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Introduction

WEASERTIL, /Kﬁﬂnf SuperKEKB(Super B-
factory)IC@](F 7= A Bi 25 im?ﬁ&%@m1x1tﬁ‘1"£1753.

FAZTBEV AT AIIAS S E/LICHIFEE
IEBD1D.

Event-based¥ A JBE AT LAZIREEEA.

FAZVUBE AT AIZKLUTDC-based EzfR AT A
HigEP.

VME/FPGA-based TDC (dynamic range > 20ms, time
resolution ~ 1ns)DEEZEFR T L. vy
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Super KEKB Accelerator Complex

Upgraded components for SuperKEKB

Upgrade of SuperBelle
SuperBelle

New IR

Crab cavities

I, =3.6Apositron beam ﬁ
o 4 pre—

New beam pipe Ante-chambers,
& bellows comb-type bellows, HOM absorbers

et E=4GeV

b=2 .

New QCS

(Final focus system)
Crossing angle

22 mrad (KEKB)

— 30 mrad (SuperKEKB)

e E=7GeV

6 A electron beam

Target Luminosity @ SuperKE

et E=1.1GeV@ LTR at SY2

L =80 x 10** cm2s’! _
40 times higher than the previous KEKB¢
L =2x10%* cm2s! 4

&-\ _Damping ring for e+ #2

New RF Gun

+ Cathode materials: CsTe, Lab6, Cu

f New e+ source )#3

Flux concentrator (Superconducting coil)
+ L-band capture section

™S 600-melong inject6 linhe
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SuperKEKB Injector Linac

beam energy

stored current

beam lifetime

bunch charge

# of bunches

beam emittance (ye)(10]
energy spread o/E

bunch length o,

SuperKEKB (e+/e-)
required

3.5 GeV /8.0 GeV 4.0 GeV /7.0 GeV

1600 mA / 1200 mA 3600 mA /2620 mA

150 min / 200 min 10 min/ 10 min
primary €~ et e- primary €~ e* e-
10->1.0nC /1.0 nC 10->4.0nC/5.0nC
2/2 2/2
2100 mm / 300 mm 10 mm /20 mm
0.125%/0.05 % 0.07 %/ 0.08 %
2.6 mm/1.3 mm 0.5 mm /1.3 mm

*(assuming bunch compression after DR)



ICFA Mini-Workshop on Commissioning of
SuperKEKB and e+e— Colliders

Essential Timing Issues for
Simultaneous Injection
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Simultaneous top-up injection

Linac provides quite different types of beams for each ring.
= More than 150 of Linac parameters are different.

. . - Directi Particle E Ch
Four rings are operated with top-up filling mode, o e ey e
“simultaneously”. gg E}?}l{{ “ 471‘8 gez i'gng
q 9 q q (& . € un
- The beam direction is changed in 50.Hz. . PF o 25GeV  0.2nC
- The above parameters are changed in each time. PF-AR e 65GeV  5.0nC

Fast control system is needed.

(The “star-topology” optical network is used also for this.)

Note, # of top-up rings:
KL_B5/B6 SB_B' SB_A' 3(KEKB) —1

e” Gun

4(SuperKEKB)

e” BT (PF: 2.5GeV, 0.

ARC
SB_C' SB_1

e~ BT (PF-AR: 6.5GeV, 5nC)

BT (SuperKEKB; GeV\4nC)

e* Target
| Cont-1 | Cont-2 Cont-3} [Cont-4} |Cont-5 e~ BT (SuperKEKB:

eV, 5nC)




Trigger timing distribution system (I)

. AEBHEORGAIRIINF—EHDEFHEEFE TR IANAS
« SKEKB(SIXRIVF—RER): Ee-=7 GeV, Ee+/Ee-=4/3.5 GeV,
* PF, PF-AR( &I JERER): Ee-=2.5 GeV, Ee-=3 GeV

. CNFEERT BIEOICe-le+E—ALE/INIV AT E(S0HZE)IC Y]V
ZTFHRDU T ~NEEE (Top-up injection, STEBRERIFLLEN
LikE BUABTAA R, IRETITER)

