process produces similar gradients to FNAL
CMTF

We are now able to routinely achieve similar temperature
gradients across the cavities to what was achieved during
CM testing

Sufficient cool downs for High Q, achieved at SLAC

()

L,%\G D. Gonnella, LCLS-Il Commissioning
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Cavity Commissioning Results
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Cavity Commissioning Process

Each individual cavity went through an identical
checkout process:

1. Checkout of support systems (SSAs, LLRF, etc.)
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Cavity Commissioning Process

Each individual cavity went through an identical
checkout process:

1. Checkout of support systems (SSAs, LLRF, etc.)

2. Checkout of auxiliary components (tuner, piezos,
coupler, etc.)

16

7
!D
)

5-
(

° D. Gonnella, LCLS-Il Commissioning



Cavity Commissioning Process

Each individual cavity went through an identical
checkout process:

1. Checkout of support systems (SSAs, LLRF, etc.)

2. Checkout of auxiliary components (tuner, piezos,
coupler, etc.)

3. Gradient and field emission characterization

Placement of radiation sensors is similar
but not identical to placement during CM
° D. Gonnella, LCLS-Il Commissioning acceptance testlng
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Cavity Commissioning Process

Each individual cavity went through an identical
checkout process:

1. Checkout of support systems (SSAs, LLRF, etc.)

2. Checkout of auxiliary components (tuner, piezos,
coupler, etc.)

3. Gradient and field emission characterization

4. Individual and full CM stability demonstration

* 1 hour run for single cavities to define usable

gradient
e 12 hour full CM test

Placement of radiation sensors is similar
but not identical to placement during CM
° D. Gonnella, LCLS-Il Commissioning acceptance testlng
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Overall SRF Commissioning Status

Gradient Performance

Count

* Cryomodule commissioning has been very
successful

100 A

I standard Commissioning
[N Multipacting Processed
= == LCLS-Il Spec

80

« 97% of installed cavities fully operational
(planned 94%)

60

40 A

* Majority of testing included an admin
limit of 18 MV/m

20

5 10 15 20

Commissioned Gradient [MV/m]

SL,%\G D. Gonnella, LCLS-Il Commissioning 17



Overall SRF Commissioning Status

Gradient Performance

Count

100 -

I standard Commissioning
[N Multipacting Processed
= == LCLS-Il Spec

80

60

40

20

5 10 15 20

Commissioned Gradient [MV/m]

Cryomodule commissioning has been very
successful

97% of installed cavities fully operational
(planned 94%)

Majority of testing included an admin
limit of 18 MV/m

Total commissioned voltage
exceeds design by >20%

Total Commissioned Cavity Voltage: 4.9 GV

Tk, D.Gonnella, LCLS-Il Commissioning
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Gradient Performance

Comparison with Acceptance Test * Gradient performance is in line with CM acceptance test

SLAC Commissioned Gradient [MV/m]

measurements at FNAL and JLab

N
()]
]

B Standard Commissioning
B Multipacting Processed

20
E E EN
m
15
m J P i
10 o o
y
Wy
m o
5 ,
0+ T T T T 1
0 5 10 15 20 25

Partner Lab E _ [MV/m]
use

Admin limits:

e 18 MV/m in commissioning
21 MV/m in acceptance test

SLH\, D. Gonnella, LCLS-Il Commissioning 18



Gradient Performance

Comparison with Acceptance Test

SLAC Commissioned Gradient [MV/m]

N
()]
]

B Standard Commissioning
B Multipacting Processed

N
o
L

o
H
L
=

=
o

[

.
]

(@]
L

o

0 5 10 15 20 25
Partner Lab Euse [MV/m]

Admin limits:

e 18 MV/m in commissioning
21 MV/m in acceptance test

SLH\, D. Gonnella, LCLS-Il Commissioning

Gradient performance is in line with CM acceptance test

measurements at FNAL and JLab

No observable change in field emission onsets or

magnitude from installation

* Remarkable achievement by the SLAC

installation team

Change in FE Onset

Count

-50 0

% Change in FE Onset from PL to SLAC

50
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Multipacting Processing

Multipacting identified as a gradient limitation for
LCLS-I1I cavities late in CM production

