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More than 20 circular e+e- colliders have in built and operated since 1962.
This is the most experienced and matured scheme in HEP.

Lan Luminosity
Collider Location | Scheme | Energy (10 . ) Year
(GeV)
AdA Frascati S 0.25 ~ 10° 1962
ACO Orsay S 0.5 0.1 1966
Adone Frascati S 1.5 0.6 19691993
SPEAR SLAC S 4 12 1972-1990
VEPP-2/2M BINP S 0.7 13 1974
DORIS DESY D 5.6 33 1974-1993
DCI Orsay D 1.8 2 1976-2003
PETRA DESY S 19 30 19781986
VEPP-4M BINP S i 50 1979
CESR Cornell S 6 1,300 19792002
PEP SLAC S 15 60 1980-1990
TRISTAN KEK S 32 37 1986—1994
BEPC IHEP S s 13 1989-2005
LEP CERN S 46 24 1989-1994
DA®NE Frascati D 0.7 150 1997
LEP2 CERN S 105 100 19952000
PEP-11I SLAC D 3.1 /9 12,000 19992008
KEKB KEK D 3.5 /8 21,100 1999-2010
CESR-c Cornell S 1.9 60 2002—2008
VEPP-2000 BINP S 0.5 120 2006—
BEPC-II IHEP D 91 710 2007—
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LEP — largest circular e*e” collider so far
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Integrated luminosities seen by experiments from 1989 to 2000
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KEKB — brightest circular e*e” collider so far

Oct. 1999 - June 2010
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Accumulaed 1000 fb-1 in about 10 years.

The next generation e+e- collider must be the largest AND brightest!



Future high-energy circular colliders

China: 50-70 km e*e” /s=240 GeV (CepC)
followed by 50-90 TeV pp collider (SppC)
in same tunnel

50 km e*e” machine + 2 experiments:

3 pre-CDR: end 2014

d construction: 2021-2027

4 data-taking: 2028-2035

Possible site:
Qinghungdao

Best beach & cleanest air
Summer capital of China
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"~ Qinhuangdao |
Tmasm
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KiEh Y. F. Wang
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Parameters are indicative and
fast evolving, as no CDR yet

CERN FCC: international design study for

Future Circular Colliders in 80-100 km ring:

Q 100 TeV pp: ultimate goal (FCC-hh)

Q 90-350 GeV e'e: possible infermediate
step (FCC-ee)

Q Js= 3.5-6 TeV ep: option (FCC-eh)

Goal of the study: CDR in ~2018.

Schematic of an
80 -100 km
long tunnel

‘alaz



Future Circular Collider (FCC) study ; goals: CDR and cost

review for the next European Strategy Update (2018)

International collaboration :

* pp-collider (FCC-hh) —>
defining infrastructure
requirements

~16 T= 100 TeV in 100 km
~20T=100TeV in 80 km

IHICiuulili IS I LIy UpPYLIVIL.

16-20 T in LHC tunnel

« e*e collider (FCC-ee/TLEP)
as potential intermediate
step

Schematic of an
80 - 100 km

* p-e (FCC-he) option

e 100 km infrastructure in

Geneva area
M. Benedikt



CepC/SppC study (CAS-IHEP), CepC CDR end of
2014, e*e- collisions ~2028; pp collisions ~2042
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CepC/SppC study (CAS-IHEP), CepC CDR end of
2014, e*e- collisions ~2028; pp collisions ~2042
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parameter

Ebeam

circumference [km]
current [mA]

P SR,tot

no. bunches

Oz sR

Og tot

hourglass factor

L

LEP2

104
26.7
3.0
22

4.2
22
250
1.2
50
3500
11.5
11.5
0.99
0.01

45
100
1450
100

16700

1.8
29
60
0.5

250
1.64
2.56
0.64
28

FCC-ee
Z (c.w.) )}
45 80
100 100
1431 152
100 100
29791 4490
1.0 0.7
0.14 3.3
1 1
0.5 0.5
1 1
32 130
2.7 1.01
5.9 1.49
0.94 0.79
212 12

120
100
30
100
1360
0.46
0.94
2
0.5
1
44
0.81
1.17
0.80
6

175
100
6.6
100
98
1.4
2
2
1.0
1
45

1.16
1.49
0.73

1.7

CepC

120
54
16.6
100
50
3.7
6.8
20
0.8
1.2
160
2.3
2.7
0.61
1.8

F. Zimmermann



beam-beam tune shift & energy scaling
tune shift limits scaled from LEP data, confirmed by FCC

simulations (S. White, K. Ohmi, R. Assmann & K. Cornelis, EPAC2000
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beamstrahlung lifetime

example: FCC-ee H (240 GeV c.m.)

equilibrium distribution w/o AN lifetime vs. momentum
aperture limit from simulation acceptance
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simulations confirm tantalizing performance
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Lattice for smaller energies

