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Scope of the CW SRF workshop

George Hoffstaetter (Cornell Univ.)

e Cornell mainly works for the SRF for ERL
— it works CW condition and need high Q and high Eacc.
e Topics of this workshop
(1) Cavity design (KEK, Jlab, Cornell, Berkeley, Fermilab)
(2) SRF Gun (HZDR, HZB) & low beta (Fermi, IHEP, IMP) & transversal cavities (APS).

(3) CW cavity operation (Cornell, JLAB, HZB, Fermi)

(4) High Q performance and treatment procedure (Fermi, Jlab, Cornell, HZB)
(5) CW couplers (Cornell , KEK, Fermi)

(6) HOM absorbers (Cornell, KEK, Jlab, DESY, APS)

(7) CW cryomodule (Daresbury, Berkeley, Cornell, Fermi, Jlab, KEK)

e ERL activities at Cornell Univ.
— ERL apply for light sources, high energy physics, Nuclear physics

— Low loss SRF cavities for CW linacs bulk BCP 650C final BCP bake 120C =
Q0=1*10"11 @ 1.6K

— 75mA with NaKSb / 52mA of GaAs and 80pC/bunch : 0.3mm.mrad (core)



Cornell ERL project
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Cornell) ERL milestone

ERL-readiness milestones

Many milestones, some world records, have been achieved:

Peak bunched-beam current:—>(CW operation session) Bruce Dunham on \Wednesday

75mA with NaKSb / 52mA with GaAs, 65mA stable for 8h, 1/e = 2.6 days.
(2013.6.12IR7E)

Smallest normalized thermal emittance: 025 mm mrad/mm radius

Smallest normalized emittance after injector at 80pC: 0.5 /0.3 mm mrad
with normalized bunch core emittance : 0.3 mm mrad

This bunch in a 5GeV ERL would produce X-rays brighter than any ring today.
(a 25pmX25pm ERL/USR or a 0.3nmX3pm storage ring, 20 * Petra Ill)

SRF-cavity: O of 2.E10 at 16MV/m —— (High Q session) Nick valles on Thursday

Construction of a prototype ERL cryomodule and an improved DC electron
source are ongoing.

The injector prototype has already achieved beam sufficient for an
ultra-bright x-ray ERL. And further improvements are yet possible.

MNow is the time to prepare for construction of an X-ray ERL |
iGearg H. HofMstaelier, Comell University Acceleraior Seminar, BML 31 May 2013




(1) Cavity design

 KEK main linac cavity (Kensei Umemori)

* JLAB upgrade cavity (Gigi Ciovati)

e Cornell main linac cavity RF design (Nick Valles)

 NGLS and Project-X HOM calculations for coupler
needs (Alexander Sukhanov)

— calc HOM effect with project X(162.5MHz) &
NGLS(1MHz)

* Cornell main linac cavity mechanical optimization
(Sam Posen: Cornell)

—>calc cavity structure and pressure dependence

FTIERERDFZFETBRBICDOLNTCWxI IS EL TERET0#EEIE . cryomoduleT A RAY
A TULBKEK, Jlab,CornelllZDWZWTEIZHBN T 5,



KEK main linac cavity (K.Umemori)

HOM Strategy and cavity design
Dipole mode: Lower impedance of (R/Q)Qext/f

Monopole mode: Avoid frequency around 2.6GHz, 5.2GHz ...

Quadrupole mode: Eccentric fluted beampipe

Packing factor: Select 9cell structure

<

1) Iris diameter 80mm, elliptical shape at equator
2) Large beamplpes(d)lOOIIZSmm] mounted with RF absorber

000000000 )

Main parameters for the acceleration mode

Frequency 1300 MHz Coupling 3.8%
Rsh/Q 897 Q Qox Rs 2890
Ep/Eacc 3.0 Hp/Eacc 42.5 Oe/(MV/m)

* focus HOM damping

> 600mAMDHOM-BBU thresholdE THER,

> monopole®, +=40MHz T [+1=51 & ( <6GHz)
«  Epk/Eacchdesign ETESLAD 1.54%
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KEK-ERL design
3GeV & 100mA

Vertical test

Te+011

. " T : 1e+006
ERL 9-cell #3 2nd(2K) [ ]
#3 radiation dose (#3 2nd) ¢ 1 100000
3 o)

4 10000
o]
..-ooooouuooo--.-e.... 1 1000

o 4 100
o {10
o Onset =14MV/m

01

1e+010 F

1e+009

15 20 25

Eacc [MVim]

0 5 10 30

1e+011

1e+008
{ 100000
1 10000
4 1000

i 100
110

41

01

"ERL9- cell#42nd(2K) "»
#4 radiation dose (#4 2nd) o}

000000000000,
1e+010 | * 000000004,

Onset =22MV/m o

1e+009

15 20 25

Eacc [MV/

0 5 10 30

Radiation dose [uSv/h]

Cryomodule test

Vc vs Qo (Final)

1010 %‘%
*
= _..Q0.degradiate.... %
______ ® Q0 (No3 cavity) #3
B QO (No4 cavity)
109#4
0 5 10 15 20

Accelerating Voltage (Vc) [MV]
Field emission onset starts 8-9MV/m

Qo=1*10M0@15MV/m

Radiation dose [uSv/h]



CEBAF upgrade cavity (Gigi Ciovati)

CEBAF’s Evolution to 12 GeV

42 1% -generation SRF cryomodules “91-'93 - =25 MV
10 reprocessed "06-'09 - 50 MV

4 2"_generation cryomodules —'11-"12 ﬂymm.
6 2"-generation cryomodules —"13 \
=108 MV avg.
300W @ 2.07K

Pairof 0.5 m cavities:, “Original” cell shape « ((J,
1.497 GHz, 8 cavities/cryomodule = g}

All cavities made from “RRR-grade”
sheet metal niobium

2" generation cavity: 0.7 m, “Low loss” cell
shape, 1.497 GHz, 8 cavities/cryomodule

 The LL-shape was

) Upgrode chosen because of

— agne

N J" power ~20% lower Pwa” than
- HG-shape

20 eryomaodules

E...=19.2 MV/m with Q, 2
8x10° at 2.07 Kin CW
operation

avity — Optimized Configuration

« No stiffening rings, to increase tunability

* New helium vessel design, to replace
titanium with stainless steel for cost and joint
reliability

«  Optimized waveguide input coupler
geometry for Qg = 3.2 % 107

«  Nb HOM coupler probes confidently cooled

*  Optimized position and orientation of HOM

couplers (now only on “field probe” side) for
HOM damping

»  Pressure sensitivity: ~220 Hz/Torr

RF referance
probs

1J4 waveguida RF
imput coupler
Fundamental
/' Power Coupler

(FPC)

HOM coupler (2)

55T helium
vessal

Warm ceramic RF
window

C100 cavity T




CEBAF C100 Cavity treatments — Production process

160 um BCP and pre-tuned by vendor 4981 18 [CHPR%
Receipt inspection — mechanical and rf TFoTULVD,

US >> Bake: 600 C, 10 hrs

US >> EP: 30 um, @20°C regulated by external water spray

US >> Tune

Helium vessel welding

Flange lapping

HPR

Partial assembly

HPR >>dry in Class 10 cleanroom

Jefferson Lab 12 GeV C100 Cavity Final E,,,

i
=

HOM Problem
Field Flatness Cat Eye Defect

NV —

w
w

w
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L]
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Final assembly, leak check
Bake: 120° C, 24 hrs
Vertical test @ 2.07 K

[
w

un
=]

Maximum Gradient Achieved (MV/m)
[
[=]

HPR >> dry in Class 10 ’
String assembly N IneRSRANBBIISRRBRESERRRS
Cavity ID
* Add additional surface treatment
— 30 um EP: increase gradient
— HPR (High Pressure Rinse) A. Reilly et al., SRF’11, TUPOO061.

