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The TESLA Mission

Develop SRF Technology for the future Linear Collider

Basic goals on SRF Technology

* Increase gradient by a factor of 5: from 5 to 25 MV/m (Physical magnetic field
limit for Nb is ~ 180 mT)
* Push cavity performances close to the physical limit, understanding practical limits
- Set all the required quality control for reproducibility and industrial production
* Make possible pulsed operation: Lorentz force detuning
+ Combine SRF and mechanical engineering in cavity design
+ Develop efficient Modulators and Klystrons
- Develop slow and fast tuners

+ Develop appropriate couplers
* Reduce cost per MV by a factor 20: to make the LC feasible
* New cryomodule concept for cryolosses, cost and filling factor (for real estate gradient)
- All subsystems designed for large scale production
- Reliability and quality control as a general guide line

Basic goals on Machine Design
- Design a Linear Collider based on the Cold Linac peculiarities
* Maximize Luminosity and optimize cost for a given plug power
- Design and quote major subsystems: DR, Positron Source, BDS, etc.
* Put all together in a consistent TDR, including cost estimation
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TESLA 500 GeV Parameters

From the TESLA TDR

Carlo Pagani

Accelerating gradient
RF-frequency

Fill factor

Total site length

Active length

No. of accelerator structures
No. of klystrons

Klystron peak power
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Beam pulse length

RF-pulse length

No. of bunches per pulse
Bunch spacing

Charge per bunch
Emittance at [P

Beta at [P

Beam size at IP

Bunch length at IP
Beamstrahlung

Luminosity

Power per beam

Two-linac primary electric power
(main linac RF and cryogenic systems)
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TDR Luminosity vs. cm Energy

All cavities at 35 MV/m

Baseline ® no additional cost

Upgrade ® more RF & cryogenics
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Site power: 140 MW

500 GeV baseline

Sub-Systems
43MW

Main Linacs
97TMW

Injectors

Cryogenics: Damping rings

21 MW BDS
Auxiliaries
65% 60%
Beam
22.6MW
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TESLA Collaboration Milestones

+ February 1992 - 1° TESLA Collaboration @ bbey s et
Board Meeting @ DESY oS

March 1993 - "A Proposal to Construct
and Test Prototype Superconducting RF
Structures for Linear Colliders”

+ 1995 - 25 MV/m in multi-cell cavity
May 1996 - First beam at TTF

March 2001 - First SASE-FEL Saturation
at TTF

March 2001 - TESLA Technical Design
Report

February 2003 -TESLA X-FEL proposed
as an European Facility,
50% funding from Germany

2004 - TTF IT Commissioning start
April 2004 - 35 MV/m with beam
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Electro-Polishing & Baking for 35 MV/m

The AC 70 example

EP at the DESY plant
- Low Field Emission

800°C annealing

120°C, 24 h, Baking
* high field Q drop cured

High Pressure Water Rinsing

Electro-Polishing (EP)

instead of
Buffered Chemical Polishing (BCP)

* less local field enhancement
* High Pressure Rinsing more effective
* Field Emission onset at higher field

Carlo Pagani

10"

Vertical and System Test in 1/8th Cryomodule

+
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A Low power test

# High power test

0 1ID 2ID BID 4I0
Eacc [MVIm]
In-Situ Baking

@ 120-140 ° C for 24-48 hours
* to re-distribute oxygen at the surface

* cures Q drop at high field
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A dedicated new infrastructure at DESY
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* The naked cavity is immersed in a
super-fluid He bath.

+ High power coupler, He vessel
and tuner are not installed

« RF fest are performed in CW
with a moderate power(< 300W)
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Horizontal tests in “"Chechia”

Chechia is a horizontal cryostat to test fully equipped cavities

* Cavity is fully assembled

« Tt includes all the
ancillaries:

- Power Coupler
- Helium vessel
- Tuner (..and piezo)

* RF Power is fed by a
Klystron through the
main coupler

* Pulsed RF operation using
the same pulse shape
foreseen for TESLA
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DESY EP Infrastructure fully operational
- outstanding results recently obtained
» 1400°C treatment not required
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String Assembly

The assembly of a string of 8 cavities
* is a standard procedure

- is done by technicians from the TESLA
Collaboration

- is well documented using the cavity database as
well as an Engineering Data Management System

- was the basis for two industrial studies.

| * ready to transfer fo industry.

The inter-cavity connection is done
in class 10 cleanrooms
2005 ILC School - Lecture 4
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Ancillaries: Power Coupler

« TTF ITI Coupler has a robust and
reliable design.

