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Parameter comparison

Rings TLEP Z | TLEP tt LEIéE/K}];’ER igir;{ggg

Beam energy 46 175 3:n /8 4 /7 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 / 0.65 | 10!
Hor. emittance 29 2 18 / 24 e nm
Ver. emittance 60 2 ~ 150 10 / 15 pm
Ey/Ea 0.2 0.1 ~ 0.8/0.6 0.27 %
B 500 1000 ~ 1200 32 / 25 mm
e 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 S 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 1.8 il 80 1034

TLEP: FCC-ACC-SPC-0004




S.C. magnet system
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Target luminosity = 8 x103> cm? s'! 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 final quads

Separate final quads
with medium crossing angle

with large crossing angle
11 mrad x 2 41.5 mrad x 2
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Super

. <=== Cross section of four quadrupoles
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— QC2E has the largest inner radius of 59.3 mm. N. Ohuchi
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@ CERE 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

*J (Distance from IP)

Cancel Sextupole

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

N. Ohuchi

2014/2/11-2/14 FFC 6



@ <= Production of quadrupole

®) JR—

Collared QC1LP magnet

Collared QC1LP magnet
after the 15t collaring

QCI1LP field quality after collaring

n=1 -0.1 -0.4
2 0.0 10000
3 -0.5 5.4
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
_________ —— R — & 10 0.4 0.1
g T a8
" Coils for QC1RP magnets N. Ohuchi
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# Scaling of final quads (cont’d)

Rings SuperKEKB LER | TLEP Z | TLEP tt
Beam energy 4 46 175 GeV
Bp 13.3 153 584 Tm
By 0.7 = 25
L, ctBp [2J,., Cf E_le 1.56 =
coBo = co=Lg/L 0.35 0.35 0.7
2 32 500 1000 mm
L i s 0.27 1 1 min
L>70<1+\/1+4L§y QLyfx 3.7 = (m
S 2J, 10 0.87 023 | nm
e Lo 0.935 2.65 358 | m
y L 0.935 2.74 3.84 m
Lo 0.33 0.96 2.69 m
b 10 7.4 7.4 mim

Jx,y assumes similar injected beams.

Similar level of ditficulty!

If TLEP uses a chromaticity correction similar to SuperKEKB,
the resulting momentum acceptance will be similar, about +1.4%.
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The design of CCS must be matured before the tunnel.



Super

KEKB Reduction of dynamic aperture
due to beam-beam

w/o beam-beam with beam-beam
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@i“épfé Tracking simulation: beam-beam effect

c—

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

0 e A B blue: no beam-beam
T P A S R A red: with beam-beam
- CAUVE SRPF . DAL L WAL
/é\ i R s
E et e .. .4 Horizontal betatron oscillation is stable
L & ® . . 4 - s -
X[ VIR P for both cases.
< '5'.— T e “ o * oo’ o]
Y . R "
- N A N 4 et ew )
-‘Or . | | | R
0 50 100 150 200
#turn
1:— I ! l The vertical oscillation exists for the case w/o beam-beam,
[ since there 1s a X-Y coupling.
— os:—
E : . - | ¢ o - . [ ] [} [ ] [ ]
I e o e e o Vertical betatron oscillation is unstable
= P o L ; when beam-beam effect is included.
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# Injection parameters for top-up

Rings TLEP Z | TLEP t LEIé]E/KI?ER i‘ﬁp}?}(ﬁ}é}?

Beam energy 46 175 3.5/ 8 A GeV
Current / beam 1.45 0.0066 ~1.6/1.3 3.6 /2.6 A
Stored Charge / beam 484 252 16 / 13 36 / 26 pC
Lifetime ~ 400 ~ 30 ~ 100 ~ 3.3/6.7 min
Injection rate / beam 20 1.2 202222 180 / 65 nC/s
Linac charge / beam ~ 4 ~ 2 a2 8 /4 nC/pulse
Linac rep./beam 30 30 <5 <25 Hz
Synchrotron inj. duty / beam 17 < 2 — — V4

i

@

W

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

FEEPA

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

Accelerator ring

Collider 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.



SuperKEKB Injector

Upgrade Items for Injector
* New low emittance photo-cathode rf gun

* New positron source (Flux concentrator)
* Damping ring for positron
* Low emittance preservation

M. Satoh

100 m

Damping ring
Sector B Sector A RF gun for o+
(1.1 GeV)

e- 1.5 GeV
@J-ARC

Sector C Sector 1 Sector 2 Sector 3  Sector 4 Sector 5
Flux Concentrator

arge Aperture S-ban

S00 m




< SuperKEKB Injector
e- Linac Beam Parameters ..,
SuperKEKB KEKB
Energy (GeV) 7.0 8.0
HER stored current (A) 2.6 1.1
HER beam lifetime (min.) 6 200
Maximum beam repetition (Hz) 50 50
Max. # of bunch in an rf pulse 2 2
Emittance (mm-mrad) 50/20 (Hor./Ver.) 100
Charge (nC) 5 1
Energy spread (%) 0.08 0.05
Bunch length 6z (mm) 1.3 1.3
Damping ring - -
Simultaneous top-up injection | 4 rings (SuperKEKB 3 rings (KEKB e-/e+, PF)
e-/e+, PF, PF-AR)




< SuperKEKB Injector
e+ Linac Beam Parameters
SuperKEKB KEKB
Energy (GeV) 4 3.5
LER stored current (A) 3.6 1.6
LER beam lifetime (min.) 6 133
Maximum beam repetition (Hz) 50 50
Max. # of bunch in an rf pulse 2 2
Emittance (mm-mrad) 100/20 (Hor./Ver.) 2100
Charge (nC) 4 1
Energy spread (%) 0.07 0.125
Bunch length 0z (mm) 0.7 2.6
Damping ring O -
Simultaneous top-up injection | 4 rings (SuperKEKB 3 rings (KEKB e-/e+, PF)
e-/e+, PF, PF-AR)




SuperKEKB Injector

Structure of the quasi traveling wave cavity

Normal side coupled cavities
Quasi traveling wave side coupled cavities

The close nose makes focus field. Our DAW RF gun is using this focus field. Side
coupled cavity also can be made the close nose. But, long drift space is problem.
One solution is to use tow standing wave cavity.