Observed as a short term stability at gradient in the
band of 17-23 MV/m

sL,%\G D. Gonnella, LCLS-II Commissioning

19
For more details see A. Cravatta MOPMB063



Multipacting Processing

« Multipacting identified as a gradient limitation for Repeated quenches
LCLS-Il cavities late in CM production /\
* Observed as a short term stability at gradient in the 50 | | % | A I -
band of 17-23 MV/m R R
* Processing techniques developed and tested by g 15 1
LCLS-11-HE team and applied to a subset of cavities E ! B
in the installed linac £ 10 1 | .
. . o > t Stability achieved
* Consists of repeatedly quenching the cavity in § | after ~35 minutes
CW mode with limited time (few seconds) for 51 RN
recovery -h;IuItipacting Band : pih ¢ ziadd
0 1 FHEETH LR | |
0 5 10 15 20 25 30 35 40
Time (min)
sL,%\G D. Gonnella, LCLS-1l Commissioning 19

For more details see A. Cravatta MOPMB063



Multipacting Processing

Multipacting identified as a gradient limitation for
LCLS-Il cavities late in CM production

Observed as a short term stability at gradient in the
band of 17-23 MV/m

Processing techniques developed and tested by
LCLS-11-HE team and applied to a subset of cavities
in the installed linac

* Consists of repeatedly quenching the cavity in
CW mode with limited time (few seconds) for
recovery

Multipacting has not returned after >3 months -
effects of processing persist through thermal cycles

L,%\G D. Gonnella, LCLS-Il Commissioning

()

Repeated quenches

20 /\ .1 p—t
4 . -
= i
(O] :
- | 17
1] A
> Stability achieved
® : after ~35 minutes
B : TR
I Multipacting Band “ !
0 1 FHEETH LR | |
0 5 10 15 20 25 30 35 40

Time (min)

19
For more details see A. Cravatta MOPMB063



Multipacting Processing

Multipacting identified as a gradient limitation for Repeated quenches
LCLS-Il cavities late in CM production

Observed as a short term stability at gradient in the
band of 17-23 MV/m p—

N
o

Processing techniques developed and tested by
LCLS-11-HE team and applied to a subset of cavities
in the installed linac

—_
(8]

Stability achieved
after ~35 minutes

=
o

Cavity Gradient (MV/m)

* Consists of repeatedly quenching the cavity in
CW mode with limited time (few seconds) for
recovery

a

I \ultipacting Band j

Multipacting has not returned after >3 months - o 5 10 15 20 95 30 35 40
effects of processing persist through thermal cycles Time (min)

Tk, D.Gonnella, LCLS-Il Commissioning 19

For more details see A. Cravatta MOPMB063



Cavity Limitations

Il Admin
FE

[ |Other
I Quench

23%

53%

21%

2%

80% of cavities reach 216 MV/m

s:_,%\s D. Gonnella, LCLS-1l Commissioning

The majority of cavities were limited by quench below
the admin limit of 18 MV/m

* [tissuspected that many of these are limited by
multipacting which could be processed

About one-quarter of the cavities reached the admin
limit

About one-fifth of the cavities were limited by field
emission

20



Cavity Limitations

23%

21%

Il Admin
FE

[ |Other
I Quench

53%

80% of cavities reach 216 MV/m

ol A7

O\, D.Gonnella, LCLS-Il Commissioning

The majority of cavities were limited by quench below
the admin limit of 18 MV/m

* [tissuspected that many of these are limited by
multipacting which could be processed
About one-quarter of the cavities reached the admin
limit
About one-fifth of the cavities were limited by field
emission
The remaining 2% of cavities are unable to be used:

e 2 cavities: poor contact between coupler warm and
cold ends

* 4 cavities: tuners not functioning properly

* [tisexpected that all 6 of these cavities could be

repaired in situ at room temperature
20



The Qg that was promised...

* Due to the strong coupling in the CM, Q, is
measured cryogenically

S! A% D Gonnella, LCLS-1l Commissioning For more details see L. Zacarias MOPMB090
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The Qg that was promised...

Average CM Q, * Due to the strong coupling in the CM, Q, is
measured cryogenically

* Full CM average Q, results look promising

« Across the linac an average of 2.8x1019 has been
observed, exceeding the spec of 2.7x1010

[ IDegaussed CMs
~ == LCLS-Il Spec

Avg Q), Fast CD

! A% | Gonnella, LCLS-Il Commissioning For more details see L. Zacarias MOPMBQ090 21
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The Qg that was promised...