£ = (6—5) (yD* +2aDD + D)
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Lattice for smaller energies

£ = (6—;’) (yD* +2aDD + D)

> Lce//= 150m

Court. Bernhard Holzer
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24 March 2014 Bastian Harer - Status TLEP lattice design



FCC-ee IR design #1
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FCC-ee IR design #1
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FCC-ee IR design #1
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FCC-ee IR design #1
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FCC-ee IR design #1
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FCC-ee IR design #2
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FCC-ee IR design #2
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FCC-ee IR design #2
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Trajectones at 20G G0=-9.4 kG s/ci =1.2 cm, & x=3.5 cm, E=17
015 G1=9.3 kGsicm, R1=1.9 cm, A x=14.2 cm, 26=30 d
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Trajectones at 20G G0=-9.4 kG s/ci =1.2 cm, & x=3.5 cm, E=17
015 G1=9.3 kGsicm, R1=1.9 cm, A x=14.2 cm, 26=30 d
D
5
0.1 i i i : 2]

ted + sextupolges, Kinematic, tfringe ,blue—oT\Iy

. :rw (]:ra Ose:Ytulp?res,l Dlg CKI— e'\(erlyﬁnlm . | VI\A

Z.m 5 0 50

........

FFIl  CCSY CCsX CRAB
~100. ftrr——————— a7 0.15 ~ . 3000, ——— N — -
h\% 90. ‘—‘Bzg ',| IW B» Z - 0.13 & 4500 ] Wx H} L/ %- E
T 5 . S 0,10 S 2000. | [\ QOO S
¥ ’Q\c’ - 0.08 3500. _f—/J | C‘\O S
' S‘ - 0.05 3000 1 \)(\ .\O(\
W [ 0.03 2500. 4. N\ L€ - 0.0
- 0.0 20001 (’(\6 A\°
- - O < 0.2
p-0.02 1500 W . ACO
. L -0.05 o (\\\(\ 0.4
- '3‘ fi 500. L (\OL --0.6
AR W e=\| T -0 - L,
. . f \’ -0.13 OO0 160 200 300 400 500
400. "~ 5oo. .

8 (m)

A. Bogomyagkoy, E. Levichey, P. Piminov, IPAC2014



FCC-ee/hh: hybrid NC & SC arc magnets

twin-aperture iron-dominated,
compact hybrid “transmission
line” dipoles - for injector
synchrotrons in FCC tunnel
* resistive cable

for lepton machine 600
* superconducting

for hadron operation

required dynamic range ~100
hadron extraction 1.1 T
lepton 1njection: 10 mT

A. Milanese, H. Piekarz, L. Rossi, IPAC2014
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FCC-ee/hh: hybrid NC & SC arc magnets

twin-aperture iron-dominated,
compact hybrid “transmission
line” dipoles - for injector
synchrotrons in FCC tunnel
* resistive cable
for lepton machine s0c
* superconducting
for hadron operation

hadron extraction

one of many synergies bgtWeen
lenton inecFCC-hh and FCC-ee o

A. Milanese, H. Piekarz, L. Rossi, IPAC2014

||||||
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FCC-ee: e*e collider up to 350 (500) GeV

circumference =100 km A Blondel

Accelerator ring for top up injection

Collider ring

short beam lifetime (~t,»,/40) due to high luminosity

supported by top-up injection (used at KEKB, PEP-II, SLS,...);
top-up also avoids ramping & thermal transients, + eases

tuning



FCC-ee: e*e collider up to 350 (500) GeV

circumference =100 km A Blondel

Accelerator ring for top up injection

extremely high luminosity;
requires full-energy injector

Collider ring -\- )

short beam lifetime (~t,»,/40) due to high luminosity

supported by top-up injection (used at KEKB, PEP-II, SLS,...);
top-up also avoids ramping & thermal transients, + eases

tuning

top-up injection is the key to >




global desic o {ERIGE

Q1 Q2 Q3 Q4 Q1 Q2

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

Q3

Q4

Prepare

Kick-off, collaboration forming,
, —>study plan and organisation

Ph 1 Explore options
“weak interaction”

4 large FCC Workshops
distributed over
par’nmpahng reglons

‘@ Workshop & Rewew éldenhflcahon of baseline

Ph 2 Concepiual siudy of
baseline “strong interact.” .