- Extensively power tested with
significant margin

 New Coupler Test Stand at LAL,
Orsay

Carlo Pagani

frequency

1.3 GHz

operation

pulsed: 500 psec rise time,
800 psec flat top with beam

two windows, TiN coated

+ safe operation
+ clean cavity assembly for high Eacc

2 K heat load 0.06 W
4 K heat load 05w
70 K heat load 6WwW

isolated inner conductor

bias voltage, suppressing multipacting

diagnostic

sufficient for safe operation and monitoring

Pending Problems

- Long processing time: ~ 100 h
* High cost (> cavity/2)

15

» Critical assembly procedure
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Coupler Development at LAL-Orsay

Alternative Designs

o
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Lorentz Force Detuning

« High magnetic field and high currents on the cavity surface produce
a Lorentz force

Fo=F. =P =g E+7xB)=F,+F,,

em Lorentz
dt

« At each RF millisecond power pulse the Lorentz force produces a
cavity deformation at the micrometer level

Cavity
deformation for
different
stiffening ring
radial position

Slater integral
/ for a unitary
¢ displacement

+ Due to the high Q and the consequent small frequency band, ~ 400
Hz over 1.3 GHz, the cavity moves from the original tuning

« AT 35 MV/m the Lorentz force detuning is ~ 1000 Hz
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Piezo-assisted Tuner on AC73

« To compensate for Lorentz force detuning during the 1 ms RF pulse
Feed-Forward

* To counteract mechanical noise, "microphonics”
Feed-Back
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Successful Compensation @ 35 MV/m

Cavity detuning induced by Lorentz force during the tests

performed in Chechia at TESLA-800 specs
- Piezo-compensation on: just feed-forward resonant compensation
- Piezo-compensation of f

500
N
£ o
®
= _500|
J
-1000, 500 1000 1500 2000

Time [us]

_ 2005 ILC School - Lecture 4
Carlo Pagani 20 Beijing, 19 July 2005



New design with piezos
+ CARE/JRA-SRF

+ SOLEIL upgrades
* larger rigidity

 Fabrication of 2 tuners since beginning of 2005

+ 12 NOLIAC piezos, 2 PHYTRON stepping motors ordered

» Coll. with IPN Orsay: CEA send NOLIAC piezos to IPN for
characterization, and IPN send P.I. piezos for tests on tuners

» Coll. with INFN-Milano for measurement with stress sensors @ 2K
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22

* Integration of piezos for
Lorentz forces and
microphonics completed.

* Final Drawing delivered
for fabrication.

* Two prototype, including
the modified helium
tank, are expected by
October 2005

* Cold tests results by fall
2005 (DESY, BESSY,
Cornell?)
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TTF and Cryomodules

TTF = TESLA Test Facility

TTF as operated for SASE FEL

TT b -
F Goals d|:gn:sa':rcs bunch di:g::sa:?cs RF gun
undulator compressor
- Demonstrate that Superconducting RF —_— e
TCChnOIOgy is suitable fOI“ LC P;Z';‘::;;ei:;" superconducting accelerator modules accglr:r';'ror'
. > 250 120 4
Operate TTF at E,. > 15 MV/m byt MoV v ey

» Develop cavity technology for Eacc > 25 MV/m
: . : = A beam position quadrupole
. Y el ¥ . . mon|tor package

He gas rerum pipe

= ] -
input coupler |
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TESLA Cryomodule Design Rationales

+ High Performance Cryomodule was central for the TESLA Mission

- More then one order of magnitude was to be gained in term of capital
and operational cost

High filling factor: to maximize real estate gradient
- Long sub-units with many cavities (and quad): cryomodules
- Sub-units connected in longer strings
- Cooling and return pipes integrated into a unique cryomodule

Low cost per meter: to be compatible with a long TeV Collider
- Cryomodule used also for feeding and return pipes
- Minimize the number of cold fo warm connections for static losses
- Minimize the use of special components and materials
- Modular design using the simplest possible solution

« Easy to be alligned and stable: to fullfil beam requirements
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Performing Cryomodules

Three cryomodule generations to:
e improve simplicity and performances
e minimize costs “Finger Welded” Shields

Reliable Alignment Strategy
g
R R R N e RN

Required plug power for static losses < 5 kW/(12 m module)
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ACC 5 ACC 4 ACC 3 ACC 2 ACC 1 RF gun

800 MeV 400 MeV 120 MeV 4 MeV

ACC 4 & ACC'H
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Installation Cold time
| Type date [months]
CryoCap ! Oct 96 50
M1 ' Mar 97 5
M1 rep. . Jan 98 12
M2 5 Sep 98 44
M3 5 Jun 99 35
M1* 29
Jun 02
mss 2 - 8
M3~ h 18
M4 g Apr 03 18
M5 18
3
M2* 5 Feb 04 15
10 July 2005
Carlo Pagani

28
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2nd Generation TESLA Cryomodule

« New fabrication sequence
e New strategy for tolerances
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3rd Generation TESLA Cryomodule