Average CM Q, * Due to the strong coupling in the CM, Q, is
measured cryogenically

* Full CM average Q, results look promising

« Across the linac an average of 2.8x1019 has been
observed, exceeding the spec of 2.7x1010

* Low performers can likely be improved by
additional CM degaussing

[ IDegaussed CMs
= LCLS-Il Spec
Avg Q), Fast CD

S A% D Gonnella, LCLS-Il Commissioning For more details see L. Zacarias MOPMBQ090 21



The Qg that was promised...

Average CM Q, * Due to the strong coupling in the CM, Q, is
measured cryogenically
* Full CM average Q, results look promising
T i
| « Across the linac an average of 2.8x101° has been
observed, exceeding the spec of 2.7x1010
* Low performers can likely be improved by
[—Degaussed CMs additional CM degaussing
LCLS-II Spec
Avg QO, Fast CD
@ Demonstrates High Q, in an

installed linac for the first time

S! A% D Gonnella, LCLS-1l Commissioning For more details see L. Zacarias MOPMBQ090 21



Effect of Degauss on Q,

* The two worse cavities in terms of Q, were degaussed
during the recent room temperature warm up

e
A

Sl Q, Before Q, After Piss SAvings B "V Degauss Coils > 8
Degauss Degauss at 16 MV/m " - -
- : / »* i S
CM18 1.3x10%0° :
CM27* 1.0x10%0°

*CM27 was made of 100% TD/800 cavities with bad flux expulsion characteristics

SL,%\S D. Gonnella, LCLS-Il Commissioning 22



Effect of Degauss on Q,

* The two worse cavities in terms of Q, were degaussed
during the recent room temperature warm up

* Significant improvement in Q, was observed compared
to before degaussing

.-"--.-_.-""'—

Cryomodule Q, Before Q, After P, Savings it Degauss Coils |

&

Degauss Degauss at 16 MV/m
CM18 1.3x10%0° 3.4x101%0 104 W

CM27* 1.0x10%0 2.6x101° 134 W
*CM27 was made of 100% TD/800 cavities with bad flux expulsion characteristics NOmlnaI heat IOad fOr 1 CM:

80 W

O\, D.Gonnella, LCLS-Il Commissioning



Effect of Degauss on Q,

* The two worse cavities in terms of Q, were degaussed
during the recent room temperature warm up

* Significant improvement in Q, was observed compared
to before degaussing

* We have now degaussed 4 CMs, with an average Q, of
3.1x10'° compared to 2.7x10%° for those not degaussed

* For HE, degaussing of all CMs, including already
installed LCLS-Il CMs NEEDS to be included in the plan

.-"--. e "E“%
: S

7" Degauss Coils

=

Cryomodule Q, Before Q, After P, Savings

Degauss Degauss at 16 MV/m
CM18 1.3x10%0° 3.4x101%0 104 W

CM27* 1.0x10%0 2.6x101° 134 W
*CM27 was made of 100% TD/800 cavities with bad flux expulsion characteristics NOmlnaI heat IOad fOr 1 CM:

80 W

O\, D.Gonnella, LCLS-Il Commissioning



Microphonics Performance

Peak Detuning Over 3 Hours

Number of Cavities

= = = Peak Detuning Spec

10 Hz spec defined by
available SSA power (4 kW)

Overall, microphonics performance in the
linac has been excellent

94% of cavities show peak detuning below
the 10 Hz specification

Only 2 cavities currently have gradients
limited by microphonics

20 A ; — 7 . . e ey
and choice of Q,,, = 4x10 Primary source of gradient-limiting
10 A . . .
microphonics is leaky cool down valves
0 a T 11 1
0 5 10 15 20 25 30 35 40
Peak Detune in 3 Hour Scan (Hz)
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Injector Beam Emittance

LCLS
RF Gun

LCLS-II Yain Soft X-ray
RF Gun Superconducting Accelerator Warm Accelerator Undulator Near Hall | Far Hall

ey o

— = =

-~

T . N N

L1 L2 L3 — f /

Sector 5

Hard X-ray
Undulator Hutches
Sector O Sector 30 Beam

Soft X-ray Beamline Superconducting Dumps
Hard X-ray Beamline Crossover
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Injector Beam Emittance