— 120°C bake: increase Q,




P dissipated per cavity -- 2 K load - (Watts)

2 K Dynamic Heat Load vs. Cavity Gradients in CEBAF
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HOM absorbe rcell  Cornell main linac cavity design (N.Valles)

Goal: Maximize I, > 100
mA (under constraints)

Optimize Introduce
Cavity realistic shape
W.R.T. BBU variations
parameter (x400/error)

I 0 125
N 10250

+0.500
I 1,000

2520 2530 2540 2550 2560 2570 2580 2590
Frequency [MHz]

Loosened machining tolerances

increase relative cavity-to-cavity

HOM frequency spread
(good!)

Fabrication error increase the HOM-BBU threshold current Fabrication Variation (2D)




Design topic

Many cavity design meet requirement of
especially HOM-BBU threshold current.

HOM randomization can increase HOM-BBU
threshold. =2 Cornell make fabrication
variation and calculate by separate cavities

How much can be calculate more than 10GHz
HOMs ?

Coupler kick

Program for experimental study for HOM
effects on existing CW linacs.

How to suppress field emission (Epk/Eacc) ?



(2) SRF Guns & low beta & Transversal cavities

* Selected experiences of 6 years Rossendorf
SRF-Gun (Andre Arnold)

* CW SRF Photoinjector experience at HZB
(Andrew Burril)

* Project-X cavities (Timergali Khabibouline)
e APS crab cavities (Jim Kerby)

* Progresses on China ADS Superconducting
cavity (Peng Sha)

* I[MP’s low beta cavities (Yuan He)

SRF Gun®D 4 E TOEERFREROIRIR AV EIF Dtopic, ZF 1L VA AL low beta & crab cavitylZ
DUVT, APS?DCrab cavity[EZERIEMNSLOMEER S EWLNST A T 7 TE#T. (FFfE7EL D THER)



(3) CW cavity operation

Experience with CW caity operation with high

beam loading at Cornell (Bruce Dunham)

Experience with high loaded Q cavity

operation at JLAB (Tomasz Plawski)

Experimece with high loaded Q operation at

HZB (Axel Neumann

)

CW aspects of microphinics compensation
= LFD compensation(d*

(Yuriy Pischalnkov)
IFSADANERLH

Experience with hig

STWLWAD T, A&
n loaded Q cavity

)

operation at Cornel

(Mathias Liepe) 23

Michrophonics Z LL T IZH1 Z S hvhitopict=o7=,

EED



Experience with CW caity operation with high beam loading at
Cornell (Bruce Dunham) (Cornell Injector)

ERL - Injector Prototype

deflector

e TS
HrP=—8-g 8 5
“I-,;;[;»—-.'h
c1 .. 1
experimental
beam lines
L L |} t = ¥

photocathode
DC gun

cryomodule

Requirements:

« 5-15 MeV

» 77 pC per bunch

100 mA average current

* 0.3 um emittance
(normalized rms)

Issues

Coupler conditioning (with beam)

Coupler quadrupole fields —> beam
asymmetry

HOM RF absorbing tiles*

Coupler cooling®

Spurious trips, machine protection*

Status:

Emittance goals met, simulations

verified
75 mA maximum average current
63 hour 1/e cathode lifetime at 65 mA

Max energy 13 MeV

Some of the F absorbing tiles facing
the beam became insulating at 80 K and
distorted the beam. We removed half of

’ Beam distortion

R B

due to tile charging

the tiles, which still provides adequate Y £ o tm"ﬁh 5
HOM damping.

-10



Cornell ERL Injector cryomodule

5X 2-cell cavities
(made in house)

HOM loads with
RF absorbing
tiles

2K 5K 80K 300K Coax-waveguide
transition

Couplers (made by
industry)

Bruce Dunham — TTC Topical Meeting on

CW-SRF 2013 15
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Recent results (Cornell injector)

Beam current (mA)
N W A O
S © 5 © ©

—
L=

Ran 65 mA average
current at 4 MeV for 8
hours — 2000
Coulombs of charge.
Had 2 RF coupler
trips and 2 spurious
trips.

OO

—
|

2 3 4 5 6 7 8 9
Time (hours)

—Measured
—1/e = 2.6 days

Cathode lifetime (NaK,Sb
cathode) of 63 hours (1/e).
With the available laser
power, 1 week of
uninterrupted operation is 38

Cathode QE (%)
E-N EN
S

.

4 5
. Ti h
pOSS|b|e ime (hours)
Bruce Dunham — TTC Topical Meeting on

CW-SRF 2013 16



Coupler adjustment (Cornell injector)

Couplers are adjusted to provide ~0 reflection at the desired current.

|LO data ‘V| search ||Main Time Axis ~

|YH5CLT06 T | Start |05/24/2013 08:00:00.000
|| End [05/24/2013 16:00:00.000

new formula || add H remove clear
bottom | v
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Bruce Dunham — TTC Topical Meeting on

CW-SRF 2013 L



HOM damper heat load with beam
(Cornell injector)

search | Main Time Axis |+

[YH5CLTO6_T

‘ Start |05/24/2013 08:00:00.000

End |05/24/2013 19:00:00.000

new formula || add ‘ ‘ remove ‘ ‘ clear
bottom |+
GALGHVOL_cur_minus_offset m—
Ca | 1 [~] -
Max |70.0
Min [0.0 [l Keep Ranges
Type |narma| |v‘ ‘Ieft |v ‘ Plot ‘
[
JFreechart For Time Plots |
i)
(0:69.5] W i(-2228:75.646mA)
70.0 90.0
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Beam
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current
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50.0 Ga1
(blue)
45.0 ae.0
425 858
20012 gg7
3751 £ sas O . 5 K
— 380 g 885
325 2 884
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I
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HOM
200 o2
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temperature
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10.0 874
n oo (green)
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0.0 870
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Main Time Axis (EST)
EINESENESEIENITED A

At most 0.5K temperature rise (65 mA, 4 MeV, 2-3 ps rms bunch

length)

Bruce Dunham — TTC Topical Meeting on

CW-SRF 2013

18



Experimece with high loaded Q operation at HZB (Axel Neumann)

*Test set up: Horizontal test faC|I|ty HoB|Ca

* Testing fully equipped cavities including
helium vessel, motor- and piezo tuner,
CW modified TTF couplers, magnetic
shielding, etc.