- Reduce the Cross Section and use a standard “pipeline” tube

- Redistribute the internal components
- Reduce the distances to the minimum

‘Improve the connection of the active elements to the HeGRP

-Active component longitudinal position determined by an invar rod
-Sliding fixtures to allow "Semi Rigid Coupler” and Superstructures

Reduce alignment sensitivity to the forces on the HeGRP edges

- Move the external posts closer to the edges

* Further simplify the assembling procedure
- Simplify coupler cones and braids
- Reduce by a factor two the shield components

- System thought for mass production cost cutting
- Tolerances reduced to the required ones
- Simpler components and standard tubes wherever possible
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Cry3 Cross Section

Cryogenic e
support t§\3 | | ;

Hellu 44 / T
2 Y

Pressurized
helium
feeding

Shield gas
WPM feeding
Invar rod
Thermal
shields
Two phase
flow

Lz
Zz ~Z
PSS s i a

Helium support
tank

Coupler
port
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Support Posts
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Sliding Fixtures to HeGRP

* Four C-Shaped SS elements clamp a
titanium pad welded fo the helium fank.

* Rolling needles reduce drastically the
longitudinal friction

* Cavities result independent from the

elongation and contraction of the HeGRP.

* Lateral and vertical position are defined
by reference screws

* Longitudinal position by an Invar Rod

Carlo Pagani

A Moke-up has been built to
measure Friction force.

Results presented at CEC-99.
Friction force: 0.1 kgf

e

Beijing, 19 July 2005



Finger-Welded Shield Behavior

1 - * Cooldown simulation of the 4.2 K and 70 K aluminum
Maximum shield temperature thermal shields.
. T‘\“‘m\ * We used a simultaneous 12 hour linear cooldown.
will \\\ * The maximal thermal gradient on the shields (upper
2 NN left graph) is below 60 K, a safe value.

B A
2 o S * The temperature fields show that the gradient is
N concentrated in the welding region, where the fingers

Thut, i

\ ore unload the structure

1 ANSYS 5.4
Temperature fields during cooldown L
PLOT MNO. 3
NODAL SOLUTION
TIME=31320
TEME (AVG)
R5YS5=0
PowerGraphics
EFACET=1
AVREGS=Mat
SMN =133.25
SMx =203.33

923 Lamz
Time (Hr)

Cry-3 fhialds tranzisnt

4.2K thermol zhield

Maximum temperature gradient

L4809
L2876
L8224

&
=
[Tl

Z

=
. A

b
40 ’??
3
24

| =
b 4.2 | e
» l g . 4 70K thermal shield [ yanio
: |
[
|

2,708 5.530 0, 367 3.6 vhous s
1.384 4,193 6. 733 F.0%3 iz.481 %230 18
Time ( Hr)d

Cry-3 Shislde transisnt ;gradisnt | 185.543
Cry-3 maximun temp gradient field 203.33
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Thermo-mechanical analysis of Shields

Applying the computed temperature field, deformations and stress
distribution can be easily computed.

Maximum stresses are within acceptable limits

Maximum deformations due to asymmetric cooling is below 10 mm.

i ANSYS 5.4 i BMEYS 5.4
Maximum stresses during cool-down e Maximum shield displacement B
? PLOT MO. = PLOT MO.

WJDAL =0LUTION NODAL SOLUTION

STEF=1 STEF=1
SUB =1 suB =1
TIME=1 TIME=1
SEQV [AVE] [AVG)
FowerGrephi REYS=0
EFACET=1 FPowerGreph
AVRES=Mrt EFACET=1
DMx =24.414 AVRES=Met
EMN =.227E-04 DMy =24.414
EMy =T76.2332 SM =-5.421
0 SMX =5.561
= .333333 -5.421
L6EEEET -8.4
==
= -7.1378
1.333 -6.357
B 1 lsEr -5.338
=
2 4,315
= 232 -3.293
- 2.8687 -2.272
3 -1.251
= 3.667 1.813
= ! 2.834
= 431 3.855
1.667 41.876
= 5.89%
- 5 .
5,333 6. 515
- 7.584
= 5,667 ¢
& 8. 961

Cry-3: thermel loed Cry-2: thermel loed
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WPMs to qualify alignment strategy

WPM = Wire Position Monitor

On line monitoring of cold mass movements during cool-down, warm-up and operation

2 WPM lines with 2 x 18 sensors 1 WPM lines 1 WPM line
4 sensors per active element 1 sensors per active element 7 sensors/module
8 mm bore radius SR 25 mm bore radius . wes. 2D mmbore radius

el C ry 3

jeld

Module 1 Module 2 & 3 Module 4 & 5
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Safe Cooldown of ACC4 and ACCH

L]
L 1

Linin ]
Lrnin ]

Lmm 1

L]
Linin ]
3

Plot (history)