Superconducting Accelerator

_ —
L1 L2

Sector 5

Sector O
Soft X-ray Beamline

Hard X-ray Beamline

s._,-\-‘_, D. Gonnella, LCLS-II Commissioning

Sector 30

Soft X-ray
Undulator

Hard X-ray
Undulator

Superconducting
Crossover

Beam
Dumps

Near Hall

Hutches

Far Hall
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Injector Beam Emittance

/ UV Laser ® Wire—Scanne\
c 257.5 nm 2 e © OTR Screen
S . . @ YAG Screen
S 1030 nm Cglllm?tlho_n @ Bunch Length
o 1.3 GHz heater 120-Hz and matching
I undulator

Kicker . II II. —> 11

. S REr I. 1.3—GHZSRFI
8 cavities ©
. CMO01
Dl o im | I THT,

energy ] . /
collimator S-band Screens, Dump &
100 MeV TCAVxX e Faraday /

SOL2

75 MeV

/&

(deferred) Cup

g
?)
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Injector Beam Emittance

/ UV Laser ® Wire—Scanne\
c 257.5 nm IR Laser © OTR Screen
3 1030 nm Cg'“m?tﬁ?” . ;Sr?cic{gﬁgth
LL heat ana matching
o u §'3 S 1.3-GHz SRF — 120-Hz
uncher I . I I undulator Kicker I I I I
8 cavities . © . —_ |1
] BT I THT
> AN
: 5 -
Z 5 o collimator S-band Screens, Dump &
N 100 MeV wires Faraday
. TCAVX C
{ (deferred) up /
Emittance Scan on OTRS:HTR:330 Normalized Phase Sp?ce
E ) o 1 \ . a q
S0 \/ 2 Dimension Emittance (um)
% 200 E 0
g 5]
Ve, 0.58 + 0.02
0 ;
-25UA]3-:2]—ITR:-1123:BD]-EIS (k(.}(;s Norm. Positon Y€y 0.56 + 0.02
2800 §
=600 ®
g < [ ] [ ] [ ]
@ 400+ ]
50 pC beam || 2 H Excellent Injector Emittance Achieved
o1 A7 0 25 2 15 -1 -05 -1 0/{ 1 25
T M\ QUAD:HTR:120:BDES (kG) Norm. Position




Demonstration of 3.5 GeV Beam

1. Stable 3 GeV beam to BSY achieved on Total Cavity Voltage

4
Q.3 I ““ m
o
[®)]
8
: =
027
©
c
£
8
P11
l—" T T T T T T
Nov 02 Nov 09 Nov 16 Nov 23 Nov 30 May 15 May 29 Jun 12
2022 2023
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Demonstration of 3.5 GeV Beam

Stable 3 GeV beam to BSY achieved on
10/28

Stable 3.5 GeV beam (on crest) to BSY
achievedon 11/8

Ran stably through end of November

s%_,%\s D. Gonnella, LCLS-Il Commissioning

Total Cavity Voltage

w
1

Total Linac Voltage (GV)
N

—
|

Al

2

WW m

=)

Nov 02

Nov 09

Nov 16

Nov 23 Nov 30 May 15
2022

May 29
2023

Jun 12
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Demonstration of 3.5 GeV Beam

1. Stable 3 GeV beam to BSY achieved on Total cavity Voltage

10/28
2. Stable 3.5 GeV beam (on crest) to BSY i S 2 N\ 3

achieved on 11/8 1 y[r r

e Ranstably through end of November %3 . W n

3. 3.5GeVbeamwithL1andL2atnominal | = | -

phase (off crest) at end of November :é

Novl;; N0\|/ 09 NO\I/ 16 NO\I/ 23 NO\I/ 30 Ma)ll 15 Ma)I/ 29 Jun 12
2022 2023
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Demonstration of 3.5 GeV Beam

1. Stable 3 GeV beam to BSY achieved on Total Cavity Voltage
10/28

2. Stable 3.5 GeV beam (on crest) to BSY i S 2 N\ 3

achieved on 11/8 | 1 W“ 4 r

Ranstably through end of November

w

3. 3.5GeVbeamwith L1 and L2 at nominal
phase (off crest) at end of November

Total Linac Voltage (GV)
N

—
|

4. Loweredto 3 GeV for remaining beam
tasks until December break

Al

Nov 02 Nov 09 Nov 16 Nov 23 Nov 30 May 15 May 29 Jun 12
2022 2023
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Demonstration of 3.5 GeV Beam