. ABESTIIERLIE/NSIWATNARICELGED YA T Z/INIVARD
EICHNZ2 THEUS (150/85A—4 L1 L)

. KEKB#& ¥ MWHCAMAC-based system/P5HVME-based Event
Generator/Receiver (EVG/EVR) system\§&{T

. KEKBTI(3, KEKB/PFiljZ& N\ DTop-up injection|Zp TN (HFR¥))!
. AV BEDDT DERBELEKETI UV IEEALRE
. (B TEAIAMZVIEE AT LDER AT ADFE
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Large area synchronization

The functions of all Linac devices belonging to beamline must be
synchronized, otherwise a beam cannot be transferred.

Main Trigger Station (or Main Timing Station) controls the operation.
- Timing synchronization of all devices.
- Delivering trigger via the “star-topology” optical network.

- . . EVent Generator
Main Trigger Station (EVG)

Timing delivery

EVent Receivers ] ]
via optical network

(EVRs)

Y/
SB_A

Injection .

SB_B'
Cont-ABC

KL_51/52

LoE.2 ¢\, e* BT (KEKB
e BT (F

/‘ e* Target /
e~ BT (KEKB)

| Cont-1 | Cont-2 Cont-3 Cont-4 Cont-5




Trigger timing distribution system (II)

« THERMDEVG-EVRY X T A(VME EVG230-EVR230R, Micro-
Research Finland/MRF, CPU MVME-5500)% B A

o BEMIEIMZIVIBIERFT—LEYINIIT7 CHIEITAERT]

o 2kB T—H/N\yIT7—EHLEk4ILIEIMDIEZ(SA]

o ESEEE 57.12MB/s, EVG-EVR 832 3GHzA &R~ 0O & TR BA
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Trigger timing distribution system (I1I)

o ABESICHITB/NIVAT/NAR
e WIWAEBWA. EF#H. E—AE=49—. 8EFI>1A O
« Fyh—/1TYIALEBRA.

Table 1: Timing specifications required for the new trigger timing distribution system

Parameter Value  Units
Trigger fiducial frequency 50 Hz
REF' clock frequency 114.24  MHz
Clock precision (rms) 4.4 ps
Coarse time step 8.75 ns
Fine time step 400 ps
Timing jitter (rms) 10 ps
Delay dynamic range > 1 S

7/ \
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VME/FPGA-based TDCD B

o HAZVIBES AT AIIHTBHESR
o« KIFAN—ITEKBIAZVIRUTM, L4250y 5 —%ER
o Bkt
« VME/FPGA-based> AT ATHE (VME64x)
. Aﬁa‘%ﬁwgztwﬁ—}%iﬁz;& 50 Hz (V> BB Bk EE RIE)DEZ R
o« USAAMOAV DB KIAZ T DERR. 20 £ ImsDIFEDPHE
> RIAFIVIOLDDERF (>20ms)
« E—LNIEEZI—ADNAH—FLZITDEFE> SBEDERE (~1 ns)

Table 2: Basic specifications designed for the VME /FPGA-based TDC

* Xilinx Spartan-6

Basic parameter Value Units (XC6 SLX7 5 ) FPG A
Number of common starts 1 . . .
[ J =
Number of stops 16 SITCP glga blt Ethernet
Number of multistops 4 embedded
Number of bits 32
Dynamic range (max.) 4.3 S
Resolution 1 ns
Clock frequency 250 MHz
Gigabit Ethernet available
/7 \
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VME/FPGA-based TDC DB H

0 LOOBOIEOD COBEBHO® 167
| 16 Stop Channels (NIM)
Common Start Channel (NIM)
v 4 \
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T'DC with multisampling technique

E T = NTclk + (ATl + AT¢1) — (ATQ -+ AT¢Q>,

Start pulse f

>

<

Stop pulse
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Circuit architecture of FPGA-based TDC