TTR2.KRYO/WIRESLEFT.WPMOOD/K

TTF2 _KRYO/WIRE/LEFT.WPM14/X
TTF2 _KRYO/WIRE/LEFT . WPM13/H

TTF2 _KRYO/WIRE/LEFT
TTE2 _KRYO/WIRE/LEFT
TTF2 _KRYO/WIRE/LEFT

TTF2.KRYO/WIRE/LEFT. WPMO3/H

TTF2 _KRYO/WIRE/LEFT.WPMO1/H
TTF2 _KRYO/WIRE/LEFT.WPMOO/ K

A i
st TTF.KRYO_MO/TEMPERATURE/D300I_ACCS5/K -

TTF2Z.KRYO/WIRE/ /X

User name :

[ Wire Detail |

LEFT/X LEFT/Y
PLOT I PLOT

0.25

0_87 nn —0._11
0.62 nn -0.28 nm
0.48 nn —0.11 mm
0.85 nn —0.11 nm
0.81 nm -0.13 mm
-0_35

=

[inm] WPM 1
Cmm] WPM

Linm ]
L ]
L]

L]

Lim ]
L]
3
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TTF2Z _KRYO/WIRE/LEFT. WPM14/Y
TTF2 . KRYO/WIRE/LEFT . WPM13/Y

TTF2 _KRYO/WIRE/LEFT . WPMO7/Y
TTE2 _KRYO/WIRE/LEFT. WPMOG/Y
TTF2Z _KRYO/WIRE/LEFT.WPMOS/Y

TTF2 _KRYO/WIRESLEFT. WPMO3/Y

TTE2 _KRYO/WIRE/LEFT . WPMO1/Y
TTF2 _KRYO/WIRE/LEFT. WPMOO/

38
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ACC4 & ACCH Met

Carlo Pagani

TTF2M4M5 wpmx

[ —=— 20-Jun-03 300K Iso=0b —&— 22-Jul-03 2K Iso=0b
—a— 06-Oct-03 200K Iso=0b —8— 31-Mar-04 2K I50=0b

-+ = - -expected value 2K

) TTF2ZM4MS5 wpmy . )
| —@— 20-Jun-03 300K, Iso=0b —&—22-Jul-03 2K, Iso=0b
—=— (08-0kt-03 300K, Iso=0b —&—31-Mar-04 2K, Iso=0b
[= = -.expec.-led value 2K

wpm no

» Still some work at the module interconnection
» Cavity axis to be properly defined

39

Table 1: Besult Summeary.

TDR Specifications (rms)

Canties =y + 0.5 mm
Cadrupoles = + 0.3 mm
WEM results (peak)
Cavities x + 0,35/ 02T mm
N + 0 18- 035 mm
Cuadrupoles X +0%-01mm
y +0.35/- 0.1 mm
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WPM as Vibration Sensors

TTF2-ACC4 TTF2-ACCS

(+189-7734)  (-11=10049) (-75=0425) (-75=2425) (-7.3-23527) (-7.3-23527) (-14=4556) (-31=10049) (-75=2425) (-75-2425) (-73=23527) (-7.5-23821) (-14=4556) (+15.8-1506.3)
7545 1008 24325 - 24325 3 2360 - 2360 458 008 2435 U435 2360 2360 45814895

olo] o ® o (o] o | o | ” o ©
66 65 WPM1 66 WPM4 65 65 65 65 65 WPM 1 4 65 65|
| T\ ~. E T\ } :

Beam direction »

850 11350 902 g5

D=-2"D p_

« A WPM is a sort of microstrip four channel =~ Vz+V, ~
directional coupler. A 140 MHz RF signal is
applied on a stretched wire placed (nominally) in
the center of the monitor bore. y=ayD, +ay,

* A Wire Position Monitor (WPM) system has been
developed for on-line monitoring of the cold mass
during cooldown and operation.

* The low frequency vibrations of the cold mass,
amplitude modulate the RF signals picked up by
the microstrips.

* The microphonics (and the sub-microphonics) can
be recovered de-modulating the microstrip RF
signal.
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Preliminary Vibration Spectra

WPMs 4 and 11 are close to the central post: cold mass fix point.
WPMs 7 and 14 are at the end of the corresponding cryomodules.

[micrans]

WP 4 8.7 Vertical Position
T T T

wpm 7

wprm 4

Carlo Pagani

WPM 11 & 14 Vertical Position

— WPM 14
— WPM N

[microns]
=]
=~
o

o
&)

it uk il ..
5 10 1% 20 25 30 35 40 45 50
f[Hz]

WWPM 11 & 14 Horizontal Position

— WPM 14
— WPM I

[microns]
=]
-
o

=)
&)

(=)
ha
&)

ot b l'l'm’""d‘“ﬁﬂ!‘J“@aﬂﬂuum it .J'N.U.; gl

1% 25 30 35 40 45 50
f[Hz]
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We have preferred to not filter
completely the wire oscillation
lines to not suppress useful
information.