1. Stable 3 GeV beam to BSY achieved on
10/28

Total Cavity Voltage

2. Stable 3.5 GeV beam (on crest) to BSY m S 2 N\ 3 5

achieved on 11/8 | 1 W“ 4 r

Ranstably through end of November

w

3. 3.5GeVbeamwith L1 and L2 at nominal
phase (off crest) at end of November

Total Linac Voltage (GV)
N

—
|

4. Loweredto 3 GeV for remaining beam
tasks until December break

Al

5. Followingrestartin May 2023, 3.5 GeV Nov02 ~ Nov09  Nov16  Nov23  Nov30 May 15 May 29 Jun 12

. 2022 2023
beam has been used exclusively
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93 kHz Operation

» Repetition rate was ramped up to 93 kHz on 6/7 for the first
time

* Subsequent measurements were carried out at half the rate
but at same beam power for additional testing

 Thiswas the last KPP for the linac

100 160
S S Repetition Rate
2 ol *  Bunch Charge
N 150
80 [,
¥ %)
= T 10 e
o 60 (0]
T 2
< g
& )
2 40F =
9 2
o i 5
04 m
201 pR
O j il | 1 I 1 1 0
15:15 15:30 15:45 16:00 16:15 16:30 16:45 17:00
Time Jun 07, 2023

Pulse Spacing Measurement on Last BPM

101

B ..... ..... ®
8 3 *%,00, ° ?
©]
&
> =
0_6
m
C
o
3 4
©
L
®)
2_
0 Il 1} L |
0 50 100 150 200

Time from First Pulse (us)

Spacing of ~10.7 us between pulses

demonstrates 93 kHZ
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SC Linac Commissioning Accomplishments & Remaining Tasks

Linac Commissioning

Injector &

LD Bypass BSY LTU EBD FEE
Cryoplant & crve a v i e
distribution e
LCLS-1
L
Dumps
Sector 0 el s L Sector 10 or 20 e Undulators
(LD, L1, L2, 13) Dogleg .
joined by warm
beamline sections
0 500 1000 1500 2000 2500 3000 3500

Z(m)

Emnd
Stations
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SC Linac Commissioning Accomplishments & Remaining Tasks

Linac Commissioning

v Established the first-time beam through the three main
SC linac sections (L1B, L2B, and L3B) in October 2022

Emnd
Stations

Sector 0 SRF Cryomadules ector r ea r Undulators

beamline sections

L] 500 1000 1500 2000 2500 3000 3500 71



SC Linac Commissioning Accomplishments & Remaining Tasks

Linac Commissioning

v Established the first-time beam through the three main
SC linac sections (L1B, L2B, and L3B) in October 2022

v' 3.5 GeV beam transported to BSY dump in November
2022

Lacg e g el e et an g e e D e o D e

ension nne vaass line

Sector 0

SRF I’.‘rvcrmules Sector 10 Sector 20 Beam //—- Sector 30 Undulators

beamline seciions-

500 1000 1500 2000 2500 3000 3500

Emnd
Stations
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SC Linac Commissioning Accomplishments & Remaining Tasks

Linac Commissioning

v Established the first-time beam through the three main
SC linac sections (L1B, L2B, and L3B) in October 2022

v' 3.5 GeV beam transported to BSY dump in November
2022

v' Record injector performance has been demonstrated

LO Cryoplant & cryo Bypass BSY LTU
distribution X v ‘ Al v A Y_&Y_A-Y_H

Emnd
Stations

SRF Cryomodules
(LO, L1, L2, I3)
joined by warm
beamline sections

Undulators

L] 500 1000 1500 2000 2500 3000 3500 73



SC Linac Commissioning Accomplishments & Remaining Tasks

Linac Commissioning

v Established the first-time beam through the three main
SC linac sections (L1B, L2B, and L3B) in October 2022

v' 3.5 GeV beam transported to BSY dump in November
2022

v' Record injector performance has been demonstrated

v" Demonstration of repetition rate of 93 kHz in June 2023 Current beam
commissioning progress