Temperature range down to 1.5 K,
typically 1.8 K with 100 W
@ 1.8 K: 16 mbar =30 pbar rms

Coupling variable, installations down
to =1 possible
RF set up: 19 kW 10T, 400 W solid state

amplifier driven by PLL or Cornell’s
LLRF system

Two cavities tested in parallel or
sample studies

Gun cavity tested with diagnostic beam-
line




CW operation: Field stability determined by Microphonics (HZB)

= Helium pressure fluctuations
Af/Ap = 50-60 Hz/mbar,

= Field amplitude variation: _
Dynamic Lorentz force, Af/AE, 2 = 1Hz/(MV/m)? Gun:100 Hz/mbar ,
16 mbar ] ont
T ; - transport
> ‘ dynamics

2.5 mm Niobium walls

P

Deterministic,
narrow-band
sources:
Vacuum pumps

= Stochastic =
background
noise

AT
/ [ |

E

Mechanical oscillations of the Cavity:
Microphonics

» Response of the
Cavity-Helium vessel-Tuner m 222 Hz
system:

(FEM simulations, e.g.:

Devanz et al. EPAC 2002) 151 Hz

G. Bissofi
Page 20



AU (V)

A tested scheme: Least-mean-square based adaptive feedforward (HZB)

External mechanical

oscillations
E
£
. 3
Compensating
signal
tis) ¢ = Detuning
- =3 of the cavity
A S
IFFT | %
s)
t (s) f ‘H-1
FIR YVVVVVVVVL A
Fiter| ez S A ANNNNNNNSTP
WI[n] ; " _
Nyquist frequency: f/2=1.0 kHz — —
1.5F 20+ .
1: 10 = 4
S LMS < 0.5 L g 380.03 Hz—
z oL :E,g
Calculation o =
of optimal B
FIR filter 9
parameters = B P
Frequency (Hz)

Page 21



Compensation results (HZB)
Single-resonance control:

Detuning (Hz)

3
SFFT
Q,=6.4-107 m) ¥  5=252Hz
E Open ol |
g loop P
E g 15 |
5 Feedback only g o= 0.89 Hz
> 4
Feedback (—
and Feed- o5t _ ]
forward 6;=0.36 Hzﬁr——
0 20 20 80 30 100 s 5 g : = 3
; 10 10 10 10 10 10
Zeit (s) Frequenz (Hz)
PI | o
contro .
PI+FF control | o7l Multi-resonance control:
06- Feedforwa:d contro!
osl ““”“‘“ﬁilde”i“'“i' Piezo resolution seems
w £ o to limit control of
| ¥l neighboring modes
02-
01-
; i . . L 0 e Y
0.2 0.4 0.6 0.8 1 107 10° 10' 10° 10°
Time (s) Frequency [Hz]

Page 22
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1800+

1600
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1200

1000

800+
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400

200+

2000

1800
1600
1400
1200+

" 1000+
800+

600 -
400+

200+

LLRF studies with U Cornell: Limits of Q; (HZB & Cornell)

500 1000 1500 2000 2500 3000

Kp

Ty

1500 2000 2500 3000

Ke

500 1000

11 |Og((5¢) 2000
Best results:® Q,=2108, f,,=3.25 Hz
5107 0.008"
1108 0.0093° 9 cell TESLA cavity
2.108 0.0236° E._..= 10-12 MV/m
Tpatn= 1.8 K

Pl piezo loop
8/9-r filter optimized

LF detuning = 10T beam instable

Cavity field trip

Areas with G¢>0.1 were blanked out
Page 23



High QL challenge (JLAB)
(Tomasz Plawski)

C100 GDR mode — Original/Modified Tuner

PPhase Moise 10,00dB) Ref 0.000dBc/Hz

0.000 pr

il b
* ’I .\w’i“‘f* f“\\ "ﬁfr # J lf“

LO Opt [=150kHz] 517pts

Phase noise
25.6 deg rms /14 Hz rms

PPhase Noise

10,0048/ Ref -10.00d8¢/Hz

RMS Jatter:
Residual FM

LO Opt [<150kHz]

Stop 100 kHz IEWH [/

Phase noise
7.5 degrms /4 Hz rms



CEBAF C100 PZT Control (JLAB)

i.“%i

A
IR |

¢ Plezo Tuner Dlsabbed ! Fiezo Tunes Engbied

L
T

Detuning (Hz)
[ =
T T
—

i ~J :
4 i | |
0 ® P 0 & 100

Tirma {m)

Piezo compensation bandwidth: 1 Hz

Pl regulator

Wider bandwidth causes mechanical mode excitation/ instabilities

Substantial improvement for slow detuning ( helium pressure drift or slow microphonics)



C100 One Hour Run (JLAB)IRIK

JEFFERSON LAB ELECTRONIC L

Add content Logbooks Tags Useful Links HelpfAbout

108 MeV, 1hour with beam no C100 trips Mavigate

Lognumber 1786255. Submitted by freyberg on Fri, 05/18/2012 - 02:07. 5 |
<<Prey r

Logbooks: ELOG

Entry Malcers: frevberg Actions

3 ke 3 RN
One Hour at design energy gain: 108 Mev, at full beam Tocading, 465ua 1111 & PESE Al

Fig. 1 [05/18/2012 02:06:39]
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C100 Cryomodule Energy Gain — May 18t"
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(4) Cavity high Q performance & treatment procedures

 High Q R&D at FNAL (Anna Grasselino)

 High QO preservation (Andy Hocker) > FNALCGE a—)LFH
_Ozﬁz’f‘w—)blﬁé{’ﬁ& &AITE, IR —ILRIXEE LS
o o o

 High Q0 R&D at JLAB (Gigi Ciovati)

e High Q R&D at Cornell (Fumio Furuta) > BCPEEPD [ ZLLER
(BCPIXHGIZEEZZELY), 7cell-TmapD BN E,

 Experience with cavity operation in cryomodules test at JLAB
(Tom Powers)

e High Q cavity operation in cryomodule at Cornell (Nick Valles)

 HZB High-QO0 Optimization by thermal cycling (Axel Neumann)
>HoBiCaT D & HIthermal cycleDFER , CH LD BIEHI S
Thermocurrents due to temperature gradients& UL\ {REZL .
TDEEZR N REZD XY —[THPTOINEE,

ZMDsessionlTFEERELY EA -1, $HFIZCWIEERIZIZQ0Z L IF 5D (EdesirableZz DT
QOZF L(TAE=OIZIZENL MDD EEZBIITHNT=,