Looking to WPM 14, a significant
amount of noise is present
between 10 Hz and 30 Hz, 30
Hz and 40 Hz, due to the
proximity of vacuum pumps and
similar devices, and under 10
Hz, possibly due to the
cryogenic system.

On the contrary, the spectra of
the WPM 11 signals, which is at

the central post position, shows
only the harmonics (filtered) of
the wire oscillations.
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Module Assembly

W Bl The module assembly is a well defined and
| f" standard procedure.

- experience of 10 modules exists

* the latest generation (type III) will be
used for series production (XFEL
requires 120 modules)

- several cryogenic cycles as well as long
time operation were studied

* the assembly problems occurred are
well understood and cured

—
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The TTF I Linac - 6 Year exp.

e  beam e  beam
diagnhostics bunch diagnhostics

compressor

e {

laser driven
electron gun

undulator

pc:\.ofon bgam superconducting accelerator pre-
iaghostics modules accelerator
240 MeV 120 MeV 16 MeV 4 MeV
beam position quadrupole
He gas return pipe monitor package

T I
I input coupler |
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TTF I Commissioned

ACC 5 ACC 4 ACC 3 ACC 2 ACC 1 RF gun

800 MeV 400 MeV 120 MeV 4 MeV

p— Second Bunch
o e=commpressor VUV FEL User Facility
0% + Linac Commissioning under way

+ SASE FEL Commisssioning by

TESLA likewtunnel for September this year

\\ ACC 6 & ACC 7

=i
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RF results in module # 5

BCP Cavities

* 6 cavities exceed 30 MV/m (single cavity test) Cavity tests:
* 1 cavity shows field emission at high field B \ertical (CW)
« 1 cavity is quenching at 25 MV/m (225 Horizontal (10Hz)
B Module 5 1Hz
35 « 5 Hz Test to demonstrate a 25 MV/m module =7 Module 5 ESHZ;
. with equal power feeding
i [ dark t
] :‘:;: ark current src
30 <
] 0%
1 S
)
25 T
ol
1 IS
= { S
[<X]
€ on 1
S 20 T
= 1
] %
= 1 B %
] = <. %]
10 3 < R b
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- e 2!
1 o
5 ] ::3’1 I::z}
1 S KX
04

Cavity 14.09.2003
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1011 .
- Vertical CW tests of EP cavities ¥ o
" from 3rd production ~eACT2ep 1D - ; o 7
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April 1st 2004

o Very fast conditioning
of cavity and coupler

o Full pulse length (800
us flat top) and 5 Hz
repetition rate easily
achieved

o Quenches easily
detected and recovered

o With just feedforward
for Lorentz force
detuning compensation
AC 72 was stably
operated for several
hours

o Feedback successfully
tested

Carlo Pagani

%M%gn] Cavity 5 Probe Ampl.
0.3 N\
o.28E) \
0.2+ / N\

N

0.15 E /
0.1F {
0.05 f/
e o B e O e

22 h 0. 600. 1200. 2000
(EEBEN Res=16,Buf= 6 [ &b@a" &bal

. Plot thistory)
i TTF2.KRYO/EPICS _MKS1TTR/TMTSP1R44_AI/VALUE

[°]1 cavity 5 Probe Phase
200. E

100. |,
40.
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-80.-

~140.-
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= 0. 600. 1200. 2000
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Summary of AC72 Test in ACC1

l Cavity P72 Test: 8 Couplery
M M day mon h min
« One of the Electropolished cavities #AC72) i SR SEeE
Wﬁs \l/an);r/al[l_eEcli—m‘ro the module ACC 1 for e e
the - 3520? cal
. zgz /WM\ :tlnclbl K
* Cooldown of the LINAC finished on March . AR S
31st Ez / \\4 [ ®.05
* Cavity was individually tested in the 23_/’( lﬂﬁﬂ|l§@ﬂ‘
accelerator with high power RF R L I T
BO0.0- Pforward [kil]
. 1 .
L ] . 0.0= Puwr-calib.
ReSUI'r :m.oz F-ADC ﬁ
35 MV/m in the accelerator! - P 4]
2000- [ BELID
. . . . hE s o S
 Calibration has been confirmed with beam N | meEs
and spectrometer B T m-_,ﬂﬂ ‘
BO0.0- Preflected [kil]
* No field emission detected 00 Prcas [~
;mci \ F-ADC Lo
* Preliminary good results with LLRF and smo; Pt
Piezo-tuner 200; \Mﬂh\“\ N O
) ) ) ‘ICUCE —— <~
* No degradation, neither the cavity nor the 000_53310:)315332;4? Eﬂlﬁﬂ‘
coupler, as is expected for SRF cavities. T — e
¥-Ray dump = MaM iy min RepR :|T Hz
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THE TESLA RF Unit

