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HEE Fromise for a brighter future.

WG3 Goals

Working group focusing on the RF/SRF developments
required for prototype and full scale ERL devices.

1. What are the key SRF challenges for ERLs?

2. What solutions are being investigated and have
already been developed?

3. Which components still need more R&D work?

4. Organise R&D effort, to coordinate studies and
identify possible collaborations.
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WG3 Topic Areas
c ]
e RF Guns (Joint WGH1) e RF Control
- SRF and NC - LLRF
e Cryomodules - HPRF
— Thermal Shielding - Optimisation and
— Magnetic Shielding Limitations
— Microphonics Performance e HOMs and Impedance
_ Thermal Management Management (Joint WG2)
e Cryomodule Components e RF System Optimisation
_ Cavities — Gradient
_ Input Couplers -~ Cryogenic Losses
— Tuners - Cost

— HOM Absorbers
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Talk Breakdown for WG3
]

Scheduled

Un-Scheduled

Institution

Number of Talks

AES

BNL

Cornell

Daresbury

FNAL

FZD

HZB (formerly BESSY)

Jlab

KEK

PKU

1
3
5
2
1
1
1
2
3
1

11 Institutes!

Total

20

ANL

1

HZB (formerly BESSY)

1

PKU

1

Total

23
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Cryomodules
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Cornell ERL injector linac status, S Belomestnykh

100-mA Cornell SRF ERL injector linac commissioning progresses well.

Comprises: NC buncher cavity, SRF accelerating cavities, NC deflecting cavity (pulsed
mode). All at 1300 MHz.

Buncher cavity processed to > 200 kV. Slow conditioning = multipacting in the narrow gap
between tuner plunger and port and small vacuum leaks:

- new tuners are ready for installation, = TiN coating
Deflector cavity = very useful instrument for beam diagnostics.

ICM first cooled in April of 2008, first RF turn on June, first beam in July. 4 mA average
beam current achieved in December.

After conditioning, ICM has total beam cceleration of 13.8 MV. Limited by heat flux in

the chimneys at 2 K and the pump skid capacity at 1.8 K, T T

caused by low intrinsic Q factors of all cavities.

Concern, but not show-stopper. Cause of the low Q is

still under investigation.

Using RF and DC kicks from input couplers = residual

highly non-linear magnetic field inside ICM in vicinity of

cavity 3 = useful aperture extremely small. ICM was

warmed up and area degaussed successfully (confirmed

by beam scans).

Future ICM work will focus on further cavity (FE) and

input coupler (MP) conditioning, microphonics 5-CAVITY
. ) : INJECTOR

compensation studies, and high beam current effects. CRYOMODULE
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ERL — Injector Prototype
nJ o R - photocathode

deflector cryomodule DC gun

beam dump

experimental beam lines

20m 19m 18m 17m 16m 15m 14m 13m 12m 11m 10m om arn 7 &m sm 4m am 2nm im om
| | | | 1 | | | 1 1 | | 1 | | 1 | | | 1 |

= Nominal bunch charge 77 pC

= Bunch repetition rate 1300 MHz

= Beam power 550 kw

= Nominal gun voltage 500 kV

= SC linac beam energy gain 5to 15 MeV

= Beam current 100 mA at 5 MeV
33 mA at 15 MeV

= Bunch length 0.6 mm rms

= Transverse emittance < 1mm-mrad

S. Belomestnykh: Cornell ERL
June 9, 2009 injector linac status
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= While initial intrinsic Q was good, it degraded over time.
= Field emission at higher Eacc. Plan to do pulse processing to reduce field emission.
= Voltage limit is due to the chimney heat flux transfer at 2 K.

= At the moment the ultimate ICM accelerating voltage limit is determined by the chimneys and is 13.8 MV
for 2 K operation, close to the maximum specification of 15 MV.

= The limit at 1.8 K (slightly lower than at 2 K) is due to heat removal capacity of cryogenic system.

= Cavities at the ICM ends have lower Q.
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S. Belomestnykh: Cornell ERL
June 9, 2009 injector linac status



Possible reasons:

Simulations and measurements indicate that losses in the

beam tube and coupler regions contribute significantly to
the overall dynamic cavity losses. Cavity flanges are
thermally anchored to a "4.5 K" cooling circuit, but: "4.5 K"
system is actually at 6 K = increased BSC resistance in
beam tube sections ( Rgcg oc exp(T)).

Cryopumping of residual gases: degradation over time, end

cavities have lower Q factors.

Ferrite dust contamination. Was observed during HTC test,

but lower Q than in the ICM.

Hydrogen Q-disease: unlikely as 2 cavities were checked

during vertical tests and no sign of this was found.
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June 9, 2009 injector linac status
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= Beam studies with and w/o RF indicated that there are remnant magnetic fields inside the ICM.
“Pincushion” scans using corrector magnets inside the ICM proved very useful.

= Investigated different sources of magnetic field outside the cryomodule: shielded cold cathode gauges,
no effect from ion pump magnets, put mu-metal dome on top of the ICS and narrow shield around the
upstream end cylindrical surface, iron shields at cavity 2 input couplers.