Injector &

/ LD Cryoplant 8 cryo B_E{ass

distribution e
| | ’_% \K ________________ ot _ — — End
ension line -..-:"""'" Stations
L1 L2 =  *  bypassimne N g ireiis war
/"' Dumps
Sector 0 SAF Cryomodules Sector 10 or 20 M Sector 3 Undulators
| (LD, L1, L2, L3) Dogleg

Spreader
joined by warm
beamline seciions-

0 500 1000 1500 2000 2500 3000 3500 74
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SC Linac Commissioning Accomplishments & Remaining Tasks

Linac Commissioning Photon Commissioning

v' Established the first-time beam through the three main 1. Beam transport to undulator halls
SC linac sections (L1B, L2B, and L3B) in October 2022

v' 3.5 GeV beam transported to BSY dump in November
2022

2. First photons

v' Record injector performance has been demonstrated

v" Demonstration of repetition rate of 93 kHz in June 2023 Current beam
commissioning progress

Injector &

LD Cryoplant 8 cryo B_E{ass
distribution

/. A? 1 h
4 a
| | | - End
________________ D[ ] [ —-J__.,.,.l-l"'" _pgta:nns
]
N o = ension line vpass Tine /_)l'-_ ::::: =

Dumps
Sector 0 SAF Cryomodules Sector 10 or 20 Beam //»— Sector 3 Undulators
| (LD, L1, L2, L3) Dogleg
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joined by warm
beamline sections
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SC Linac Commissioning Accomplishments & Remaining Tasks

Linac Commissioning Photon Commissioning
v' Established the first-time beam through the three main 1. Beam transport to undulator halls
SC linac sections (L1B, L2B, and L3B) in October 2022 .
2. First photons
v' 3.5 GeV beam transported to BSY dump in November | ]
2022 1

.. Estimate to complete August 2023
v' Record injector performance has been demonstrated

v" Demonstration of repetition rate of 93 kHz in June 2023 Current beam
commissioning progress

Injector &

LD Cryoplant 8 cryo B_E{ass
distribution

/. Ak ¥ 1 h
é | | | ; - End
———————————————— = L — _"'g“:.,,,,
]
f i o ension line vpass Tine /’ ::::: war

Dumps
Sector 0 5RF Cryomodules Sector 10 or 20 Beam //»— Sector 3 Undulators
| (LD, L1, L2, L3) Dogleg

Spreader
joined by warm
beamline sections
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Summary

* Commissioning of the LCLS-I1 linac has progressed very well

« Cavity performance has been excellent with NO DEGRADATION FROM
INSTALLATION

* Average Q, exceeds the LCLS-II specification and demonstrates high-Q, in
an installed linac for the first time

 All linac commissioning milestones have been met, estimate to reach first
light by the end of the summer

sL,%\G D. Gonnella, LCLS-II Commissioning
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Summary

* Commissioning of the LCLS-I1 linac has progressed very well

« Cavity performance has been excellent with NO DEGRADATION FROM
INSTALLATION

* Average Q, exceeds the LCLS-II specification and demonstrates high-Q, in
an installed linac for the first time

 All linac commissioning milestones have been met, estimate to reach first
light by the end of the summer

* This is only the beginning...

sL,%\G D. Gonnella, LCLS-II Commissioning 30



The Future of SRF at SLAC

2023

LCLS-II First Light

L
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The Future of SRF at SLAC

2023-2025

LCLS-Il Science

2023

LCLS-II First Light

<L/®/
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The Future of SRF at SLAC

2023-2025

LCLS-Il Science

2027

LCLS-II-HE First Light

2023
LCLS-II First Light 2025-2026

<L/ LCLS-II-HE Installation
a— 2027+
LCLS-II-HE Science

<-4

o1 AN~
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The Future of SRF at SLAC

2023-2025

LCLS-Il Science

2023

LCLS-II First Light

CL/ LCLS-1I-HE Installation —
a— 2027+

LCLS-II-HE Science

2027
2025-2026

—

2026-2028

SRF Facility

Construction
sLAS D. Gonnella, LCLS-Il Commissioning

LCLS-1I-HE First Light
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2028+

Fundamental SRF R&D
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Special thanks to the entire
LCLS-II collaboration for all their
hard work to make this possible!

hanks for yur attention!
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