LHC results > study re-sco
Ph 3: Study J

consolidation

Workshop & Review, cost model,

ping?

| | | |
Workshop & Review
- contents of CDR R ; ‘
| epor

Release CDR & Workshop on next step

@

% presently dlscussmns with potential partners (MoUs)
- first international collaboration board meeting at CERN

on 9 & 10 September 2014

M. Benedikt
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Parameter comparison

Rings FCC-ee Z | FCC-ee tt LEIIELE/KI]IBER ig}ir;{ggg
Beam energy 46 175 3.5 /8 47 GeV
Circumference 100 km
Current / beam 1.45 0.0066 ~ 1.6/1.3 3.6 /2.6 A
Bunches / beam 16700 98 ~ 1500 2500
Particles / bunch 1.8 1.4 ~0.67/0.54 | 0.90 /065 | 10!
Hor. emittance 29 2 18 / 24 3275 nim
|| Ver. emittance 60 2 ~ 150 10 / 15 pm
e /e, 0.2 0.1 ~ 0.8/0.6 0.27 V4
on 500 1000 ~ 1200 32125 mm
B; 1 1 ~ 6 0.27 /0.3 mm
|| Bunch length o, 2.6 1.5 8 /6 6 /5 mim
|| Momentum spread w/BS 6 19 9/ 7 7/6 i
Half crossing angle ? ? 11 41.5 mead
Beam-beam &, 0.031 0.092 ~ 0.12/0.13 0.003
~ || Beam-beam ¢, 0.030 0.092 ~ 0.13/0.09 0.09
- || Luminosity / IP 28 17 2.1 80 103




4 Parameter comparison

Rings FCC-ee Z | FCC-ee tt LEI;{E/KI]{?)ER i%ﬁr;{ggg
Beam energy 46 175 3.5 /8 47 GeV
Circumference 100 km
Current / beam 1.45 0.0066 ~ 1.6/1.3 3.6 /2.6 A
Bunches / beam 16700 98 ~ 1500 2500
Particles / bunch 1.8 1.4 ~0.67/0.54 | 0.90 /065 | 10!
|| Hor. emittance 29 2 18 / 24 3275 nim
|| Ver. emittance 60 2 ~ 150 10 / 15 pm
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S B 500 1000 ~ 1200 32 F mm
e 1 1 ~ 6 0.27 /0.3 mm
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Parameter comparison

Rings FCC-ee Z | FCC-ee tt LEIIELE/KI]IBER ilg)}?;(gg}]?{)
Beam energy 46 175 3.5 /8 47 GeV
Circumference 100 km
Current / beam 1.45 0.0066 ~ 1.6/1.3 3.6 /2.6 A
Bunches / beam 16700 98 ~ 1500 2500
Particles / bunch 1.8 1.4 ~0.67/0.54 | 0.90 /065 | 10!
Hor. emittance 29 2 18 / 24 3275 nim
|| Ver. emittance 60 2 ~ 150 10 / 15 pm
e /e, 0.2 0.1 ~ 0.8/0.6 0.27 Yo
on 500 1000 ~ 1200 32125 mm
B; 1 1 ~ 6 0.27 /0.3 mm
|| bunch length o, 2.0 1.0 5/ 0 0/ 9o mim
|| Momentum spread w/BS 6 19 9/ 7 7/6 e
Half crossing angle ? ? 11 41.5 mead
Beam-beam &, 0.031 0.092 ~ 0.12/0.13 0.003
|| Beam-beam ¢, 0.030 0.092 ~ 0.13/0.09 0.09
|| Luminosity / IP 28 T 91 30 T

Parameters of FCC-ee, such as 3* seems easier than SuperKEKB, but...




#Saling of final quads
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(pole tip field)
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BERED=ramily IEE S
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BERED=ramily IEE S
- Such a local CCS wiggles the orbrt around the [P -
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Sextupole magnet on tilting table installed in the beam line.

Details of the tilting table
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Super

KEKB Reduction of dynamic aperture
due to beam-beam

w/o beam-beam with beam-beam
Touschek Lifetime: 595.8 see O (1;;;;;‘FW‘”!°59;;F;;\).. .
D L D | | \ | /l/ |
LER Tk JLER :
& 4
} .
< ® h
. ‘;0“‘ . :’. A )
| L o=~ a e -
-~
* " J 1 . . |
- =20 -10 0
Ae/o,
Ap/p = +£1.4% Transverse aperture reduces signiﬁcantly.
Touschek Lifetime: 653.7 sec Touschek Lifetime: 604.7 sec
30"I""]""I""I'"'l""]""l". so:rvlrvvv‘lvvvvIlvvvlvvvvlvvrvlvvvvlvr
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Y. Ohnishi, A. Morita, H. Sugimoto, H. Koiso 55