= Improvements were marginal at best.
= Conclusion: the residual field is inside the ICM.
= Asthere is no BPMs inside the cryomodule, decided to use input couplers as “poor man” BPMs.

= Studied beam deflection with RF & DC coupler kicks, the orbit is straight in vertical plane, but has
“banana” shape in horizontal plane.

= Also, the orbit indicates that the parasitic field is in the vicinity of the cavity 3 couplers.
pincushion scan indicating bad field

Octopus” beam with RF inside ICM

on

=
o

o

=18
£ 1B
214
T 12 ¥
c

210
2 g
e

=
o

=
=
=]

MAZCAOOZ (4)

=
=
o
¥

30 35 40
#-position at A3 (mm)

o

=
=}
=

-0.04 002 o
MAZCHCO2 (A)

\J . I_JUIUIII\JOLII_YI\II. VUIIIGII ERL

June 9, 2009 injector linac status



Injector SC

design

*1.3GHz 2cell - 3cavities
* 14.7MV/m

* 167 kW / coupler

* modified HOM coupler

......

125

Loop-type HOM coupler  Antenna-type HOM coupler

Results of vertlcal test of

KEK ERL cryomodule devel

opment H Sakai

\f

Target : 100mA cw operation for (compact) ERL

Main linac SC

Prototype 2cell design Points
R e .11'223,33?6" 1) Large beampipe + HOM absorbers
Q- > 10Ar1n0 2) Optimize cell shape - HOM-BBU up-to 600mA
I . ZOEW power 3) EFB for extracting Quad HOMs
$100mm $120mm

2 input port
4 HOM coupler

ERL 2cell cavity

HOM absorber

Iris dia. 80mm

Eccentric Fluted Beampipe(EFB)

Results of vertical test of ERL 9cell cavity ~HOM absorber
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B
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Achieve 30MV/m for a short second Eace [HV/n] =FB

Keep 15MV/m for 8 hours
Heat-up of probe of HOM coupler is problem
Assembly of cryomodule is scheduled in 2011

® Maximum field is 17MV/m on 5 times VT.
® Field emission was started above 10MV/m.
® Assembly of cryomodule is scheduled in 2012 j

XXX

\-
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703 MHz, 5 cell LINAC cavity with 24
cm diameter beampipes employing
ferrite HOM absorbers

e \V/TA measurements of 20 MV/m at Q
= 1x1010

e Preliminary cryomodule testing
underway to reproduce VTA results

N
=

e FPC re-conditioned with no vacuum
or arcing events.

e RF and cryo systems work as
designed, preliminary tests have
given us new things to work on.
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— Cavity gradient
measured using pick-up

G
—  Q calculated using Ploss
Ploss = Pi-Pr-Pt
— Next test will use

calorimetric Ploss

— Multipacting barrier at
10-12 MV/m

— Significant Field
emission

— Testing limited by LHe
available
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Preliminary Cryomodule Test Data
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JLAB HC CM Development, F. Marhauser
c ]

e Very compact Ampere-class CM developed at < 1GHz and 1.3-1.5 GHz.

e First 2 Nb cavity prototypes (1.5 GHz) with waveguide endgroups exceeded goal of 16.7
MV/m CW at Qo=8e9 in VTA (one limited ~24 MV/m by available power, one quench
limited ~19 MV/m (with 4” Nb extensions), no mulpipacting seen in cavities/waveguides.

e Design is different from conventional ERL cavities by relying on the benefits of waveguide
and input power couplers rather than HOM beam tube loads and coaxial coupler.

e Benefits are:

- HOM damping efficiency is very efficient with 6 waveguides (simulated and measured)

- Warm RF window (based on PEP-II design) can handle very large power (1MW CW @ LEDA)
- Warm HOM loads warm designed to handle kW of HOM load power

- Challenges: FPC warm-to-cold transition needs to be optimized thoroughly to limit 2K heat leak

e New full spectrum extrapolation scheme presented, which can forecast the fully
resolved impedance spectrum of cavities (very high Q SRF cavities) in time domain
speeding up cavity optimization/analysis process (by weeks or even months!).
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Conceptual design of a cavity-pair injector  prototype 1497 MHz cavity with endgroups e ,
cryomodule (1497 MHz, L=2.6m) ypP Y group Impedance Spectrum Extrapolation Method




Type 4 Crymodule (T4CM), A Hocker

Type 4 Cryomedule

||
40K
. SUPPLY
\
)

Next step in evolution of
TTF/XFEL cryomodule

Magnet/BPM package moved
from end to middle of CM

— Directly under center support
post for more stability

Intended as a CM for large-
scale HEP machine (ILC,
Project-X, etc.)
— High gradient, high packing
factor, low RF duty factor

— Dynamic heat load much less
than typical ERL CM

First T4CM to be built at FNAL
in 2010, cooldown in 2011
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ERL CM Collaboration Update, P Mcintosh

Fully-shielded Bellows 7-cell Cavities  Lever Tuner with Piezo Actuators

Beam-pipe HOM Couplers

25 kW CW Adjustable Input Couplers

e Collaboration initiated early 2006:
- Daresbury Lab
- Stanford and Cornell Universities
- LBNL
- DESY
FZD Rossendorf

Parameter Value
Frequency (GHz) 1.3
Number of Cavities 2
Number of Cells per Cavity 7
Cryomodule Length (m) 3.6
RIQ (Q) 762
E,.c (MV/m) >20
Eo/Eace 2.23
Ho/Esc (OB/MV/m) 46.9
CM Energy Gain (MeV) >32
Q, >1 x 1010
Quxt 4 x 106 - 108
Maximum Beam Current 100 mA
Max. Cavity Forward Power (kW) 25 SW

New CM to be installed on ALICE
for beam evaluation May 2010.