Approach

e Obtain as many Q(B,T)
measurements as practical at
ALL fields (not only at a single
low field as is customary)

At each fixed field fit
corresponding Q(T) to extract

. | |R.=053@)n0 )
Rres AKT, =1.84(8) e

— Also gives Rbcs(T) = Rs(T)- ot
Rres

Bath temperature
%%  U.S. DEPARTMENT OF

) ENERGY a¢ Fermilab




High Q R&D at FNAL (Anna Grasselino)

Field Dependence of * Obtain as many Q(B,T) measurements as practical at ALL fields (not

Surface Resistance for only at a single low field as is customary)
typical treatments * At each fixed field fit corresponding Q(T) to extract Rres

— Also gives Rbcs(T) = Rs(T)-Rres = see backup slide in detail

/;%(a) 16@\
L A W
5 E.#HHHH\/ - 12 f

10 £

|

—Hm—BCP

0 20 40 60 80 100
— 10t B (mT) . a - ]
= £ 8 - E
@ %) F ST I TN se00%%0 20K
: xQ [ ¥ 0 e ]
nd lne 6 r g %900 19K
n 2

9990 18K 1

RB
= NWHhOON®O

—@—BCP+120C
—A—EP
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—4@— EP+800C+EP+120C [ B (mT)
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0 20 40 60 80 100 120 0 20 40 60 80 100 120
B (mT) B (mT) /

* Medium field Q slope is a combination of both R,(B) and R;(B)
Rgcs decreases but becomes strongly field dependent after 120C
 Medium field Q slope is NOT due to thermal feedback

* Stronger Ry(B) for BCP VS EP o figmmiie s 2 eh oA LU EHIFENEE A,

iva aff
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)

20 40 60 80 100




New surface processing techniques for Q maximization (1) (FNAL)

Annealing with caps+ no chemistry produces
extra-low residual resistance (FNAL)

TE1ACCO005 standard EP

TE1ACC001 EP+800C 3hrs with caps only
PIPPS003 EP+800C 3hrs with caps and foil
TE1AES013 EP+800C 3hrs with caps and foil
TE1AES016 large grain EP+800C 3hrs no caps

| L | s 1 L | s |

5 10 15 20 25
E._ (MV/m)

acc

¥ SyStematlca”y IOW RO CAVITY ID Treatment | Q at5 MV/m, Residual

T=2K Resistance at 5
MV/m (nQ)

» Extra cost sa vingS from TE1AES016 Large grain ~ EP+800°C3hrs  3.5¢10 1.47+0.44
no caps, argon

SKkipping the post venting
furnace chemical TE1AES013 Fine grain EP+800°C3hrs  2.4el0

with caps plus foil,

pI’OCGSSIng dry air venting

PIPPS003 Fine grain CBP + EP + 800°C 1.45+0.84
3 hrs with caps plus

See also G. Ciovati, foil, nitrogen

venting

Phy§ U.R@PYM§»I oéccel - TEIACCO001 Fine grain ~ EP+800°C3hrs  3.5¢10 0.85+0.67

BéanENERGY02 irogen ventin




New surface processing techniques for Q maximization (2) (FNAL)

Heat treatment® &% (-N2gas
107 <bLVRT EQN R
FELWSHERMFEONTNS?
NONZZ R ZME>THE, 8L
KEZFTEOTHLEWSTEM?

Heat treatments in nitrogen
produce unprecedented
values of Rg-5(B)

TE1NMROOS - Bake Data

8/August 2012 - I1B4 Furnace

1.00E-01

1.00E-02

1.00E-03

1.00E-04

5 100E05

g —H0)
$ 1.00E-06 ——H20 (18)
——N2(28)
——02(32)
Ar (40)
€02 (44)

1.00E-07

1.00€-08

1.00E-09

1.00E-10

S ——Chamber Pressure

——Cavity Temperature

followed by 800°C 10
min with ~ 2x107 Torr
p.p. nitrogen

11
10" ¢ T T T T T T T T T T T T
ﬁ.’i’.-....,. 1.3 GHz, 2K
y Ty YV Yy
Iy YWV v#%e
vy
o
¢ @)
e T
‘_.l ®
10
107 F
&/ A.Grassellino et al,
http://arxiv.org/abs/1306.0288 u
B TE1ACCO005 - typical electropolished FG ‘
& TE1AESO016 - nitrogen treated LG
® TE1NROOS5 - nitrogen treated FG
TE1AESO0O03 - nitrogen treated FG
V¥ TE1AESO005 - nitrogen treated FG
1 09 1 ; 1 ] ] 1 . 1 1
0 5 10 15 20 25 30
E MV/m
acc ( / )
CAVITY ID Type Treatment Subsequent Highest Q measured
cumulative material at T=2K
removal via EP for (correspondent to
each RF test [pm] material removal in
red); max Q value
located at ~ B, [mT]
TE1AES016 Large grain EP - 1000°C 1 hour with ~ 80 (7.4£1.4)%10", 40 mT
2x107 Torr p-p-
nitrogen
TE1AES003 Fine grain BCP  1000°C 10 min with~ 10, 60 (4.1£0.6)x10", 50 mT
2x107 Torr p.p.
nitrogen
TE1AES005 Fine grain EP 1000°C 1 hour with ~ 20, 40, 80 (4.2+0.13)x10'", 70 mT
2x107 Torr p.p.
nitrogen
TEINROO3 Fine grain EP 800°C 3 hours in UHV, 5,15 (5.3+0.85)x10'", 70 mT




High QO R&D at JLAB (Gigi Ciovati)

HT extended up to 1400° C with new furnace

e |ngot Nb cavity (RRR~200, Ta~1375 wt.ppm), treatment sequence after
fabrication: CBP, BCP, HT, HPR

Q, (2.0 K, 90 mT)

6x10

5x10

4x10"

10

10|

3x10"

2x10" F

1x10"

Samples’ analysis after 1400° C show:

= BCP
e HT i
A LTB
® l ]
SUREREEE
t '
. |
1 1 1 1 1 1 1 Il 1 1 1 1
g NN RN \\Q\Q A‘Q \Q’\\\ ‘Qﬁ\Qq\Q
S e NI < &
N 1 ® S
KN NN P o
SHEND, NN NN o 8P

7x10" . : . =
6x 19 ]
5x1 7x10" . . N
i 6x10" 1 i .
- D:‘ C '1()ié B T T T T L) T T
3x1 44 9x 010 oo oo 0% og =
7 33 3 : ot
O 2x1 6x10"°F Al ° |
o 5x1010 | 8l
29 4x10° | ma a2 BARARR AE Sy i
L . ‘d‘ﬂ poono o O = = J_< J
1 o 3x10°f ‘%ﬁﬁﬂ
2\'1010 B [’E m 1400°/3h+120°C/12h. 20K
¢ o O Retest after 15 months on shelf, 2.0 K
o Retest after 15 months on shelf, 1.6 K
A HF Rinse, 20K
HF Rinse, 1 6 K
l()lo 1 1 IV IV 1
0 20 40 60 80 100 120