@i“épfé Tracking simulation: beam-beam effect

—

Initial orbit 1s 15 sigmas 1n the horizontal direction and 0
for the vertical direction

e e A B blue: no beam-beam
TR P AR T R Y red: with beam-beam
Bt e, > o a0 A s e 3L et
/é\ i R .
E et e .. .4 Horizontal betatron oscillation is stable
L & ® . . s’ - s -
X[ VIR PR for both cases.
< '5'.— . e “ o * oo’ o]
Y . R T
- TN L RS )
-‘Or . | | | R
0 50 100 150 200
#turn
1:— I ! l The vertical oscillation exists for the case w/o beam-beam,
[ since there is a X-Y coupling.
o
E : 3 - | ¢ o - . [ [} [ ] [ ]
E b o et N Vertical betatron oscillation is unstable
RS R L ; when beam-beam effect is included.
< 05 - . e
i ]
[ 1 1 |
0 50 100 150 200

Y. Ohnishi 26



S.C. magnet system

QCS-L Cryostat QCS-R Cryostat

Helium Vesse

Helium Vessel Helium Vessel C4mpensation solendid|
QczLpP

Compensation solenoid
4 correctors ——————————

1,b1,a2,b4 i i
(a1,b1,a2,b4)  Compensation solenoi QCIRE

4 correctors b3 corrector
field {a1,b1,a2,a3

QCi1Lp
4 correctors

(a1,b1,a2: inner bol b1 coils

3,84,bs,b, )

QC2RE
4 correctors

QC2RP (a1,b1,a2,a3)

ol t~ a1,b1,a2,a3)
4 correctors 4 correctors bz corrector 291,42,
(a1,b1,a2,ba) (a1,b1,a2,bs)
Leak field
cancel coi ectors
(b3,ba,bs,b) ,b1,a2f inner bore

mdgnet perophery)
———

Helium Vessel

Target luminosity = 8 x103> cm2 51 S.C. quadrl,!pole: 8
Beam size at IP: e- =62 nm, e+=46nm 5.C. solenoid: 4
2014/2/11-2/14 FEC S.C. corrector: 43

KEKB: SuperKEKB:
Common fmal quads - Separate final quads
W1th medlum Crossmg angle | W1th large crossing angle

. 1 mrad x e di5mradx?




Super

[
Jo=<= - §,C. magnets in SuperKEKB IR
) = N P g e R qeoge
. S QC2LP i Qijlllﬂ h | =R = C}ClRE d — % ~
i = N AW SR -Af/(’ﬁ L eo= =
= = = e T L —
— = i e ————— ———
-—
~—— QCIRP = |

g

QC2RE

QC2RP
QC1RE
QC1RP
QC1LP
QC1LE
QC2LP
QC2LE

13.58 [32.41 T/m x 0.419m]
11.56 [26.28 x 0.410]
26.45 [70.89x0.373]
22.98 [68.89x0.334]
22.97 [68.94x0.334]
26.94 [72.21x0.373]
11.50 [28.05 x 0.410]
15.27 [28.44x0.537]

Iron Yoke
Permendur Yoke
Permendur Yoke

No Yoke

No Yoke
Permendur Yoke
Permendur Yoke

Iron Yoke

Integral field gradient, (T/m)=m Magnet type Z pos. from IP, mm 0, mrad AY, mm
-;3_; = Solenoid field, T

2925
1925
1410
935
-935
-1410
-1925
-2700

-0.7
-2.114 0 -1.0
0 -0.7 0
7.204 0 -1.0
-13.65 0 -1.5
0 +0.7 0
-3.725 0 -1.5
0 +0.7 0

N. Ohuchi




Super

<EKE SuperKEKB IR Overview

HER(e- beam) | ER(e+ beam)

<4

Design Constraint: |
1. Quadrupoles need to ed as/close to IP as'possible. -
 Quadrupoles need to. be locatéd in the two beam separation. o -
e For QC1P and QC1E, the separations are 65.65 mm and 98.16 mm? BN
2. Beam pipes are at room temperature. k

3. Solenoid magnetic fields are superimposed on QC1P and QC1E.




Super

Y i QC1P (No iron yoke)

QC1P magnet design (QC1RP, QC1LP)
* Design field gradient =76.37 T/m @ 1800 A
» Effective magnetic length =0.3336 m
 Magnet length =0.4093 m
R35.5 | R 30,405 « B,=4.56T (with solenoid field of B,=2.6 T, B,=1.1T)
N\ Coll outer radius Load line ratioat 4.7 K=72.3 %
Inductance = 0.88 mH
__R25 Coil design
wolinner radus 2 |ayer coils (3 coil blocks for each layer)
e Errorfieldin 2 D cross section @ R=10 mm
Vi T 50 collecior —  bg=0.10 units, b;o= —0.21 units, b;,= 0.02 units
R/ cols * Integral error field in 3D model

I
WA umu%%z ,.
Ril—

Sl

T —

Beam pipe
outer radius
R18

Helium vessel [
inner radius

—

R30.75 — b,=0.24 units, b;=0.54 units, bg=0.01 units, b,,=
Collar inner radius = = -’-'-'"// () [\W /
' S Yy, e e AN N —0.21 unit
7, 4" \\’; é/.\ X NS . unl S
S