ERL Operation and RF
Control
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ALICE SRF Commissioning, A Wheelhouse
o]

e SRF Commissioning:
- Cavity Eacc reduction seen when tested at Daresbury c.f. DESY VTA tests.
- FE radiation from ERL CM required introduction of lead wall:
- LLRF electronic life extended from 1000hrs to 10,000hrs
- Poor ancillary HVPS reliability resolved:
- Future designs to ensure that the RF power sources are located with the HVPS
- Beam loading effects resolved at low bunch charge levels by reducing Qext
- Energy recovery achieved at 20.8MeV in December 2008
e Future Plans
- Further investigations of Q0 v's Eacc = He processing of cavities
- Further investigation of beam loading required for higher bunch charge and long pulse train lengths
- Reduce Qext further
- Improve LLRF response time
- Investigate feed-forward

Installation of new 7-cell linac cryomodule in May 2010
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Viain Linac and LLRF Control M Lle
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HLRF/LLRF for cERL@KEK, S MICHIZONO
.

e 30/300kW Klystrons plus 30kW IOTs will be
used at cERL.

e New custom FPGA board for LLRF
developed based on uTCA (AMC module).
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30 kW klystron:

E3750 by Toshiba loop delay [us] Custom FPGA board having four 16bit ADCs
~53%efficiency and four 16bit DACs with Virtex5.



Fﬂc* Ferroelectric Phase
Shchelkunov

e For ERLs, if beam loading is
small:

- RF power requirements
determined by
e 1) ohmic losses in walls,
e 2)imbalance between the
beam currents
e 3) microphonics
e each may require change in

coupling between the cavity
and feed line Jrynlr‘nll\/ results

ivCann LA vaw L O} LR ]

in bandwidth growth and more
power.

e If the beam loading is not small:
- there are “beam-driven” phase
instabilities;
— the microphonics still are an
issue;

- thus again, there is
requirement for more RF
power.

e Phase shifters based on BST ceramic
with eps ~500, that changes its dielectric
constant with <50kV/cm external bias.

e Samples developed so far have shown
fast switching (intrinsic time < 10 ns).

e 3 designs described for L-band, out of
which 1) the planar-coax design is
attractive, but the problem of parasitic
modes must be addressed; and 2)
sandwich-in-waveguide design was
successfully built and “cold” tested.

H..Hi:hlnq EETAMIE
bricks, Eps=¥1 High woltage plate
"'H Ceramic madching
= rtl, Epa=38




HOM Management
(Joint WG2)
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KEK ERL HOM Absorber Development, M Sawamura

Measurement

Ferrite properties (u)

Frequency dependence

— New IB004-1 80K
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Calculation

Optimization of ferrite condition

HOM absorber model under design
- HIP ferrite of new-type I1B004
e Firm bonding between ferr
- Comb-type RF bridge
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e Lower impedance and lower thermal conductance than finger-type
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per Development for Cornell ERL

Cryomodules, E Chojnacki
.|

A high bandwidth (1GHz — 100GHz) beamline HOM absorber is likely
necessary for ERL BBU control.

The Cornell ERL Injector load using 3 types of absorbing tiles can be
modified to satisfy HOM absorption reliably.

A simpler, lower cost beamline load using a unitary absorbing cylinder

is still desirable, being developed at Cornell, DESY, KEK, BNL, and
elsewhere.

Carbon nanotube doping of ceramics may be the material to provide
broadband loss at cryogenic temperatures.
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Hammons

e Development of effective HOM absorbers crucial for R&D effort in three basic areas:
- Prototype ERL facility
- Coherent Electron Cooling experiments (CEC)
- Medium energy electron-ion collider (MeRHIC)

==
vy
m

- Each of above have high-current, high-charge requirements and therefore require HOM mitigation.

R - Coaxial
e Prototype ERL facility is testbed for technology to support CEC and MeRHIC: X
- Features ceramic/ferrite loaded beamline HOM load for 2-cell SRF gun. Cathode — b
e Ceramic break can be operated at nitrogen temperatures and serves as effective thermal transition. i '-;Q«—?i:?glo
e Break can also protect superconducting structure from potential damage to ferrite tiles.
- HOM mitigation through fundamental power coupler ports also found to extract HOMs in gun. 9 i
- Facility also features ferrite HOM loads for five-cell RF cavity.

e 5-cell ERL cavity tested at room/SC temperatures and dipole
passbands at 0.8 — 1 GHz and 1.6 — 1.8 GHz have been
measured. Modes have also been simulated using MWS.

e Work commenced to develop damping concepts for MeRHIC:

- Closely spaced RF cavities in highly modular CMs accommodated in a portion of the RHIC ring.