Start
Stops

Level Converter

LVTTL « NIM|

— RIJ45

PHY ~Connector|

Spartan-6 FPGA
PLL Primitive o |125 MHz
External CLK > =8
lF PED [ CP_}>[ LF |s[vcop-aty— L2 e
g L2350 MHz (CLK1) 9=0 1 [
50 MHz 50 MH -
z [+20 k — |250MHz (CLK2) ¢=n2 —| [ |
>+ 4
250 MHz (CLK3) ¢ = =t
N
[ 4 I I
250-MHz three-phase CLKs
250 MHz
16 channels 17 channels (1 Start + 16 Stops)
Start
4ns Coarse 3bit ——0“ D@ D@ D——o“'Dﬂ—o‘”D
counter \l/ nmon Input D aw ° e T T
Start time [ :
16 ‘tOpS o D@ " D40 " D@ " DI+ a@" D
16¢h3bit a0 Tlse THso T l5. 5. T
Decrementer <— Stop-Start <« Edge detect >
input/channel En e _ _ ) T
o Do " Do DI+ DF—— @ D
o - TR TG T
3 @ B G @
1ns Stop time — —
\l/ e D——a“"Dﬂ—a“Dﬂ—o‘"Dj—a"”D
‘ Stop register file il g G en G on Qa G
e 1-ns Interpolator I
250 MHz 2
1 TCP
‘ Clock Interface FIFO
Stop register file . . :
SiTCP Registers RBCP SITCP Core
VME Interface Control
‘ —125 MHz
200 MHz
VME Interface
. =LAl — 7o A
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Specification of an external clock with TCXO

TCXO, EPSON TG-5501CA

Table 3: Specifications of the external clock

Parameter Value Remarks
Clock frequency 50 MHz
Frequency stability <+1.0 x 107 T. = 25 & 2°C

Temperature characteristics < £0.28 x 107° °C~! 7. = 40 to 85°C

/7 \
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(a)

| [ns]

Set

I<T>-T

Delay time T, vs.<T>-T,,

with a test pulser, SRS Model DG645

KEKB Injector Linac
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Set
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800 ms

(b)
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Fitting line
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Delay Time T [ns]
Set
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Delay time T vs. I<T>-T
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Quantization error & Integral nonlinearity

measur(‘gments
(@ |
3 AT, .. =0.52ns, B ]
. 0s i AT in = 0.13 ns, E ﬂ l I |
ER R SRS IR NIRRT
| Ve b Tt
04 | | v 05 : ]
- 21/ _1:_ .
02 | — .. EIntegral nonliniarity = 0.39 ns;
— 15 | ]
LSBqg = 0.52 bits LSB, e = 0.39 bits J

10° 10" 10? 10° 10t 10°  10° 107 108

Delay Time T  [ns]
Set

¢ = Frc [TIT,), 01 = TyVc(1-c)

Tsuyoshi Suwada /
KEKB Injector Linac

10° 10! 102 100 10t 10° 10° 107 108

Delay Time T  [ns]
Set
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(a)

A<T >

KEKB Injector Linac

Temperature dependence and gradient
measurements

—®— Tset =8 Us
—©— Tset =80 us
—A — Tset =800 us
05 F|[--2--Tset=8ms .
- m— Tset=19.5 ms
0 L _
\ Sl
\ /
) B - 4
0.5 \ //
\
]
\ u 25 deg
_1 ....I....I....I....!....I....I....I....
0 5 10 15 20 25 30 35 40
()
Temperature [ C]
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(b)

C [ns/°C]

05
oa [ ® C a2s5"C b
Fitting curve
03 | -
0.1 } ]
o | l P ]
01 [ ( ]
02 [
10° 10" 10> 10*° 10* 10° 10° 107 108
Delay Time Tspt [ns]
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Summary

We have successfully fabricated and tested a new
VME/FPGA-based TDC with a wide dynamic range
greater than 20 ms and a resolution of 1 ns.

The required specifications of the TDC were realized
on the basis of the suitable design with a high-
precision temperature-compensated external clock
with an accuracy of 0.13 ppm.