Superconducting cable

e Cablesize:2.5 mm x 0.93 mm

QC1P magnet cross section - Keystone angle = 2.09 degree
Cryostat

e Cryostat inner bore radius R;,= 18 mm
e Beam pipe atR.T.: R,,=10.5 mm, R, =14.5 mm

30
2014/8/10-8/15 ASC 2014



Super

== QC1E (Permendur yoke)

—

QC1E magnet design (QC1RE, QC1LE)
Design field gradient = 91.57 T/m @ 2000 A

|
— T » Effective magnetic length =0.3731 m
RT0 ~ L e
Yoke cuterw L * Magnet length = 0.4554 m
\, ¢ e+ B,=3.50T
_ / R 38.425 _ _
Wedge N\ // Col outer rodies  Load line ratio at 4.7 K=73.4 %

k33 ¢ Inductance =2.19 mH
— <\,o|. mnca:"sd esign

« 2 layer coils (3 coil blocks for each layer)

T~

: I  Errorfield in 2 D cross section
= _ b,= —0.06 units, b,,= —0.34 units, b,=
/ < C colector  —0.01 units
0IS . .
"« Integral error field in 3D model
. | ; R 2] — b,=—0.02 units, b;= —0.04 units, bg=
‘ / eam pipe
Collor outer radius yd N outer radius 0.05 units, b10= —0.43 units
(Yoke inner radius) = .
o ncSuperconducting cable
Collar nner radus ] U el < Cable size : 2.5 mm x 0.93 mm
' inner rodus e Keystone angle = 1.59 degree
Cryostat
QC].E magnet cross section e Cryostat inner bore radius R;, = 25 mm

« BeampipeatR.T.:R,,=17mm,R_ ;=21 mm

31
2014/8/10-8/15 ASC 2014



Super

KeKB

) —

3D magnet design of QC1P/1E

QC1P/1E coil end design

384

2 318.8 7Y

The coil ends were designed to be as short as
possible.

In order to exclude the skew components in the

lead end, the quadrant coils have mirror
symmetry to the neighbor coils.

2U14/8/1U-8/ 15

ASL 2014

b , units

=3 02

110"
8000

units

‘™ C
- 2000¢

15 —
10

e

10 f

ST R |3, R— 0 01 02 03

b , units

8000 QC1P 4 \

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

6000 |
4000 |

03 02 01 0 01 02 o3

Lead J \ Nnn-lpad:
end / \ end 1

C1P /”‘\ b4 ——b10

v/

o1 0 o1 02 03
Z-position alogn the magnet axis, m

QCIE /""""""""""\| Non-lead:
- / \end ;

-~ Lead J \

- end

——b4 ——b10
v ——b6

e

Z-positidn alogn the magnet axis, m



Super

. <=== Cross section of four quadrupoles

O _

QC1P

R 14.
Beam pipe
ouler radius

Beam pjpe

nner raadus QCZP

WA
. iy -.I‘. IS
A

Beam pipe

[\
Collar outer radius .
outer raadius

R 13 (Yoke inner radius)

Hellum vessel

nner radius Collar outer radius

(Yoke Inner radius)

[
Beam pipe
R 4 outer radius

Collar outer radius
(Yoke inner radus)

Beam pipe
outer radius

L/ [/ ¢,

Helium vessel Beam ppe Collar “inner radius
nner radlus inner radius 5 Beam pipe
o ‘ Beam pipe Helium vessel inner radus
Col inner radius nner radius inner radius
Heltm vessel * The final focusing quadrupole magnets have four different designs
nner raclus of the cross sections. -
— QC1P has the smallest inner radius of 25 mm.
— QC2E has the largest inner radius of 59.3 mm. N. Ohuchi
2014/2/11-2/14 FFC

33



@ ceeE SC leak field cancel coils

* The leak field cancel coils are now designed and constructed by BNL under the US-
Japan research collaboration program.

* The field model is constructed with the collaboration between BNL and KEK.

71.2294 cm

o—— T T T ey 1 U (Distance from |P)

T

Cancel Sextupole

Cancel coil designed by B. Parker [BNL]
Sextupole cancel coil : 2 layer serpentine coils

N. Ohuchi

2014/2/11-2/14 FFC 34



Super

<<= Production of quadrupole

7~ ) _)

Collared QC1LP magnet

Collared QC1LP magnet
after the 1% collaring

QC1LP field quality after collaring

mm

n=1 -0.1 -0.4
2 0.0 10000
3 -0.5 54
4 -0.0 -1.9
5 0.8 -3.6
6 -0.4 -0.3
7 0.8 0.8
8 -0.4 0.7
9 -0.2 -0.4
................. 10 0.4 -0.1
» o ]
e " Coils for QC1RP magnets N. Ohuchi

FFC 35



= Magnet design: Permendur yoke

* The final focus system is designed to be operated under the Belle Il solenoid field at 1.5 T.
* This field is cancelled with the accelerator compensation solenoids along the beam line. This
cancellation is not perfect.