Bp (mT)

— Reduced H content and ~1 at.% Ti content

— Higher energy gap and reduced broadening

parameter

— Unchanged mechanical properties

i
(je,&epu[’w

ZCANNITFADBARETH

AELT-

+ A

b af

FEWFEE A,



Experience with cavity operation in cryomodules test at JLAB
Q vs E results 1 (JLAB) (Tom)

A, Ala
A, A R
%%+%%% AAAaalaaa
t 444 s
1.6+10 ? _%.W_?_
Qo
x X X|X X x x %X[X x x x 75
x
¢ Mean Qo and Std Dev x 50
Minimum Value X x N
A Maximum Value x 25
x Number Cavities X
1.E+09 - 0
0 5 10 15 20 25

Gradient (MV/m)
Qo at Emax™ for the Cavities in 9 of the C100 Cryomodules

*This data is the highest gradients for which Qo measurements were made.
Higher gradients were acheived on a number of the cavities.

Jlab C100 module T@cryomodulefIE DGR, 80ZEF - 8ZEjF =72ZEF



Qo vs E Statistics (JLAB) (Tom)

20
18 14
16
" 12
12 10
2 10 2 8
8 6
6
A 4
2 2
0 T T T T T T T T 0
10 12 13 14 16 17 18 20 21 22 10 12 13 14 16 17 18 20 21 22
Qo (x 1e10) Qo (x 1e10)
Distribution of Qo for 9 - C100 Cryomodules Operated at 7.5 MV/m Distribution of Qo for 65 of 72 Cavities Operated at 19 MV/m
o
o 4
1.E+10 032
2 TRl
Yeoe,*
S
* 4
L 4
1.E+09
0 5 10 15 20 2;\‘ 30
Gradient (MV/m) Administrative

Limit

Jlab C100 module TMcryomoduleBlE D#EE . El&requirement 2T L MEZ3ZE AL,



Radiation onset (JLAB) (Tom)

C100 Cryomodule Maximum Field With No Field Emission

=
o

{BL.

Number of Cavities
o [ N w B (¥5] (@) ~J (oe] 0

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Electric Field (MV/m)

Note: Resultsof 65 out of 72 cavities. (the data that | could find)
Four cavities showed no field emission radiation.

Jlab C100 module TMcryomoduleflTE D#E R, Field emission onset® 73 (XA LY,



High Q cavity operation in cryomodule at Cornell (Nick Valles)

HTC-1: Follow vertical
assembly procedure as
closely as possible

HTC-2: Include side
mounted, high power
RF input coupler

HTC-3: Full cryomodule
assembly-high power
RF input coupler and
beam line HOM loacds

N. Valles — High Q Cavity O

Cornell HTC — TTC Topical Meeting on CW- 36

SRF 2013




HTC-1 (Cornell, Nick)

Superconductor properties Thermal Cycling Investigation
10° [ ‘ T —
g 10-7 R ii; ***************************
L T e B et e B Sl Sn. -l B S SN - Q®-a@m- - - - - ——— -~ ___]
2 "g ...’,.0.:‘.¢.:.~.‘
s S 0¥ ee g B AN,
B 10 - | 00 | °
0 2 e e PP I ok SEEPSE
&’ © ®  2012/02/29 Pre-Quench
) = | ®  2012/03/12 Post-Quench
7)) 9 O !
O 10 10 1| e 2012/03/15Warmup 1 1
m m R ® 2012/03/18 Warmup 2
,,,,,,,,,,,,,,,,,,,, . e ®  2012/04/06 100K warmup
107° | | | _ SRIMP Caleulation F---------1---|{ @ 2012/04/09 Fast Cool Down |;
14 16 1.8 _I?emz.sratzj;e [ZK? 28 3 32 0 5 10 15 20
P E, . [MV/m]

* T, =9.15K Temperature Cycling
* Resid. resistance = 6.5nQ2  « First cycle > 10 K
* RRR of RF layer = 11.8 « Second cycle > 15 K

* Final cycle > 100 K

N. Valles — High Q Cavity Operation in the
Cornell HTC — TTC Topical Meeting on CW- 37
SRF 2013



Cavity exceeded Q
specification at 1.8 K by
50%, reaching 3x10%°

Q(1.6 K, 5Mv/m) = 6x101° :

Exceeded gradient f — :
SpeC|flcat|0nS ..................... .............. ' MeasuremenétaHBK
RE-based and | 5 %O Tgaigigzﬁ;gégfﬂfanon20
calorimetric-based Q Eacc VI

measurements yielded
consistent values

N. Valles — High Q Cavity Operation in the
Cornell HTC — TTC Topical Meeting on CW- 38
SRF 2013



11

e
HTC-2: Results (Cornell, Nick)

° Qua“ty factor, gradient 0 I
specifications achieved
. . . .. R g i R REEEEEEEE
 Administrative limits & | ¢ TR SO .
. . © | . |
prevented higher field > = SRR AP
© : |
measurements (not S ;
limited by quench) e Measuwementat 18K |
- 57 I:/Iza;u[;en"'lentsaﬂ.?. Kt. S
[ . esign opecirication |~~~ """ T T
i LOWEF Q (than HTC'].) 5 i‘b *************** ?75 *************** .;‘_0
due to high radiation Sac MV
levels
N. Valles — High Q Cavity Operation in the
Cornell HTC — TTC Topical Meeting on CW- 39

SRF 2013



Quality Factor

QO>1*10M1 (22) FAEM ?

HTC-3: Results (Cornell, Nick)

After 10 K Thermal Cycle

11

w ] § * ee

| :: ] 16K Befor

® 1.6 KAfter Cycle
[ | 1.8 K Before Cycle
B 1.8 K After Cycle

,,,,,,,,,,,

10

B e e
| | | | R, 4 2.0 K After Cydle ,
5 10 Eacc 15 20 5 10 EaCC 15 20
Initial Cooldown at 16.2 10 K thermal cycle at 16.2
MV/m MV/m
Q(2.0 K) =2.5x 1070 Q(2.0K)= 3.5x107
Q(1.8 K) =3.5x 1070 Q(1.8K)= 6.0x 1070

Q(1.6 K) = 5.0 x 1018 e oneveenda(4.6 K) = 10.0 x 1010 4

SRF 2013



High Q Cryomodules (Cornell, Nick)

* Magnetic shielding is essential

He gas input

6 Cernox temperature
sensors mounted on top
and bottom of end cells
and center cell

Thermal currentz7:<L
HERSAPEIEXQOEE
MBIET EWNSEER. L

Ly ? ?