The obtained results show that the accuracies of the
time-duration measurements are less than 1 ns and
2.6 ns within dynamic ranges of 7.5 ms and 20 ms,

respectively. Yy
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Backup files
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SKEKB Parameters

2011 Feb. 2012 Feb.

HER no wiggler HER 60% wigglers
Energy (GeV) (LER/HER) 4.0/7.00729 4.0/7.00729
B, (mm) 0.27/0.30 0.27/0.30
B,* (mm) 32/25 32/25
e, (nm) 3.2/5.3 3.2/
e, /€, (%) 0.27/0.24 0.27/
G,(nm) 48/62 48/62
éy 0.0897/0.0807 0.0881/0.0801
o, (mm) 6/5 6/5
L. (A) 3.6/2.6 3.6/2.6
Nyunches 2500 2500
Luminosity (1034 cm2 s1) 80 80

HER ¢ with 60% wigglers is used as the nominal value.

Lower HER ¢, can relax some other parameters (8, €, /¢,,
etc. ). At present, larger ¢ /e, in HER is adopted.



e+/e- injector upgrade

{za=ezzzz] {z2an]oc oun KEKB injector s o

+ RF bunching 2.5 GeV
section 0.1nC x 1
J-arc
1.7 GeV for LER
e - for e+ production e+ capture C-band 115.5CGe\21
4.0 GeV, 10nC x 2 i i nt X
section (PCS) Acc units ECS 2100 um
|ss======= ) (s=s====-\E=s= === . S==sE=s= | (SSSNEESE | (SSEEEES 1-e0
e— by-pass for HER
orbit

for AR 8.0 GeV

3.0Gev 1nCx2
0.1nC x 1 100~300 um

existing DC gun

for 10 nC beam (?) SuperKEKB injector
[ ! E] P J

for PF
new RF-gun for @ 1.1Gev g:?rﬁ;ex,l

low emit. 5 nC beam e+ damping ring (AR?)

J-arc & primary 10 nC beam / for LER
1.5 GeV Bunch Energy 4.0 GeV
e- for e+ production new e+ capture Compression, comPression 4nC x 2
3.2GeV, 10nC x2 gection (PCS)  System System cs 92[H)/71v]

um

6.5 GeV 5.nc X 2
5nC? 20um
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Linac provides:

PF: 2.5 GeVe-

PF-AR: 4/6.5 GeV e-i+

SuperKEKB: 7 GeV e-
4 GeV e+

current
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2.5GeVic

e+ increase
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/ \
RF-gun
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Event Timing System

Event Generator (EVG) VME-MRF-230
Event Receiver (EVR) VME-MRF-230RF

MRF modules are used. {

EVG: sending 256 kinds of Event (Code#0-#255)

EVR: function can be programmed for each Event Code#
One optical cable can be considered as 256 signal lines in
parallel. Timing accuracy of this system: typically <15ps.

Function
Trigger —=—>i E E _>_>
V Event S V —
G R
RF clock =—>1 —
(114.24MHz)
delivered f"ﬁ'/&‘e KEKB main EVR
.i.r;taernal Synchronized with input locked by Event
clock RF clock (synchronized with EVG)
Trigger |Input TTL Event
Function | Event sending, NIM/TTL signal
up to 2048 Events in a production,
trigger CPU interrupt




Trigger timing distribution system (II)

o ABESHPRICHYALNZIJ X (G @Main EVGEERE
o AHIESSA VIO TZ(EMEVRESRE
 EVG-EVRIZIHT7A/N—TRY—EEIND

to SKEKB

Sector B \

Trigger Stations
|7E EVG Station

|| EVR Station

| ____________ <

o - - AL A3 )
C3 C4 =3 L i o : 12 1-3
Se —
180-degree
Arc e 1.
4-3 44 1 45 4-6 4-7 4-8 i

JSB3 SB_4

38 L‘ 4.

. )
Sector 3 Segor 4 Sector 5 ECS SKEKB ¢- 7GeV SKEKB ¢* 4GeV
PE-AR o2 3GoV oo
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