- Project requires very compact damping structures.
e Ferrite HOM loads
e Loops and probes between RF cavities and inserted into existing ports in the RF cavity
e Exponential pickup electrodes (similar to BPM electrodes)
e Cloverleaf-shaped waveguides with coaxial pickups between cavities




Crymodule Components
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Cavity Tuners, O Kugeler

e Combined cold stepper motor and piezo
tuner is the tuner of choice for ERL
machines, but:

e Most piezo tuners developed for pulsed
operation!

e What could be improved in a CW-only
tuner?

- Stiffness (group delay ) crucial for
microphonics compensation

- Sacrifice tuning range for stiffness: use
shorter piezos

- Shorter piezos also reduce hysteresis
effects

- Use high voltage piezos for stiffness
- Use multiple piezos

- Increase cavity wallsize to increase
frequency of lowest tuner resonance

- Improve stability of microphonics
compensation algorithms

- Incorporate piezo hysteresis into
compensation algorithm in order to
effectively increase piezo resolution

- Use bipolar power supplies (and increase
mechanical pre-stress on piezo)

- Increase cavity stiffness to increase
frequency of lowest resonance

amplitude (Hz)

d
Group delay 7 = ¢

dw
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20
!
—_— - 20
15 !
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10 WAWL .
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-100

frequency (Hz)

Transfer function of Saclay | tuner
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e Many couplers have been designed for different ERL cryomodules. KEK ERipCoupler
e Coaxial and waveguide couplers are predominantly used.

e Many coaxial coupler designs based on a few existing designs
(TTF-11l, TRISTAN coupler) though often with necessary upgrades
or modifications.

e (Coaxial couplers can be built with additional cold windows which
give some advantages but make couplers more complex and
expensive:

- Cold windows cannot be used for very high power applications.

e Variable coupling leads to additional complexity. It may be used in
machines built for accelerator research purposes. Not needed for
user facility!

e Injector couplers are most challenging, = high power requirements.

e Problems with low energy beam motion = couplers should be
placed symmetrically (in pairs) or compensating stubs should be
used.

e Main linac couplers much easier to build = lower power:

- Design should be cost efficient for multi-GeV ERL machines.




SRF Guns (Joint WG1)
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Key WG3 Discussion Issues 1
(CZhislEconvenerDFLR)

e Cryomodules:

- Many cavities showing low Qo performance, why?
e Cornell (6e9 @ 8 MV/m) 2-cell — problem not yet identified
BNL (6e8 @ 20 MV/m) 5-cell — multipacting observed
KEK (59 @30 MV/m) 2-cell -- heating of HOM coupler probe above 16MV/m
KEK (3e9 @17 MV/m) 9-cell — limited by field emission
Are the large iris’s causing a systematic problem for these ERL cavities?
Or is it ferrite contamination from the HOM absorbers?
- Lively discussion, but no real conclusion!
- L-band 9-cells vs 7-cells? Decided by assessment of:
e Trapped HOMs

e Peak surface fields

e Tuners:
- Cold vs Warm tuner motors:
e Cold:

- Takes ~ 1 week to replace
— Heat from motor needs to be dissipated inside CM
- TTF show good reliability, need to gather more statistics!
e Warm:
- Motor costs are large
- Warm piezos difficult to utilise for microphonics compensation
— Easy access for replacement
- Requires additional warm-cold transition
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Key WG3 Discussion Issues 2

e Input Couplers:

- Waveguide vs Coax?
e |L-band CW coax limit ~ 100 kW (injector issue)
e \Waveguide can deliver much higher CW power

e Choice does not appear to be technically based, more driven by
previous experience

e \Waveguide solution can remove the cold window
- Cold vs Warm windows?
e Cold coax window used to heat sink centre coax, main advantage.
e No direct beam line of sight for cold coax window.
e Dog-leg for waveguide can remove line of sight problem.

e Multipacting controlled by bias for coax, however no problems
observed for waveguide (JLab).

- Adjustability not necessary for user facility, can be achieved
externally over a wide range (>10 demonstrated) for both coax/wg
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Key WG3 Discussion Issues 3

e HOM management:
- If using beam-pipe absorbers, do we need loop couplers also?

e Multipacting problems experienced with loop couplers.
e Excessive fundamental power heating of probe.

