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RI	cavi?es	only	i.e.	ILC	
processing	cycle	
	with	EP	
Will	likely	exceed	ILC	
gradient	specs	with	
~20%	reprocessing	as	in	
the	TDR	

XFEL	Final	Cavity	Data	-	RI	cavi?es	only	
	

LC	Days,	Paris	2016	
Mike	Harrison	
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XFEL	Final	Cavity	Data	-	RI	cavi?es	only	
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XFEL	Cryomodule	produc?on	rate	
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XFEL	Cryomodule	performance	
	

ILC	assumed	a	~10%	degrada?on	



LCB	August		2016	Chicago	
Mike	Harrison	

XFEL	Experience	-	conclusions	
	

•  ILC	gradient	spec	of	35	MV/m	±	20%	is	confirmed	by	
XFEL	cavi?es	

•  XFEL	cavity	processing	cycle	again	validates	ILC	
assump?ons		

•  ILC	cryomodule	produc?on	rate	of	1/wk	exceeded	
towards	the	end	of	produc?on	

•  ILC	assumed	gradient	degrada?on	when	the	cavi?es	
are	in	the	cryomodules	(10%)	make	be	conserva?ve	
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Nano-beams	at	ATF2	-	KEK	

Beam	Delivery	system	op?cs,	instrumenta?on	test-bed,	tuning	and	feedback	demonstra?on.	
Common	interests	for	both	CLIC	&	ILC	

PAC	Paris	April	2015	
Mike	Harrison	
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Goals of ATF2 	

•  Achievement of small (37 nm) beam size (Goal 1) ✔ 
–  Demonstration of final focus system based on local chromaticity 

correction 

•  Control of beam position (Goal 2) ✔ 
–  Demonstration of beam orbit stabilization with nano-meter 

precision at the IP, using intra-pulse feedback 

•  Beam size intensity dependence   (“Goal 3”) ✗

•  Other studies: 
   Lower beta-y* (mainly for CLIC) 
   Ground motion – orbit feedforward 
   Development of instrumentation (beam monitors) 
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• Intensity dependence was not changed so much by FONT FB.
• Maximum modulation was increased by FONT FB.

IP beam size with/without FONT FB
To be presented by Y.Kano at ECFA LCWS2016

ECFALC16,	T.Okugi(KEK)	

Two	bunches	180	ns	
separa?on.		Feedback	
on	the	second	bunch	
from	the	first	

2016 ATF2 results	
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IP beam size with FONT FB at N=0.7e9

41.1nm

Beam size at N=0.7e9 with FONT FB was present record of ATF2 IP beam size

ECFALC16,	T.Okugi(KEK)	

2016 ATF2 results	
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Orbit Stabilization
5 FF sextupole
Skew Sextupole Modification

FONT FB ON

1 Skew Sextupole Installed

4 Skew Sextupole Installed

Sextupole Swapped

4 FF Sextupoles

Preliminary

Summary of the IP vertical beam size measurement  

Beam size was focused to less than 44nm at 2014/06 at N=0. 5e9.
- without orbit FB, because the temperature stability was good in summer.

Beam size was focused to less than 43nm at 2016/02 at N=1.0e9.
- with orbit FB, 5 normal sextupole magnets, new skew sextupole magnets.
- The beam size was kept in 1 day.

Beam size was focused to less than 41nm at 2016/03 at N=0.7e9.
- 2nd bunch beam size with FONT FB.
- We cannot understand yet the reason of the difference with/without FONT FB.

ECFALC16,	T.Okugi(KEK)	

2016 ATF2 results	



LCB	August		2016	Chicago	
Mike	Harrison	

ATF2	Next	Run:	Oct	2016	

Main	emphasis	is	now	the	intensity	effects.	
	
We	are	planning	to	remove	1/3	of	the	cavity	BPM’s.	
	
This	will	reduce	the	wakefields	by	~	factor	of	2	
	
We	hope	it	will	give	clear	results	in	terms	of	how	to	
proceed	
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Design	Ac?vi?es	
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ILC Baseline Tune-up Dumps	

ILC Tune-up (abort) dumps with maximum design ratings	

E+/E-	Dumps	1,2,3	are	at	a	fixed	5	GeV,	with	E+/-	6	at	15	GeV.		
4,5	&	7	at	250	GeV	or	full	energy.	
	
All	dumps	except	the	main	final	E+/-	5	could	have	lower	ra?ngs	with	a	reduced	set	
of	maximum	beam	parameters	used	during	tuning.	

Design	Ac?vi?es	-	Dumps	

Ewan	P	
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Photon	Dump	(positron	produc?on)	
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Photon	Dump	
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Design Activities: CFS items	

•  Tunnel length change 
•  Cryogenic system changes 
•  Positron Source configuration 
•  Tunnel cross-section 
•  Beam delivery system layout 
•  Detector Hall evolution 
•  Site specific footprint – IP location, exits and entrances 

Essentially tracking the design changes 



LCB	August		2016	Chicago	
Mike	Harrison	

	
“standard”	120C	bake	vs	“N	infused”	120C	bake	

Grassellino,	
Aderhold		

•  Same	cavity,	sequen?ally	
processed,	no	EP		
in	between	

•  Achieved:		
45.6	MV/m		
à	194	mT	
With	Q	~	2e10!	