Field profile in the iron components (3D ANSYS)
Optimized condition (magnetic field in the iron: -0.5 T<B<0.5T)

JEEECUNEODEEEROCERNN

(en T D N

HHH'—BH’_}- . . . . . . . .

WO QO -JO N s WD -

= DD QO s OO0

s WO -

At the good cancelling condition, the insides of iron components have magnetic field at 0.5T .
36
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Super

KEKS Magnet design: Permendur yoke

Leak field in the e+ beam line in case of Iron and Permendur Yokes
With O. T field in the Yoke

{(ANEh

BHEUM

0 Gauss 10 Gauss auss 5 Gauss
Leak field at e+ center = 3 Gauss Leak field at e+ center <1 Gauss

With 1 ield in te Yoke

lllllll

0 Gauss 100 Gauss 0 Gauss 5 Gauss .
2014/8/10-8/15 Leak field at the e+ center = 30 Gauss 014 Leak field at e+ center = 1.5 Gauss



@ <<= Construction of QC1P and QC1E

* Coil Winding and Curmg Process

During winging coil, the cable tension was controlled:
e Initial tension at 120N and
e Reducing the tension of 10 N every two turns

Four coils for QC1E Normal shape

Mirror symmetry shape
\| After winging the coils, the coils were cured to the design

' shape with the forming blocks at temperature of 130

degree C and pressure of 20 MPa. 38
ASC 2014
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@ <<= Coil shapes of QC1P and QC1E

d_)

Length: distance between the end spacers
Thickness: two layer coil (15t layer and 29 layer)
STD: standard deviation of four coils

Coil shape QC1LP QC1RP QC1LE QC1RE

Length, mm (Average, STD) 384.00, 0.044 383.98, 0.006 429.98, 0.041 429.92, 0.010
(Design) (384.0) (384.0) (430.0) (430.0)

Thickness, mm (Average, STD) 5.418, 0.006 5.423, 0.002 5.425, 0.003 5.418, 0.002
(Design) (5.425) (5.425) (5.425) (5.425)

39
2014/8/10-8/15 ASC 2014



@ <<= Construction of QC1P and QC1E

d_)

Collaring and Yoking

Collaring press and the QC1LP magnet

QC1LE yoked magnet

2014/8/10-8/15



Vertical

bend Skew Quad

Bends for IR L. :
Beam pipes in containers

Pictures of magnets : H. linuma. 4l



HIP = Hot Isostatic Only taper parts are exposed
" e T Pressing to direct synchrotron
o Brazing o radiation.
a-Ta EBW I l j‘— a-Ta EBW
\ o Arleln h
. Taper: to reduce the number of
- h=0 =0 photons entering into the central
L7 _',:7 Li" i L4 F H4 H5 H6 paI't
| | o :
<1 = Ridges: to keep the direction of
L B —— — scattered photons away from Be
154
Electroi B; Taper/Ridge = ‘ Taper/Ridae 1 PoOSItrOf
TG S
H1 H2 H3 § L3 L2 L1
. Backward Forward o Negligible trap
~10 um ~10 um ~10 um of HOM at the
Au or C ted Au plate A ~u plate Centl'al pal’t
warte ed Pa N e 1LC <
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[P chamber (Ta part manufacturing)

Metal Technology Co., Ltd 43
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TILL LI,

Wi

cDec

Endecap
PID

i W/r% VXD i1s connected to
/ =1 QCSR at first

1035
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T. Kohriki

Installation Scenario - Baseline

Qcs
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> YAV2/ AP e Pﬁw % i .

8
8
Endec
I’IDap
TN
ARRR RN
\\\\z \
A

Qcs

PID

Endcap

IR-meeting20110203 T.Kohriki

44



TIZT —

VXD i1s connected to W T omT

- Baselin

Qcs

Y ceereom——

1
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AIM (Alternative Installation Method)

Essential
mechanism:
RVC
(Remote
Vacuum
Connection)

VXD slide

A =N

S on a tray.
._ N "‘

Press a vacuum flange with a hydraulic force and
lock the flange with a screw nut with gear.

, V? - %
Mock-up test at MPI RVC test at DESY
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# Injection parameters for top-up

Rings

TLEP 7Z

TLEP t

KEKB
LER / HER

SuperKEKB
LER / HER

Beam energy
Current / beam

Stored Charge / beam

Lifetime

Injection rate / beam

46
1.45
484

~ 400

20

175
0.0066
2.2
~ 30
1.2

35 /8
~1.6/1.3
16 / 13
~ 100
5700

4/7
3.6 / 2.6
36 / 26
~ 3.3/6.7
180 / 65

nC/s

Linac charge / beam
Linac rep./beam =
Synchrotron inj. duty / beam

~ 4
30
17

~ 2
30
< 2

72
<5

3 /4
<29

nC/pulse
Hz

o

TLEP Z may require an injector comparable to SuperKEKB.