- How can we mitigate possible ferrite contamination?
e Vendor coating of the material
e Shield ferrites in beam-pipe with a ceramic tube

e New materials being investigated
e Variability in ferrite material requires tighter control

e RF Guns:
— Problem calculating HOM power damping requirements
Would like BBU calculations performed, taking into account beam

velocity change
Similar Qo degradation observed at ELBE, fabrication issues
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WG2 SRF Worked Example Request
c ]

e Asked to evaluate SRF system requirements for:
- 7 GeV ERL
— Operating at 1.3 GHz
- 20 MV/m
— 100 mA beam current

W G 3 Tdiscussion| 2B ZZNNTIT o =&,
Case study
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Worked Example

Pessimistic| [Optimistic
Parameter Units Value Value
10 MeV Injector (Cornell ICM) (Injector RF Power kW 1000 1000
Injector Cryo Heat Load w 40 40
|ERL Eacc MV/m 20 16
Operating Temperature K 2 1.8
L N
E&;Ehu E/‘g @E Qo . . 1.00E+10 2.00E+10
= Peak Microphonics Hz 20 10
QO B1E(E Qe (Perfect ER) 3.30E+07 | | 6.50E+07
3 ; RF Power per Cavity (Perfect ER) kw 6.4 2
Stath IOSS pe;czavﬂ:ﬁy s Pdiss per cavity w 41.6 13.3
22K He) i, /ﬁ*&ﬁ'fﬂ 75\921’) é o |Static Load per Cavity W 2 1
. . Second Pass Phase Deg 179.8 179.95
MICI’OphOﬂICSO)ﬁE - Qe (Imperfect ER) 2.10E+07 4.80E+07
Return®phase® 9 v RF Power per Cavity (Imperfect ER) | KW 10 2.8
°r IR Total Number of Cavities 337 421
2> A jj INTD b\ﬂb é o RF Power Overhead % 25 10
bt gy B ERL RF Power (Perfect ER) kW 2699 950
VA& ERL RF Power (Imperfect ER) kW 4229 1286
AN
— Jotal D m li*%ﬁﬁ ERL Cryo Power kW 14.7 6.0
|Tota| Total Dynamic Load kW 141 57
Total Static Load kw 0.7 0.4
Cryo Safety Factor % 50 50
. - - N Cryo Efficiency ACW/W 800 800
E D H2*10M0< 5LVQOH Total Cryo Capacity kW 14.8 6.1
I - == oy >
\ Yok ide ~ [\ = Total AC RF Power (Perfect ER) MW 7.4 3.9
ﬁ.—f L’ L #& L 2 &% n-H E’T‘ L J: 2 T‘ © Total AC RF Power (Imperfect ER) MW 10.46 4.57
%B%‘E'iiﬁ Lz LY —C‘: &-) ;_7) Do Total AC Cryo Power MW 17.7 7.29
Total AC Power (Perfect ER) MW 25.1 11.19
Total AC Power (Imperfect ER) MW 28.16 11.86
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SRF Facility Survey (foster new ERL collaborations)

Institute GunTest | BCP | EP | HPR | VTF | HTF | Assembly Module Test
ANL YES | YES | YES | YES YES

BNL

CORNELL YES YES | YES | YES | YES YES

Daresbury YES YES | YES YES

FNAL YES YES | YES | YES YES

FZD YES YES

HZB YES

JLAB YES YES | YES | YES | YES | YES YES YES
KEK YES | YES | YES | YES YES YES
PKU

Others

To be completed offline!
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WG3 Collaborative Publications

e ERL SRF System Specifications:
— Cornell, ANL, KEK, BNL — Coordinator A Nassiri (ANL)

e HOM Absorber Material Evaluation:
— Cornell, KEK, BNL, Jlab — Coordinator M Liepe (Cornell)

e CM Microphonics Characterisation:

NaAarnall DAL ENIAL LI7D 1 ol Narackh: img D AnvrAdinatar N
— CUdJulrlrlicil, DINL, FINAL, I'4Db, JLdbD, Udicsbuly — LOUIUINdlul U

Kugeler (HZB)

e ERL RF Control Optimisation:
- JLab, Cornell, KEK, BNL — Coordinator T Powers (JLab)
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Achievement of WG Goals?

1. What are the key SRF challenges for ERLs?
e Understand Qo degradation being observed

e  Cavity fabrication tolerance impact on HOMs highlighted, requires more realistic
simulations to be performed using real boundary conditions

e Need to understand ferrite magnetisation issues
e Assess improved ferrite HOM absorber fabrication
e Perform isolated HOM absorber characterisation, to determine performance
variability
2.  What solutions are being investigated and have already been developed?
e Improved HOM damping materials identified and are being investigated
e L-band 50 kW CW coax coupler demonstrated
e <0.01°and <2 x 10 LLRF stability achieved
3.  Which components still need more R&D work?
e Minimisation of microphonics, drives RF power demand for an ERL
e HOM absorbers, reduce cost, improve fabrication processes
e Input couplers (coax and wg, cold/warm windows), simplify, reduce cost
e Tuner (warm and cold) motors
4. Organise R&D effort, to coordinate studies and identify possible collaborations.
e Collaborative WG publications are a start, to hopefully stronger collaborations
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C_ChlEFAD AR