1 klystron for 3 accelerating modules, 12 nine-cell cavities each

vector
modulator Bk Klystron

EES
N
_l.‘_ _Lr
N < <3
\\\l— y

SIE I:I-C) circulator :|'<>
o|| o

Mechanical tuner

dj.
@ stub tuner (phase & Qext) @ (fr‘quency ad) )'
Low and piezo-electric tuner
Level JL coaxial coupler JL (Lorentz force compensation)
RF \
System — \ AV
T - 9see0- - __
cavity #1 cavity #12 ——
( - |~J\ I
vector sum N ’,I’j\:;) pickup signal
* LU 2
ADC ’o €
; ADC L] accelerator module 1 of 3
vector

demodulator
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TESLA Multi Beam Klystrons

The 3 major Klystron Industries are endorsed in the ILC klys development
Design goals reached - MTBF ~ 100,000 hours expected (40,000 quoted in the TDR)

ITRP Vit 0 DESY, 55 Apel 2004
™70 MW MULTI BEAM KLYSTRON. TSt A

A BEURAS K MARCHESIN G LECLOAREC / TEDF

MULTI BEAM KLYSTRON

The LC cold option

fined ot o @ 1L whene U is

Ot of ther parameters whi
the kiystran cathods

oltage and fhwml Forapmnm of 200 N\c”' T afficiency it hpically 45%, whanas

at05 1IHAN, eficiancy of TD% i theombcally achisvabie, Ths is dos 10 the lower space chame forces with snatios

Eirong beam Eunching and consequantly highar efficency,

Tha AF power of org pulie single bedam kiysirons is imited by the high voRage the gun can withstand. To i the cathode
high voltage, th porviance of ihasn convantonal kiysires is cosed 1 th maimum pocical vilue of 2104 AN
To incrasss the currend and e Tho power, 18 MUl beam CoNCRpE S 12 ube sevaral L parvence paratel bems.

he RF faid of

travel wcugh

Thase b
Tha advantage ol this sclution s he lower voltage moured and the higher officikency the singla

MAIN DESIGN PARAMETERS

=7 low pareaance baams 0 SuPeﬂ

Lm pulse gun design 15
WAkt Lathon cioda e (M fype camiodes) L
6 cavies ntracion s¥uct it

* 2 output wane guides WRESO
+Samo

technology as comentonal Mys¥on
Touvidal mstti-gap cavity
fundamental mode
tunable cavives

MEASURED PERFORMAMNCES

Camhode Voltage 4118 K

Beam Curent 134138 A

Perveance 3335 pPerv

Output RF Peak Powar 10 L

Output RF Average Power 150 KW 500us x 30 Hz F

Output RF Avarage Powst 150 KW 1500u8 % 10 Hz DESY

Efficency &8s *

Drivie RF Peak Power 140 W

Gain 485 a8

Eloctromagnat powar 55 KW

> Gun design improvement under progress 1o minimize gun arcing
ocoumence

3 TUBES DELIVERED TO DESY

THALES

ITRP Visit 1o DESY, 598 Agril 2004
TESLA

The LC cold eption

i

= The VKL-8301
= Multiple Beam Klystron

L Wrghe, & Makcuan, M. Bobien, M. Cattedra, L. G, M. i, . Wi, . Uiy’
Y. Priadunr 5 eccl | Pt . i, 8 Sockwid i el

14 . 5 B4 A, £ BT
A S 140, 3 B Al Baregm, A8 8101

ITRP Visit to DESY, 5% April 2004

THE TOSHIBA E3736 MULTI BEAM KELYSTRON
8. Miyake, A. Yano (Toshiba Electron Tubes & Devises Co., Ltd. , JIpsn)TES.—A

8. Kuzakov, A. Larionov, V. Teryaev (BINP, Russia)

¥. H. Chin (KEK, Japan)

A 10-MW, Leband multi boam klystren (MEK) for TESLA Lnear collider and
TESLA XFEL has been under development at Toshiba Electron Tubes &
Devices Co., Ltd, (TETD) in collaboration with KEK. The TESLA requires
paluad kiystrons capable of 10 MW outpit power st 1300 MHz with 1.5 ms
pulis langth and & replotice; rate of lepa FThe MBE with & lowperveanse
boams in parallel in the kiystron ensbles uwmmnlnnwm

woltnge with haghor lficioncy. Tho design work has beon sccomplished and
the fabrication is under way. Wa am going Lo start conditionineg and testing of
protosype #) in the mid of April. The design parameters for the EST3
kdystron are shown in Table 1.