The synchrotron dedicates 17% per beam for its injection from the linac in the case of

TLEP Z.

The intensity imbalance between bunches in the collider rings should be estimated.

Accelerator ring




Top-up at KEKB (2004-)
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a day before top-up a day after top-up

e Top-up improved the integrated luminosity from 640 pb/day to 920
pb/day in 2004 (eventually reached 1480 pb/day in 2009).

e Machine becomes more stable and less aborts, as the stored beam
current is nearly constant.

e Thus the luminosity tuning became easier.



Injector Upgrade for SuperKEKB

©

SuperKEKB injector Linac TN 50 Hz (e+ or e-)
high current 7 1.1 GeV pulse-by-pulse
< gun |
[ ] E—J low emittance

}f Damping Ring mode switching
f PF
RF gun

[ circ. 136 m
i/ 2.5 GeV e- PF-AR
0.1nC x 1

3.5GeV ALER 6.5 GeV e-
gOEC x22.(prm-1. e-) S-band _
nC x 2 (inj. e-) e Je 4.0 GeV e+ 4nC x 2
e+ target & C-band
L-band+LAS modules HER 7.0GeVe- T
capture section 5nC x 2

Linac Upgrade Status towards SuperKEKB K.F, KEK, Jul.2014. 48



Super
N KEKB —

©O—
Injector Upgrade for SuperKEKB

+ Lower-emittance Injection Beam
“+To meet nano-beam scheme in the ring
“Positron with a damping ring, Electron with a photo-cathode RF gun
“Emittance preservation by alignment and beam instrumentation

SuperKEKB injector Linac high current TN 50 Hz (e+ or e-)

gun / ‘; 1.1 GeV pulse-by-pulse
4[-----]—@ / ; Damping Ring mode switching
low emittance i circ. 136 m PF
RF gun 'J' : g ? %ev1e- PF-AR
Bunch nC X

3.5 GeV 'T ‘Energy -spread ALER 6.5 GeV e-
10nC x 2 (prim. e-) EX J Compressuon System
5nC x 2 (inj. e-) S-band %

4.0 GeVet+4nCx 2

e+ target & C-band
L-band+LAS modules HER 7.0 GeV e-

capture section 5nC x 2

Linac Upgrade Status towards SuperKEKB K.F, KEK, Jul.2014. 48
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©O—
Injector Upgrade for SuperKEKB

+ Lower-emittance Injection Beam
“+To meet nano-beam scheme in the ring
“Positron with a damping ring, Electron with a photo-cathode RF gun
“Emittance preservation by alignment and beam instrumentation

+ Higher Injection Beam Current
“+To meet larger stored beam current and shorter beam lifetime in the ring
“+4~8-times larger bunch current for electron and positron
“*Reconstruction of positron capture section and electron gun

SuperKEKB injector Linac high current TN 5o||-|z I(oe+ orI e-)
gun 7 Y 6.1 GeV Ri pu Ze- y-.i)uhs.;e
4[-llllllllll-l—ﬂ] L f Damping Ring mode switching
low emittance j’f SRR } circ. 136 m PF
RF gun 1% ‘Z/ 2.5 GeV e- PF-AR
U S 0.1nC x 1
3.5 GeV o ~ IiEnergy-spread ALER 6.5 GeV e-
10nC x 2 (prim. e-) S-band EX J Compression System
5nC x 2 (inj. e-) B N 4.0 GeV e+ 4nC x 2

RF gun

(222222220 )@@ 1 P rmmm— et-e
HER 7.0635“\

e+ target & C-band
L-band+LAS modules
capture section 5nC x 2

Linac Upgrade Status towards SuperKEKB K.F, KEK, Jul.2014. 48
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Injector Upgrade for SuperKEKB

+ Lower-emittance Injection Beam
“+To meet nano-beam scheme in the ring
“Positron with a damping ring, Electron with a photo-cathode RF gun
“Emittance preservation by alignment and beam instrumentation

+ Higher Injection Beam Current
“+To meet larger stored beam current and shorter beam lifetime in the ring
“+4~8-times larger bunch current for electron and positron
“*Reconstruction of positron capture section and electron gun

+ Quasi-simultaneous injections into 4 storage rings (PPM)
% SuperKEKB e /e* rings, and light sources of PF and PF-AR
“Improvements to beam instrumentation, low-level RF, controls, timing, etc