e ERLICEALT. BEEZRT2HFFI&LY. ESLTWSEH L H =D
M. KEKUATlEa—RILK, HEBNLL 5LV ? 285 AAN1) —[ZERL
DEELIIERETHE L Tz, BN TERDOEELZEZEITHOTLY
N6, EROMERETEZTANT=-NAE S NMIEER? (FEOIZES &.
i?f:<n$1ﬂﬁ7§\—C%—CL\fd~L\o ) JLAB[j:1A5I"&O) /l—]@m/E“IE—C*)UtL\L\
BREELTHEY. b ohHiF, BL. wave guideZE-F-ARLGD
T. ABMIESNE,

e Input Coupler, HOM damperZz EDa ViRk—% 2 MMZD WV TIF4E (Zreview®
A TEDLDO>TWARENHY ., ECOETHNREDEATWNSALEDKEIL
HEYRZTONLEMN DTz, (ComnellfZ[+HER> TLHEHIR, )

o EHMDEMZEZ(HITTINTUL=&SEH. convenerNBIZEZERD
t’&% FTHEHELTWSANOITTHHL, KLEEGMLTELEN DT, (B
SHLLD EERBEERINSDEFBIED, )OLA, BREZZL (KRR
A= EICLTHEKRTESELDIZTS) LT, SMEBFHELLT, WAL

A#liA L rdiscussionZ @RI TR TEDIEGNAR LM - T=,
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HY . FEICABCfeldHA W EAFEICHETHS L KNG

LS B EB-. MIS5MDS Belomestnykh*>, E Chojnacki& [EEEEs
SRLI-BFICERIZEDR=TZUDFER LIS Zoperationd (23,
QO TNELENHHEDEEMNHY . TN IEGuniofE Dbuncher
BEDLHRAGEABE T THIHEDZEZRDQON T A->TLNED
TIEGEWLWHINEDREBLH T,

e TM>S5ZTa—=xJLKIZTcryomodulelZ DU\ Ti&EiR, $H(C
alignmentD A&, AL THEZEBRFT-ABRNEZL 5 —
ERE L34 Omain linac® cryomoduleMREZRTH 5L
« WLWANAERLTE,

e _ bt 5 THERLT-HOM damper®#¥(TT2-111, IB004 with
HIP)Z W\ D> TWLVE. M5 DBIE D R T LTI
HErRTHoL., HELADAELER LHhE S M ZEcheck, 5
S bITHMEZEEY ., 40GhzE TORIGEIE & BN HNITIE
MRERET o THAS I EITHE ST,




THANK YOU
L

Looking forward to ERL11
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Peking SRF Gun Development, K Liu

o] e
e An upgrade DC-SC Photocathode
injector has been developed at
Peking university. -
e The designed acceleration gradient \
is 133MV/m and energy gain is SMeV.
e The first vertical test of large grain
Nb 3.5 cell cavity is 7MV/m limited

by field emission in the half cell. Further processing (Bake and
BCP).

e Most parts of the cryostat has been completed and will be
assembled soon.

e Commissioning of upgrade 3.5cell DC-SC photo-injector is
expected in 2010.
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NC CW RF Gun, H Bluem
.-

CW 1.5 GHz NCRF gun developed (tested at JLab).
All copper structure for simplified fabrication.
Potential for simplified cooling channel structure.

8\3\???2—16 of high cathode gradient (23 MV/m at 37 MV/m peak surface gradient)

Good RF efficiency with only 40 kW of power required for cavity wall losses.
Calculated stress at 23 MV/m cathode gradient is within acceptable limits.
Very small frequency shifts in simulations.

1 micron emittance at 1 nC electron bunch charge with suitable downstream
IhAanctar an~ralaratAar cvctarm

VUUOLTI aLluTITlialul oyolTill.

Further optimization of RF design might be possible.

On-axis coupling minimizes specialized outer wall disturbances that lead to high
local heat loads and readily provides high coupling factors for high beam

loading Parameter Value Units
Charge 1.00 nc
Beam Radius 2 T IS
= 1 TICTOLLS S
Bunch length 2 [TUT1 713
e 15 keV ps
Energy £ hleWV




First Run of SRF Gun in 2008
e 2 MeV, about 100 h with Cu cathode, 400 h with Cs2Te

e lav =1 pA, total 5 C (diagnostic mode & radiation safety
permission)

e basic principle (NC photo cathode) works well, no caV|ty degradatlon

found "
e Current Second Run in 2009 e,

e Problems during commissioning

Cs2Te photo cathode with 1 % QE, up to
now ca. 50 h lifetime

2.2 MeV -> 3 MeV "oy
Imax= 16 pA -> 100 pA (400 pC @ 250 kHz) 14

momentum / MeV/c

Cavity cleaning and low gradient — fabrication issues faser phase fdea
wrong cavity TT-mode frequency at 2 K (has been corrected now)
insufficient vacuum in cathode transfer system (under improvement)

multipacting in the gap between cathode and half-cell, DC voltage
essential

depends on the cathode (surface quality of the Cu stem?)
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Overall SRF System
Optimization for ERLs

Matthias Liepe

-- E 809
Fromise for a brighter futire.