Tha L cold cption

Table 1. Design Parameters of the E3736

Operating Frequency 1300 Mz
Poak Output Power w0 MW
Average Output Power 150 kW
Boam Veltage 16 kV
Tonm Current m A
Ei =65
RF Pulso Duration 1E20ms
Fupetition Rato 10 ppe
Saturatica Gain 47 dB
Number of Beams @
Humbor of Cavitios @
Cathodo Loading <21 Aem®
| Solencid Power <t kW

Ll

Figpare 4 FCI Simulation Result

TOSHIBA

Representatives of: Thales, CPT and Toshiba participated with posters to the ITRP visit to DESY

Carlo Pagani
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Modulators are not a concern

Work towards a more cost efficient
and effective design started

Hazardous components minimized
Most components are standard

Industry is ready to built furn key
modulators fulfilling the specs

FNAL Modulator at TTF

¢ 10 Modulators have been built, 3 by
FNAL and 7 by industry

¢ 7 modulators are in operation
¢ 10 years operation experience
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RF Waveguide Components

All standard components - Technology well established - Produced by Industry

3 Stub Tuner (IHEP, Bejing, China) E and H Bends (Spinner)
_ Circulator (Ferrite)

Peak Power = 0.4 MW

Hybrid Coupler (RFT, Spinner)
Peak Power = 5 MW

2
~
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RF Distribution of Module # 4
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LLRF performance in TT

LN YR

75 T T T T T T T T T
Principle of RF Control with feedback and feedforward
motr S o Operation with Final State Machine control
mcm ' cavity 1 po @it i@nsmission line cavity 24 _ camy3s - - r’s
1.3GHz 4 P T SCU T PO iy U P TR e =
77777777777777777777777777777777 J >
\only feedback
50
E(%) (gain = 70)
’ * zoomed region
2 T ’7} —
>
L E I =
} )
Z vector-sum | ! & o5
i 3
Re* ‘Im B ! z
digital | £
low pass | =
filter ! o)
! °
) DSP ! - g
setpoint system | from TTF Console in N
"o 500 900 1300 1700
_ _ Adaptive Feedforward time [us]
Microphonics
Contributions to Energy Fluctuations Measure Step Response s
Lorentz Force zoomed region
. . UTR R
Microphonics ) Tlt T: ) T;n Closed Loop 3 1
Bunch-to Bunch Charge Fluctuations e - S [ S— ||| - Identification ;.
o - Tt T Tn" 3
. Calibration error of the vector-sum i " T | i
. Phase noise from master oscillator rmm—— L ,
Non-linearity of field detector g g j
. e :
Klystron Saturation }
. )
. RF curvature (finite bunch length) calculate ; i i i i i
Correction of 1 - - - - -
- Wakefield and HOMs T | old FF Table i S F o 0 0o h
i measure C(mlml* * new FF
Lorentz Force Detunin g Error ¥+ bl with feedback and feedforward
= k= control
¢ o KPP —l-—l o k
Wavelet 4
t Filter . only feedback
(gain = 70)
Adaptive Feed Forward can handle nonlinear systems through 5
linarisation around the operating point. h
The calculation of a new feed forward table needs only a 0 500 900 1300 1700
few seconds.
time [ps]
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LLRF: Operation Example

Phase Adjustment Using Beam Transients

before adjustment after adjustment
Module 1* (ACC2) Module 1* (ACC2)

90 .08 90 (.08
180

180

AN . AT NN 210\

240

270 RF vectors during 2
800 us flat top
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LLRF: Operation Example

Operation of a Module (# 1*) above its Quench limit

Cavity quench detection algorithms and exeption [(M/n] AcCC2 Cav_8 Probe Ampl.
handling procedures analyze the probe signals...

[Mv/m] ACC2 Cav_3 Probe Ampl.

[Mv/m] ACC2 Cav_8 Probe Ampl. [Mv¥/m] ACC2 Cav_8 Probe Ampl. [My/m] ACC2 Cav_2 Probe Aupl.
[Mv/m] ACC2 Cav_1 Probe Ampl. [¥]
30.

[MY/m] ACC2 Cav_3 Probe Ampl. [M¥/m] ACC2 Cav_3 Probe Ampl.

[M¥/m] ACC2 Cav_2 Probe Anpl. [M\-‘,’n] ACC2 Cav_2 Probe aAmp].

[Mv/m] ACC2 Cav_1 Probe Ampl. ¥ 2MWn ACC2 Cav_1 Probe Anpl. ¥ - o

25. 5. A4

— 20.+ 20. L

15.4 15. 1+ 15.+

10, 10.+ 10.+

5.4+ 5.4+ 5.4

U_»lA!qu!u!u!qu'.I. 0._1-!|||!|l||||!||| O_I‘L!||L!||11||l!1‘|

0 400 BOO. 1200. 1600. 2000 0 400 800. 1200. 1600.  2000. 0. 400. 800. 1200. 1600. 2000.