T. Natsui, ICFA Mini- Workshop on
Commissioning of SuperKEKB and e+e—
Colliders.



@ SuperKEKB Injector ng

Mechanical design and manufacturing

T. Natsui, I[CFA Mini- Workshop on
Commissioning of SuperKEKB and e+e—
Colliders.




@ SuperKEKB Injector fg

Photo-cathode material

Y B : -
] ¢ Lt
R LA el
o b & - e
3

High charge ” Long term
5nC operation

* Metal composite cathode

* Solid (not thin film)

* High quantum efficiency
10 at room temperature

* Low work function
e Robust in bad vacuum

condition

T. Natsui, I[CFA Mini- Workshop on
Commissioning of SuperKEKB and e+e—
Colliders.




@ SuperKEKB Injector ng

i i bridge coils | o .
side view J solenoid ! rear view
: : : ” ]
. target
i . - diameter
- 4.0mm
10 nC DC QM o cce
primary e- 1 structure | target
e | offset
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bl |
nC injection e- 2.0 mm
4 ._ L diaméter
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Two possible schemes of beam switching by orbit bump
1) e+ on-axis, e- offset

-> e- emittance growth by solenoid kick induced orbit excursion
2) e-on-axis, e+ offset 42

-> e+ yield degradation (50% -> 10%)

ICFA Mini-Workshop on Commissioning of SuperKEKB & e+/e- colliders (2013.11.11) Positron Source (Takuya Kamitani)



heat distribution in térget

SuperKEKB Injector

724

m target material:
tungsten 14 mm thick (= 4.0 X,)

m tungsten + copper body bonded
by hot isostatic pressing (HIP)

i\i"\"\i\\ '

flux
coneentrator

LINNNNNNN
L INNNNNN

tungsten (¢ 4)

beam hole (¢ ?)

Super
KeKB

ICFA Mini-Workshop on Commissioning of Supe

Positron Source (Takuya Kamitani



@ SuperKEKB Injector S
N g -
Layout of the System
* Positron target at sector|-4
* Extract from Linac at |.1GeV
* Store 2 Linac pulse each having 2 bunches (96 ns apart)
* Circumference to accommodate 2 linac pulse + kicker rise/fall time (100 ns)
* After 2 linac-pulse, re-inject to the Linac
. IR'_Il'_T :ine witE E%g  Requirement from Radiation safety
. ine wit . : )
* Note the DR is near to the campus boundary Maximum particle loss rate:
| % in injection straight
0.2% in arc (point loss)
for 8 nC/pulse at 25 Hz
- \\_ —_—T """" - Ca;-l;&fl':;gaﬁdary : —??—i::::'TZZ—“::::_,
,.[
/ |.I GeV Damping Ring
F — C=135m | |
')’ w};l\ |
\ ’1 | == /o
g i A
[ RL_ N — U - e
E‘ID / IT [ Séecktor2 | [ ,. TA T L [
r L " __Positron ) = VT
Target — L] L] ! , M. Kikuchi, ICFA Mini- Workshop on
| s o " '/ Commissioning of SuperKEKB and e+e—
Colliders.



@ SuperKEKB Injector Super

DR: Ring Parameters
Parameters of the Damping Ring
Energy | GeV 0.8 nC,f'bL.mch (_‘I 6 nC/pulse)
No. of bunch trains/ bunches per train 2/2 is an ‘ultimate goal
, ® The hardware design is
Circumference 135.5 m :
based on this value.
Maximum stored current® 70.8 mA
Energy loss per turn 0.021 MV
Horizontal damping time 10.9 ms 01 = 0277 6o = —0.097
Injected-beam emittance 1400 nm
Equilibrium emittance(h/v) 41.4/207 nm (B1 = 1.367 T BQ = —1.24 T)
Coupling 5 %
Emittance at extraction(h/v) 42,5/ 3.15 nm
Energy acceptance + 1.5 %
Energy spread 0.055 %
Bunch length 6.5 mm
Momentum compaction factor 0.0141
(Vx, Vy Vz) (8.24,7.265, -0.025)
Number of normal cells 32
Cavity voltage for |.5 % bucket-height |.4 MV
RF frequency 509 MHz
Chamber inner width / height 44 / 24 with antechamber mm
Bore diameter of magnets 44 mm
- M. Kikuchi, ICFA Mini-Workshop on
* 8 nC/bunch Commissioning of SuperKEKB and e+e—
Colliders.
6




% Summary (final focus)
- # The final focus system for TLEP will have the same level of the

chromaticity (=measure of difficulty) as SuperKEKB.

- % If we apply the SuperKEKB’s design concept to TLEP, the resulting

= momentum acceptance, may become the same level, ie., +1.4%,

g which is not sufficient for TLEP tt.

# Thus we need some breakthroughs on top of SuperKEKB’s optics %
design for TLEP tt. '

# Summary (injector)

~  # The performance of SuperKEKB injector (e- guns, e+ source, =3
* damping ring) basically matches to the requirements of TLEP,

except for polarization.

# More study is necessary for the synchrotron.