Cornell University, Ithaca New

York Slide 48
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Outline

e Introduction: SRF System Optimization for
ERLs

- What we want

e Optimization: What we can get
- Operating temperature and RF frequency
- Operating field gradient, Q,, reliability, and cost
- Loaded Q, RF power, microphonics
— Cavity design and HOM damping and BBU

Matthias Liepe, ERL

e Outlook: \What.weztiight hope for

Slide 49
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A mir4gigt we want

e Great performance (at least
meet specs)

e Perfect availability / reliability

... easy to simultaneously get 2
out of these 3...

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 51
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Opsetiradzation (1)

-o Heel Specs

e Maximize availability

Constrains:

e Cavity performance (Q, field
emission...),

Site constrains

[ ]

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 52
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Optimization gg
e Important to be realistic, but not

STof

- Remember: You may want to built your ERL BEING S0

Savage Chickens 4000 Savage

A REAL
oPTimiIST
kouLD RAVE

SAID “BE

NEGATVE

in a few years from now...

ldentify high risk / impact parameters

— Cavity intrinsic Q, ($$%)
— Microphonics level / peak cavity detuning ($$%)

Matthias Liepe, ERL

2009

Cornell University, Ithaca New .
York Slide 53
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o M PPtimization (lll)
G, o o2

be specified

- In the following, I'm not trying to optimize ERLs for all proposals out
there...

e Focus on Cornell ERL as example
e But: most conclusions also valid for other ERLSs

- Not all of you will agree with all of my conclusions
e “Optimization” influenced by my biases, background...

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 54
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@[@@ﬁé)ﬁﬁﬁ@ ﬁ@mg@@ﬁ@ﬁmﬁ@ @m@ﬁ A@Zﬁ iﬁ@@@@m@y




operation mode CcW pulsed 250 * 2K load per cavity,
factor ~3 larger total 2K load

linac energy gain 5 GeV 20 GeV

average current 0.1 A* 2 3-10° A (Igry/ype )2=4- 107

bunch charge 77 pC 1nC (Phom erL/Prom xreL)=400

bunch length 2 ps 80fs-1ps f <100 GHz for HOMs

emittance (norm.) 0.3 mrad- 1.4 mrad- mm Cavity alignment, ...

mm
energy spread 2e-4 1.25e-4 Similar, but much higher
= ?

Tcaw fTM010’ Eacm QO’ QL’ PRF,peak’ IBBU""
Some of these parameters are given by the state-of-the-art in SRF
technology, others are found by optimizations.

Optimization discussed in the following is done for the beam parameters listed
above.




Operating
temperature and RF
frequency

Matthias Liepe, ERL

Cornell University, Ithaca New

Slide 57
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o sRYyBAMIG GAVEY dnpsses (I

r pairs have inertia. 10 3
] A(0) k.T,=1.89
e BCS theory: Frequency and :
temperature dependence of surface ;7]
resistance at low RF fields (T.: S.c. . = 3
transition temperature) G
D:U)
2 A (—const*T. /T)
R... c e .
BCS / f 10" Residual resistance *
More resistance the More resistance
the more
more the electrons are :
. nc electrons are o 1.5GHz
Jiggled around. : 10
excited. T & &

e Reallive: R=RpgcstRpes

Matthias Liepe, ERL
2009

Cornell University, Ithaca New .
York Slide 58



o Tort)éf RN @i%!!b‘éie@ﬁﬁﬁ?cﬂa'\)lty wall:
G fos - Vi g, EEE

dISS_ R/Q G S

e (R/Q)G given by ceII shape and number of cells
— minimize surface resistance R

— operate cavity at temperature such that
Rgcs < residual resistance R,

= R, = R, I.e. independent of frequency!

res’

= For given accelerating field gradient E__.

P

Matthias Liepe, ERL

2009

Cornell University, Ithaca New .
York Slide 59

| cavity length o 1/f

diss
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Yl

a) 1 nQ residual surface resistance

=J

(93]

AC power per active meter [arb. units]

x 10"

(dream...)

()]

—— 500 MHz
----- 700 MHz
---1300 MHz

1500 MHz

Ny

(%)

N

—e
T

I—LC)

1.8 2 2.2
temperature [K]

2.4

ic Cavity Losses (f,T) for
b) 7 nQ residual surface resistance
4+ (still quite optimistic)

x40 * | |
— 500 MHz

6f [ 700 MHz |
- == 1300 MHz y

S 1500 MHz S

B

AC power per active meter [arb. units]
(78]

=)

N

—_—
T

4 16

1.8 2
temperature [K]

1

22 24

= 1.8K. Note: Lower T is unproven and might
cause instability in the cryo-system.



EI{ES) Choice of Operating Temperature:
Prosmisefora righter fiture The lower the better?

e Lowering the temperature seems to be effective

temperature dependent dynamic loads dominate
(reasonable lower limit 1.5 K)

e He-ll cooling might become unstable below 1.8 K
— tests required

e Another cold compressor stage is required for
each 0.2 K temperature step to lower
temperatures — investment costs and system
complexity increase

e See also: Talk by B. Petersen, ERL 2005

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 61
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o Lﬁ\li'é)e!.gee?( rlc:ermegﬂlegﬁl‘él(ll)residual surface
]

cavities in some distant future, higher
frequency (~1.3 GHz) SRF cavities give smaller
dynamic cavity losses at optimized temperature

- Important for multi-GeV ERLS!