« Thermal gradients across cavity should
be minimized to get high Qs

» Cavity temperature gradient ~0.2 K

| « Cool down rate through T_: ~ 0.4 K/hr

o
10 K&~ i
9.8 |!L|‘—L!I—‘
g 94
T.:
2.1
9.0 K

:55 06-04-13 15:00
Main Time Axis (EST)
N. Valles — High Q Cavity Operation in the

Cornell HTC — TTC Topical Meeting on CW- 41
SRF 2013




Thermocurrents (HZB, Axel Neumann)

: Titanium tank (S.) SN
Thermoelectric effect: - therma current
Voltage due to material and W\NW\NV\J

. ; <«4—— thermal current T
temperature dependent Niobium cavity (5y,)

charge carrier velocity Cavity-tank system as ,thermoelement*
Close circuit to obtain thermocurrent.
U =(S )-AT

S are Seebeck coefficients Master thesis Julia Vogt,
see poster WEPWOO004
for further details

2
Niobium STitanium

thermo

Set up model experiment

z FM2  FM1FM3

0 T ! ' e ‘Niobium rod ‘Titanium wire

Heater 1 Fluxgate Heater 2
Magnetometers

Direction of Helmholtz coil field

-0.12F Slope: (-0.565 + 0.04) pT/K

-0.05 0 0.05 0.1 0.15 0.2 A. Neumann, TTC CW-SRF meeting, U 42
AT [K] Cornell, Ithaca, NY




High QO Topic
What is the good material and treatment for High
Q0>

* Furnace temperture (with N2 gas)

* BCPorEP?

* HF rinse for finalization

* Large grain / fine grain

* Baking 120C?

Magnetic shield is essential for High QO

Thermal cycle near Tc is effective for high QO

How to suppress field emission on string assembly



(5) CW couplers

e Cornell main linac coupler (Vadim Veshcherevich)

KEK ERL main linac coupler (Hiroshi Sakai)

* Project-X couplers (Timergali Khabiboulline)

> chokeZxF->1=fs. FAFIZTELDMI ?

* JLAB waveguide couplers (Gigi Ciovati)

* Cornell injector coupler (Vadim Veshcherevich)
KEK ERL injector coupler (Eiji Kako)

CWXHELI=&AADTS—DIRRIMEDL A, PIFYa—FRILDinjectorMHhTS5—h
BOKWIEEDCWETHILL T, SblZbeamiBELL TLNSELNVSI DM T T UVEELVSEIR,
HEJlabDwaveguide couplerDIFKGZE NN T=-D N EM>T=M 2 KEKh LELIEH A
EBRF TCERL A7 5—DIRRIERE , JlabTIEE RagingZ LW ELSD XD LES,



Cornell ERL injector coupler (Vadim)

Variable :QL=9.2*10"4 — 8.5*10"5

Meet : 5MeV 100mA beam

Waveguide
Antenna One coupler : 50kW (TW) 0
Adjustment : '
ool / Two window based on TTF coupler =
Gasg )
Supply 300K Flange E g
80K Flange § " ,_
Warm Bellows 3
\ -4 / Cold Bellows : (
: & 20
2K Flange .
. ©1 |1 Traveling wave
0 ! ‘ 1 ‘ |

’ill ah

////n"

/ Antenna

Warm Window
Pump Port

Cold Window

Present status

» Two of ten couplers were tested on the test
stand up to
61 kW CW.

» In the cryomodule, couplers were processed in
pulse and CW modes w/o beam; finally
processing is going on during high current beam
operation.

» RF power up to 40 kW CW per coupler was
applied so far during beam operation.

» Beam current up to 75 mA was accelerated in
the ERL Injector.

» High current beam operation will be continued.

Results of test stand

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00

Time
210
f/d ‘
190 + =
7—NCI¢15” ws Middle Ha(S{'nk AT 80K
[ | S Warm bellows
i 170 / _g;z
N — N Tube near Taper
5 _fllZ/b Bel ”Tai’eF’ End
- owe Far En
§150 —— S Warm Bellows r End
1 I—
5 / / = \f\%;z\\
3
& 130 T = — v
110 \
10:00 11:00 12:00 13:00 14:00 15:00 1600 1700 1800 19:00
Time
180 1
—_ O,
o ] T=180°C
140 f @ bellows
b = N Warm Bellows Heat Sink
o He Sink
‘:120 tio
N 's Convolution:
=
® 100 [
3
§ 80
~ L— e \
60
P e x
:J//
40 /
20
10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00

Time



300

80

Inner/outer conductor of warm parts were added water cooling

Now Beam operation of cERL started with

Eacc

Prr

Q

=7.2,7.3, 6.9 MV/m
3.0, 8.9, 8.1 kW /2
12.0, 5.8, 4.8 x 10°

Test stand results

201 20810

#7 & #8 Couplers

250
[—i ] < <
200 H ]
: c £
1s0}—Day 1 5 3
100 ! P z
gsn 5Hz / 10 | [ 30| ! , 2 .
el Ir-d ns s 10 g 10
€ 5 g 10 10
-.\luﬁ i 10° 10F

===

109 10°

i H 0
3:00:00 0:14:00:00 0:15:00:00 0:16:00:00 0:17:00:00 0:18:00:00 0:18:00:00

(3}
Time [hour]
25 | 2ZmzoNnz
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100 i =
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Y ] 1 W e S
NI (/IR B I VA |
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40 -“r_’ __LL =
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‘ L g
41:00:00 O1200:00  O13:00:00 0400200 0:15:00:00 Or16:00:00

Time [hour]

#3 & #4 Couplers
i v Ny
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#5 & #6 Couplers

50 =
—Prf [kﬁ ——Vaouum [Fal <
40 + H
i £
ot CW  35KW_J :
: i ?
20 - I - —
g |
=10 S TSR NSNS | R WO SO - Y
= L 10
< L 107
b E
10%
008.0000 010000 040000 GAK0000 GAT00:00  0:49:00:00
Time [hour]
100
-
g 80
‘T
a 80
A Ja0 o
Ed
30 203
a
o
20 o £
@
10 an
a

A i I i 40
0:0%00:00  0:1100:00  0:1300:00  (:15:00:00  0:AT00:00  0:19:00:00

Time [hour)

200 kW, <2ms, 5Hz
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100us 100us

KEK ERL main linac coupler (H.Sakai) SHz  18Hz  200U°
power vs vac*lum (20{12!5!7) j