Stable Module #1* operation with slowly but steadily increased gradient

1st quench: Cavity 2 2nd quench: 3rd quench: Cavity 1
E,..=19 MV/m E...=21 MV/m E...=24 MV/m
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Global SCRF Test Facilities

« TESLA Test Facility §T'|'F) @ DESY
r

currently unique in the world
VUV-FEL user facilit
test-bed for both XFEL & ILC

« US proposed SMTF @ FNAL
Cornell, JLab, ANL, FNAL, LBNL, LANL, MIT,
MSU, SNS, UPenn, NIU, BNL, SLAC

currentl regues‘rin%funding
TF for ILC, Proton Driver, RIA (and more)

« STF @ KEK
?Zgressive schedule to produce high-gradient

MV/m) cavities / cryomodules

o Others?
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STF @ KEK

: 10m x 10m
5e x 15
gy i k]
& e

' - :

~sispriical Tes
qr ea

Cryomodule Assemble Area i i

_‘_‘_-_,.rﬂm__“; S —
|"TT- . amm
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)

-,Cooling water

e
B | "Jﬂﬂ
i Control roo

+_
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i e L ——y
Krlf‘A e & o
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—‘f"-'-—ff«ly»fl\nod L Kiy+Mod. 1 NEHI] J 0.2
AR | (RFGun) 4 (1stCa\r|1y) | NEW Ml + Mod. New Hly + Mad.
Yoy ‘ k E | _‘_r_niu-‘:(.crgzimodu — i
=¥ B | : 2 ‘7. [ 3, A i
A T ] 1 2 [ 3

: /;;‘Air -cond tlonlng,’,

19,000

— mnmey
J L LR
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X
L2 e iman-

T 10m

Ca'vity Process
& assemble Area

N

(&)

(clean rooms) ':? - -
cavity formlng test area I £ P 1. o i .""’J’L _____
i _i; __'_‘_-fyix = I:!" 3 ; ""?,'.:l'.i—“'._‘l i) | L= .,_H."-‘—- ]i‘w e
1 | L ‘-ihl I \': -.-_‘ L‘i‘ ﬁl i‘| ﬁ &-fm thr 5’:":? "
| [ | S _. D]:t |DC PS for Mod..
‘ newbuildin? B =™ =a | ‘
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e o -m . . - I_usa 1
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Carlo Pagani

e - ) -
T J——.z.» -
17m (12 cavities) Cryomodule X 3R Eeam Diagnoetics

Plan of Superconductmg Cavity Test Facility (STF)
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V2.1 Hitoshi Hayano, 11/03/2004
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SMTF @ FNAL as presented to DOE

FNAL Meson Area SM&TF Layout Concept
Proton Driver “The SMTF pr‘oposa| iS 1'0

2RA Loy Tewt develop U.S. Capabilities in
LN high gradient and high

Q superconducting
accelerating structures

in support of

| AO Photoinjector |} —
& Beamn Tests .

(e o e International Linear Collider
o S oy Proton Driver
1.3 GHz ILC Cryomodule RIA
d\ 4th Generation Light Sources
INFN Cold e
Mass W Electron coolers
Coromodue F== R lepton-heavy ion collider
- - and other accelerator
| ] == 3 . .
@ — T — projects of interest to U.S
o and the world physics

— community.”
KEK Cavities
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Main Linac: The Cost Driver

* Main Linacs are the biggest single cost item

10 years of R&D by the TESLA collaboration has
produced a mature technology
- But we're not quite there yef...

* Primary focus of future R&D shou/d be
- successful tech. transfer to industry
- cost reduction through industrialisation
- need extensive effort to achieve high reliability !l

« XFEL project is already doing much of this within
Europe

« Within 'brave new ILC world', there is still room for
discussion

- One important question:
"What should the design gradient be?"
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About the Gradient for ILC

e 35MV/m is close to optimum Japanese are pushing

* 30 MV/m would give safety margin for 40-45MV/m

1.2 :
"ICHIRO" cavity
1.12
116 Larger magnetic volume
o 1 Lower peak magnetic field
o 1.12
E’. 1.1 Brcline Low Loss Shape
) ‘oo TESLA shape LL
Q
S 108
—+
1.04
1.02
1
0.98
20 25 30 35 40 45 50 55 60
C. Adolphsen (SLAC) Gradient MV/m
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A Few Remarks

¢ Production of TESLA Cavities with accelerating field exceeding
35 MV/m has been proven.

* All the previous limiting factors, including Q-drop and dark
current have been understood and can be cured,

® TESLA Technology is widely distributed and its basics are on
hands

¢ Industry has already most of the required know-how and
technology transfer started.

* The costing process for the TESLA TDR has been based on
industrial studies for mass production. All the fabrication steps
have been analyzed and reviewed by industry.

* But a lot of work is still to be done for reproducibility, reliability
and cost compatible with ILC
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