- Also: Cavity surface area o« 1/f2

= Higher frequency gives smaller risk of cavity performance
reduction by surface defects, electron field emission by
dust, ...

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 62



e Why chcc?s%fff%ﬂ-lllency\uy in highest current

- BBU threshold current < 1/f (assuming same number
of cells per cavity, same quality factor Q of HOMSs)

- Average HOM losses o 2

- But: Construction cost increases with lower frequency!
- But: Operational cost increases with lower frequency!
- But: Risk of surface contamination increases with

lower frequency.

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 63
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e Lower frequency only potentially beneficial if highest
BBU threshold is required

— Can increase BBU threshold by factor of 2 (for same number
of cells per cavity)

- Note: Other things can have similar / larger impact on the BBU
threshold current <

— More later...

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 64



Operating field
gradient, Q,,
reliability, and cost

Matthias Liepe, ERL

Cornell University, Ithaca New

Slide 65
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ast

N\

Cost model
(main linac
only!)

Note: R&D cost and facility cost are not
included!

Liepe, ERL

2009

Sity, Ithaca New ]
York Slide 66
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Nanandanca an Accalaratina EFiald

1.5 operation
k7] total
o
.
.g \: ]
©
€ 05
o
=
0 H H H
10 15 20 25 30
field gradient [MV/m]
tunnel length
1500
1000 \
500 I S
0
10 15 20 25 30
field gradient [MV/m]
10T peak power
20
E 15 ~
X, /
g 10 //
3 T
P
/
0
10 15 20 25 30

field gradient [MV/m]

capital cost
0.8 T
§ tunnel
o 0.6 linac
3 —RF
= 0.4
s cryo
£
o 0.2
c -
QIO 15 20 25 30
field gradient [MV/m]
number of cavities
800
600 ‘\
400 ‘\
\
2
0()10 15 20 25 30
field gradient [MV/m]
cryo AC power
15
S /
= 10 /
g 4-_‘/
o 5
o
10 15 20 25 30

field gradient [MV/m]

normalized cost

10 Yr operating cost

04

—RF
0.3 |- cryo
0.2

20

15

10 25 30
field gradient [MV/m]
cavity Q
1 0
10
10" T
9
1
0 10 15 20 25 30
field gradient [MV/m]
cryo power fractions
10
cav. dyn.
= —— HOM
% input C P
= 5 static
[
2 =
0 H H 2
10 15 20 25 30

field gradient [MV/m]




EI{‘(D Main Linac Cost Distribution for
*' il Fromise for a brighter fitture.

E,..=16.2 MV/m

50

relative cost [%

w
o

N
o

-
o
I

Tunnel RF power Cryomodules Cryogenic plant

e Costs for cryomodules, cryogenic plant, and
the RF power sources are similar.

Matthias Liepe, ERL
2009

Cornell University, Ithaca New

York Slide 68
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. — construction
. ===10 yr operation

—

Cc
¢ -

o
(=}]

Constl':uction and

operation cost R4

normalized
o
S
\

o
N
I
i
(
i

i

o 15™ 20 25
field gradient [MV/m]

30

radi=—*

g 10

10’

0

10 15
field gradient [MV/m]

20

25

30

cryo AC power

/
ey

0 20 30
field gradient [MV/m]

e Q,-value has significant impact on cost (high impact and risk

parameter)

e Construction cost changes only moderately for gradients between

~16 and ~27 MV/m

e Operating cost/ AC power increases with gradient

e Select gradient at lower end: 16.2 MV/m
Matthias Liepe, ERL

2009

Cornell University, Ithaca New

York

= Less risk for same cost!

Slide 69



Gamrirg eddlaktom ressEDred at DESY/FLASH
from cavity field emission

« Exponential growth in FE
with gradient

e i cw cavity

1.0E+05 Frm3

;: I E== _E -
: IS 1208+01 Bl---F--3-
t:; 1.0E+04 ok W= 138E-15x% L1
= il R*=992E-01 EHEEEE
FNR = o1 i S S A S e
o e e =] |cccf-c]- --F--J-
c EE EEE SEE EEE e e e cEH R E
@ Aot el el it e e P=—.gn el il S
MRS HH HHE HH P B 3R
a ‘.-"" i

1.0E+H11
19 20 25 30
Gradient: MV/Im

*For ERL : 10uGy/h * 200 (for cw)=2 mGy/h = 0.2 rad/h

*10 years of operation: 100 Gy = 10,000 rad (at 5000h/year)
«Same as FLASH/XFEL at ~ 25 MV/m

= Need strong shielding of electronics in tunnel!

General Appreciation of Radiation Damage to Materals

Semiconductors
Electronics ' !

109 102 104 106 408 1010 4012

B Destruction
EONE Damage Dose (Gy) gyt
O Mo damage BASEAZAR

operation

* Low trip rate essential for light
source!

« Favors lower gradients
* High reliability: don’t push
gradie