•  Q	at	~	35	MV/m		
~	2.3e10	

Increase	in	Q	factor	of	two,	increase	in	gradient	~15%	

New potential breakthrough: very high Q at very high 
gradients with low temperature (120C) nitrogen treatment

4/12/16Alexander Romanenko | FCC Week 2016 - Rome34

- Record Q at 
fields > 30 
MV/m 

- Preliminary 
data indicates 
potential 15% 
boost in 
achievable 
quench fields

- Can be game 
changer for ILC!

SRF	R&D	and	Cost	Reduc?on	
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SRF	R&D	and	Cost	Reduc?on	
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SRF	R&D	and	Cost	Reduc?on	
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9-cell fabrication
(EBW)

Optical inspection
(inner surface)

Light etching 
(BCP)

100-120um EP

Cleaning

800 deg C bake

RF tuning

Light EP 
(20-30um)

Ethanol/
detergent rinse

1st HPR

Initial assembly
(clean room)

Final HPR

Final assembly
(clean room)

Leak check

120 deg C bake
(in situ)

Assembly of 
LHe tank

Pressure testing

cold low-power 
RF test

(vertical test)

Mechanical 
surface repair

to string and 
module 

assemmbly

Cavity	Prepara?on	

A.	Yamamoto	

2nd	Pass	sub-mm	surface	
defects	
	
equator	weld	
(cri?cal)	
	
<20	MV/m	

Field	emission	
	
Thermal	
breakdown	
(quench)	
	
<	35MV/m	

Poten?al	process	simplifica?on	
25%(?)	reduc?on	including	some	second	pass	frac?on	
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Obviously the results need to be extended to 9-cell cavities.  This is 
taking place at Fermilab now. 
 
These results need to be confirmed independently.  This will be done 
next at DESY. 
 
2K v’s 1.8K in this context ? (DESY hi-grade program) 

SRF	R&D	and	Cost	Reduc?on	
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Value Engineering	

Most cost reducing activities that come under the general rubric of 
value engineering are relatively benign from a design perspective: 
tuners, couplers, HLRF, niobium stock, cavity & cryomodule process & 
production, etc…  Thus most beneficial changes can be incorporated at 
any time within reason. 

CR-012	



LCB	August		2016	Chicago	
Mike	Harrison	

Machine Geometry	

The one central topic where that is not not transparent is the operating 
gradient since that directly effects the machine geometry/collision point.   

Cryoloop spacing changes, access point spacing changes, collision 
point timing changes.  None of this can be finalised until the 
accelerating gradient is defined. 
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25 

U?lity	Penetra?ons	

The	actual		
design	is	more	or	
less	the	same	
but	the	spacing	
changes	
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26 

Tunnel	Access		
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27 

Central	Region	
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How to proceed ?	

Many cavities (GDE used 87) are needed to define the actual 
operating gradient distribution.   
 
In the absence of a fully fledged multi-year cavity R&D program 
then one could fix the geometry and let the energy float ?  Since 
the cavity gradient is a distribution not a delta function then there 
is an element of this approach in any case.  Unlike a circular 
machine the energy is not defined by the worst “magnet”. 
 
How do we incorporate the XFEL cryomodule degradation 
results ? 
 
R&D programs by definition can last for ever.  How do you define 
“good enough” ? 
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Cost reduction	

How much could you save ? 
 

To lowest order a gradient/Q increase would result in less 
cryomodules, less HLRF units, shorter tunnel, less 
cryogenics.  10% increase in operating gradient -> 6-8 % 
decrease in total cost 
 
Other items arising from ML value engineering 2-5%  ??? 

Funding for the R&D ? 
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TDR	Value	Es?mate	500	GeV	

Common%
7%%

Electron%Source%
3%%

Positron%Source%
4%%

Damping%Rings%
6%%

RTML%
8%%

Main%Linac%
66%%

BDS%
4%%

IR%
2%%

CFS$Civil(
construc0on(

18%(

CFS$other(
11%(

L$band(Cavi0es(
and(

Cryomodules(
35%(

L$band(HLRF(
10%(

Cryogenics(
8%(

Installa0on(
1%(

Magnets(and(
Power(Supplies(

6%(

Controls(and(
Compu0ng(

Infrastructrure(
6%(

Instrumenta0on(
1%(

Dumps(and(
Collimators(

1%(

Vacuum(
1%(

Non(L$band(RF(
1%(

Area(system(
specific(
1%(

CFS$Civil(construction 10%
CFS$other 6%
L$band(Cavities(and(Cryomodules 32%
L$band(HLRF 9%
Cryogenics 7%
Controls 2%
TOTAL%Main%Linac 66%

By	accelerator	
system	

By	technical	
system	

7.8 BILCU  
ILCU	=	$FY12	

Value	es?mate	–	no	con?ngency,	infla?on,	pre-ops,	
R&D,	spares,	etc….		

Host	

Host	

Host	