Basic design

300 [ 0.001
- - o e o] [
Cold window vacuum | Warm window N2 gas ———7 s
S 250 F 30
cooling g Sz 00001
©
S 200
g [10us 10° ?<3
| SHz =
| g 150 | 5
5 X o8
Z 100 | -
0-. -
bellows - 107
RF power 0 A 10°
Cu plate:10um Cu plate:150um g 8 8|8 B 8 & g 8
“—> : Tme & & 8 @8 = &8 & & &
. Cold window moved by rod - = = ¢ = = = & &
Variable (=5mm) Y S 5§ B 8 5 5 B & 5
*Basic parameters 28 &8 8 R &8 &8 8 & =8
frequency : CW, 1.3GHz
Power test @ test stand
Accelerating gradient : Max 20MV/m (First) @
input power: max 20kW , standing wave (michrophincs Af=50Hz) P ' SRR -
loaded Q(Q,): (1-4) * 107 (variable coupling) Pm_f ' 9
: (30us 5H v
* Present status _ :
105kW(20Hz,200us), 43kW CW power with traveling wave @ test stand _ Vi -~ S i
Fiber arc sensor works effectively for ITL within 10us and see processing. : 4
cryomodule test of 2K condition up to 15kW SW on detune condition. s 5\9000“‘\)’{\ H;é;_;” it ' :;,jkﬁngg?m XA
We can keep 14MV with 4.5kW power feeding with QL=1.5*10"7 @2K s A T BRI
Michrophonics of Af=7Hz of pk-pk. This is much smaller than expected.
No significant temperature rise was observed under 15kW power feeding. Arc signal was de|ayed when we
processessed —> arc sensor works well




Original CEBAF pairs (Glgl Clovatl)

Two 5-cell cavities back to back X
Waveguide FPC’s with “stub on stub” 1
6 kW CW at full power (later 8 kW) | :
Ceramic cold windows close to beam Iiné, insiae helium vessel

— Cold window charging by field emission and arcing was a major
cause of downtime

— Managed by developing trip rate models for each cavity based
on Fowler Nordheim field emission

Waveguide HOM dampers cooled by helium (except for FEL)
Polyethylene warm windows (later changed for ceramic)




Reworked “C50” pairs (Gigi Ciovati)

 Reprocessed 10 weakest modules
— Reworked original cavities (BCP + HPR)
— Gradients improved from ~5 MV/m to ~12MV/m

« 8 kW CW maximum power
 Added dogleg to shield cold window

— Eliminated cold window arcing

 Rework of tuners to reduce backlash Dogleg waveguide

* Next module will be the same except EP and remove some
magnetized components from the tuner




JLAB HC Cryomodule RF High Power Window (Gigi Ciovati)
High power capability required.

. A waveguide RF window was preferred to a co-axial
design

« Design is based on water cooled scaled PEP-I| type window
design, (tested near 1 MW CW at 700 MHz for LEDA)

1497 MHz prototypes have been built, window ceramic
thickness optimized in test fixture

High power tested to 60 kW CW at JLab FEL (

limited by

s gpemn

0 i
#[E]@[n [ S|
Y Intensity Gra o Eliss ] fi

/
4

oo/
“ﬂ_ <

clamping flange

JLab 1497 MHz window on test box
PEP-1l 476 MHz waveguide LEDA 700 MHz waveguide High power IR image

window assembly window assembly

Rimmer, Elliott, Marhauser, Powers,
Stirbet




CW coupler topic

* COldEITHEMN? D>BNGENEENHSHEbColdZE
HLTELWEWLSDIFILABD FE 5K, Mollerld L
TWf=&5F=m? 7

o BHEINI-FOEE TE—LAIZHLTITLZINENIZE
{F&REFTH ? > arcsensor X Electron probeZi&E . {&
ZHDMEEINT-D TFH (I ColdE Tfiberz
{F>T afew usTITLARIEETH S EERLTHL =,

« Wavegude &coaxial EB AN ? > FEim L TH
Mo1=, Wave guideDCold R [XFELVADIUNNND, F
NawarmIZEWTGEERT 572X S D ECAHREIRES
L. static ABRMZRHL TIZ AT —IEwavegude D AH
coaxial RYABREL\ET 3R, Ff-variable N TEAELY
DIFERGTEDERHY , NlabM S ZRE(RD FHER
ESMMZRENEEDRERHY -




(6) HOM absorbers

 Cornell HOM beamline loads (Ralf Eichhorn)
« KEK HOM couplers (Eiji Kako)
e KEKHOM beamline loads (Kensei Umemori)

 CEBAF waveguide absorbers (Gigi Ciovati)

 XFEL beamline loads and HOM couplers for CW
(Denis Kostin)

e HOM dampers development for the APS upgrade
short pulse X-ray (Geoff Waldschmitt)

ZMsessiond Y L of-sessionD—D, HFICCWEERIZ[EO—RILIGEE TSICEFE-
f=Hom absorberzT AL TULVB A, leaklZIXFEESh TLVD, KEKMSIZHOM coupler

(FIRERANBBETHAEMEIANFKT, HOM absorberldcERLIZHE A A A TEIE
RIZIXRRBIELVAY, ferrite with HIPTO SV IR ADEDHREZEBHRSANLERE, CW
FADHOM absorberfAFEMN#LLVEBFRH . CCHANAT. CWHATIEZLAY, DenishY
XFELAIZZ%EL1=HOM coupler &HOM absorber (AIN)MNSELENILNTLVS EDFRE

Zh &(FBIIZCEBAFMwaveguide absorberldZumM SN EARFM ?



40 to 80K

5K intercept

Flange to cavity

Cornell Main Linac HOM Absorbers (Ralf)

intercept Flange for disassembly

il i |

"\ L..L
24’00

2800

2600
Frequency [MHz]

2000 2200

No HOM Loads !

il

Q, > 2*10% for the ‘_M "w},lu

fundamental mode

-U-w wu—if

3200

Cavity for HTC3

3000 3400 3600

SiC absorber ring
brazed to metal ring

Shielded bellow

Full-circumference heat sink to allow
>500W dissipation @ 80K
Broadband SiC absorber ring
Includes bellow sections

Flanges allow easy cleaning
Zero-impedance beamline flanges
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Ralf Eichhorn, Cornell — Cornell’s HOM Beamline Absorbers — TTC Topical Meeting on CW-SRF 2013



Issues for cornell SiC absorber (Ralf) Next Version

Shrink-fitting SiC to Ti-5

* We have a vacuum to vacuum
leak in HTC 3 Ti Cylinder with
* Tungsten becomes porous under tegra' cooling
brazing cycle T
e SiCis not a nice material ;
* Strong outgasing
* High particle contamination
* Tends to chip

e How reliable is the material?

Ainen o) abue|

Finding on a full cylinder

Flange to Cavity

4.0E+04

T & B 'XQE
3.5E+04 3
\ at ~1ARK oo 2= H hu74 \/ &\\\!
3é£+04 \ S XT )
Z§E+O4 g 58
zj§E+04 \ R
- £ 5.4 [l .
304 | 7 Thermal Shrink Fit
1%E+04 \ co
5.0E+03 S P perseta
resistivit
0.0E+00 : y \.\"’“ 3

oo 1000zppenareco o0 ®  Use AIN instead of SiC?
SEOL IS —IZELTEN Y BIEALEIZES, JabDT T T ILEFESDM? ?
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(CEBAF) Cold measurement of new materials

« Special waveguide test insert allows cryogenic
RF measurements of test loads and material

samples
Graphite loaded SiC

STL-100 at 2K

137CAatr.t.
-10 -
137 CAat 2K

-15 1
-20 -

STL-100atr.t.
5

TE10 cutoff frequency of wavequided

-30

18 19 20 21 22 23 24 25 26 27 28

Example: Reflection response of
different AIN-based composites
measured at room temperature (r.t.)
and 2 K, compared to original CEBAF
load.