SuperKEKB injector Linac high current TN 5o||-|z l(oe+ orI e-)
gun / y 6.1 GeV Ri pu Ze- y-.;t)uhs.;e
4[-llllllllll-l—ﬂ] L f Damping Ring mode switching
low emittance j? SRR } circ. 136 m PF
RF gun 1% {?/ 2.5 GeV e- PF-AR
N St 0.1nC x 1
3.5 GeV 2 ~ FiEnergy-spread ALER 6.5 GeV e-
10nC x 2.(prim. e-) S-band & y Jsgompressuon System
SnCx 2 (inj. e-) ' “nfe=® L RF gun 4.0 GeVe+4nCx 2
BB B N bl el bl Q‘S:
D bandsl As Chand. HER 7.0Geve- %,
capture section 5nC x 2

Linac Upgrade Status towards SuperKEKB K.F, KEK, Jul.2014. 48



(Q)Photo cathode RF- gunDeveIo

Yb Ftber Oscillator

Yb-doped fiber

40 um Photonic crystal fibe

Q—E—(p 1035nm

Yb Fiber Main-Amplifier Yb Fiber Pre-Amplifier A2

10 pm PM Yb-doped fibe

F;:D—z— Synchronization
Grating pair system

» Single-mode fibler 2856 MHz trigger
From Accelerator

Isolator

Stretcher

Qﬂ? | Qﬂ? 1740 gooves/mm
S S W2 Transmission grating
W2 M4 ” <
1N
Ut 11— Pulse
g = Picker
Yb fiber and Yb:YAG think disk laser D
L
Regenerative Amplifier 0 X

Yb:YAG

- \ﬂ[}

Pockels

Ce!

Multi-pass Amplifier

BBO 517nm
1A\

4 D
%\90
Yb:YAG

BBO 258nm
| AN

J
Frequency doubling

-

> RF GUN

ltFSCe photo cathode

omen

+5.6nC/ bunch ws conflrmed
¢ Next step: 560-Hz beam generation &

Radiation control

Super
KEKB ==

west for BSM

Linac Upgrade Status towards SuperKEKB

K.F, KEK, Jul.2014.
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primary e- () [

ccel.
structure
| = .- )
.5n(. injection e-

Flux ¥ ¥
pulsed ST e Concentratpr S

» Flux 4
% Concentra

beam_

hole

Positron capturing with flux concentrator (FC)

and large aperture s-band structure (LAS)
Deceleration field to reduce satellite bunches
Pinhole beside target for electron beam
Protection system with beam spoilers

Linac Upgrade Status towards SuperKEKB K.F, KEK, Jul.2014. 4



©
¢ Beam test started with t{?fe‘"s"’:.;;“ ﬁqu o
low magnetic field,
low primary beam current &g SEG
inJune 2014

File conf BPM Waveform Viewer v0.8

¢ Positrons were s v e e
confirmed o | v s
after orbit
and angle
adjustment

Signal from positron
with opposite polarity

1 ! I T I . |
200 400 600 800

Linac Upgrade Status towards SuperKEKB K.F, KEK, Jul.2014. 51



Positron generatlon test

ncentrator an d

¢ Generated positron ~0.1nC was
transferred to the entrance of
dampmg ring

field, 4-nC positron will be
generated

¢ Target shield

(File BPM  Update - R o zmmsrsow:w:oé%é.:t
(4ocm x Gm |Ong) -W 400 m 2014106730 13:17:06
. . o ] B iti >3 , .
will be finalized EBEesamEmese e e
- . "] Horizontal ' A N :
¢ Alignment willbe

- g oo . . -~ A 4 .‘. Aoy N
m p rOVQd T e e Y e i, &7/ R V1 Y, B
+J Vertical ' ~0.1 nC

3mm -2 0.1mm

02 | SP28a
DX(1s t)[ 1.995 mm
Q1 fedgee . 9 A L ox(z nd):| 0211 o
— -
& 0s v St "O.oooo. * 4t L, e . R e ) \ o Dv(‘ t)l i
o 05~ . : 005 < DY(2nd):| 1.925 mm
| Beam charge Primary Electron | Positron N
' “U0 0 00 © "U I'D o ‘v ' ::u !;' T u“v'!) l'v '1) |1’ ‘ﬂ I'v I‘U I‘U I‘U |: \ I—ta- mﬁ 'Z 'BSAFI?I:'W I}:"v I‘U
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Summary

Circular ete- colliders have been the most experienced
& successful scheme worldwide, in the past 50 years.

The next gen. machine must be the largest and brightest.

Challenges exist both in beam dynamics (optics, dynamic
aperture, lifetime, etc.) and hardware (rf, beam pipe,
collimation, injector synchrotron, etc.).

Despite some nonscientific obstacles, the construction of
SuperKEKB has reached the final stage. I he first beam
will come in 201 5.