CEBAF 2K HOM absorber

test absorbers

Test setup in the vertical Dewar (left),
CEBAF absorber (top right) and two
different wedge absorber assemblies
(bottom right) made of ceramic AIN-
based composites.

MARHAUSER PACO09



KEK ERL HOM absorber (K.Umemori)

HOM absorber (SBP 1, LBP 27D)

HIP ferrite (IBO04) on Copper beampipe
" Outside: bellows, Inside Comb-type RF
bridge

*Operation at 80K. (expected 150W
HOM power 3ps bunch length)

*Check enough absorption ability of
ferrite at 80K

BOK anchor
Beallows

Comb-type
RF Bridge

Their behavior, frequency and loaded Q * Under thermal cycle between 300K and
values, were generally agreed with 80K, we observed some crack around
calculation results on cryomodule test edge of ferrite damper.

e PU
100 — = HOMI
¢ HOM2
ﬁ I:a(?c':v‘(?)Di ole)
10° - O cale (Mgnopole) """""""""""""" PO

10°

10*

Loaded Q

10°

10?
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Frequency (MHz)




Low temperature RF character (Umemori)

Low temperature measurement of RF absorber’s characteristics -

—RF absorber should work at 80K

—Temperature dependence was measured while cooling with refrigerator ]

Ferrite
sample

Cold stage

Resistance
temperature
detector

& o
]\ — " ZBOK
|

g
@
=
W
=1
= | 1°
=
I
=
C
o
P_
(=
"
=

Fraguency |GHz]

10

W at RT and 80K (newlBOD4)

Frequency [GHz)

Good absorption at low temperature. In cryomodule test , this damper works well.
But under HIP condition some crack was observed.

And we also see the high resisitivity on 80K - charge up. And no-bakable.
We also would like to search another material like SiC and/or AIN.



KEK ERL HOM coupler (Kako)

Woich filter
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Eiji Kako (KEK, Japan)

Design and Measurement
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RF Feedthroughs (Kako)

1’@‘1

Type-l (i.c: Mo, o.c: Kovar) Type II (i.c:Mo, o.c: Cu)

By K. Watanabe

Thermal anchor

Type-0 (i.c: Kovar, o.c: Kovar)

v ! Connection
iebium
\\ Nb
8 %7/ L,
Space
28. 5
Y -
ous window
- 61.5 ._[

Order for next,
Type-III ; Al,O; > Sapphire
Sus flange > Ti

Eiji Kako (KEK, Japan) TTC at Cornell, 2013 June 13 59




Dynamic Temperature around HOM Couplers (No.3 cav in module) (Kako)

No.3 Cavity (50 ms, 2 Hz, 10%) No.3 Cavity (CW)

—— 3 HOM-1 Top(K) 12 6 ——(3 HOM-1 Top(K)

HOM- HOM-
10 f eed -'- h r| o u ’ [ 15 Connector(K) 10 f e e d 1- h 5 Connector(K)
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T T T T T T T T — T
16:33 16:48 17:02 17:16 17:31 17:45 18:00 18:14 18:28 19:55 20:09

Eacc at No.3 Cavity (10% Duty) | No.3 Cavity (CW)
anfenna quench oy 1 4 Mv/m HOM-1: 1.7 MV/m
B DRRE S HOM-2: 6 MV/m HOM-2: 2 MV/m
EWEET HOM-3: 3 MV/m HOM-3: 1.7 MV/m
HOM®Mprobed® | iom_4: 15 mv/m HOM-4: 5 MV/m
9T FLTLVS,

HOM-5: 3 MV/m HOM-5: 3 MV/m
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XFEL beamline loads and HOM couplers for CW (Denis)

(0.27 W | 0.74 M; 1.75 W S 1.08 W 5 » > propagating= 3.6 W
— : : : -
1 fo 10 100 1000 f[GHz]
\ NN _/
Y '
Modes under cut-off Propagating Modes

The XFEL beam line absorbers suppressing propagating modes have capacity of 100 W, which
makes them suitable for large DF operations .

Works well
Beam test said
1.5 Phom - 1K
temperature rise

to 40-70 K Absorbing ceramic ring

Bellows

Beam Copper stub

3un 3uigJosqe Su!san Jaquwiey)

Ceramic ring



XFEL HOM coupler simulation work (Denis)

TESLA half-cell + tube(open), HOM coupler (new)  S-Parameter [Magnitude in dB]

~ — s
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HOM absorbers topics

Are we happy? (Cornell case =2 no)

Maybe not! (cornell ,KEK, Jlab , DESY)
— What is the best broad-band absorbing material?

— How reliable is it? (blasing ?, HIP bonding)
— How to realize the vacuum barrier?
— How much should we care about cleaning issues?

HOM coupler or HOM damper ? = damper
can absorb the large heat load.

Waveguide or beamline load ?

—>waveguide is better than beamline load on
the view points of packing factor.



(7) CW cryomodule
* International ERL module (Alan Wheelhouse)
 NGLS modules (John Corlett)
e Cornell MLC (Ralf Eichhorn)
 CW cryomodule design for Project X (Yuriy Oriov)

e JLAB upgrade module cost and optimization (Tom
Powers)

e KEK ERL injector module (Eiji Kako)

 CW operation of XFEL module (Wolf-Dietrich
Moeller)

 KEK ERL main linac module (Hiroshi Sakai)

SETRAHETE DT, FH#IZE|Z, DaresburyTinternational ERL moduleh &5
HIFERZF18 . CornellZz &£ X6 AYZER D1 moduleZ&EETLTHY . HIAY A
michrophonics?i E£#&5, & . XFELIZHOMMD K EAEE CWO BT A BT 7=
KEKTI&cERLIZ#A3A AT<injector(FE — LEERRAIa Z #R & . Main linacld/\T—T Xk,



TTC next special topicsMD & Z(G.Hoffstatter) &K [B

* Next special topics agenda
— High Q (FermiDNEETOSM ?)
— Michrophonics suppression (Cornell , HZB ??)
— Field emission (KEK ??)
— Power source (Solid state ampZi &)
— LLRF (CNIE A THRoTLID)

— HOM absorbers (potential for collaboration)

— Couplers and copper coating

— Warm cold transition (?)

EBIZIFEF--D T, REIBE L T—TZHK > Tspecial topickP>TWMThIEEDI L,

TTC general meeting: X[E1(52014FE3H24H ~3H27H @DESY




TTC CW SRF meeting (B E)
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