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. A5t5 iy

4 AE — L(e-le+) A
— 600 mE, E—L#YIRL: 25 Hz (8 KX: 50 Hz)
— 2/\>FIEER (96 nsfElfm)

IPF-AR 7
. SUpEI’KEKB M R | (Advanced Ring for ,;' 3 :...

| pulse X-rays)

— HER: e-, 7GeV, 1nC
— LER: e+,4GeV, 0.4nC

° ﬁ&%‘fﬁlﬁ I)?/ﬁ‘ # i %)
— PF: e-, 2.5 GeV, 0.3nC (Photon Factory) " ‘ ; "‘ "'L
1E3EAS(BEICEYby T T YT Thas & ety U
— PF-AR:e-, 3GeV, 0.3nC = SETLS R L T

18 3[E A5
(*) A511£6.5 GeVETHE 3
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SuperKEKB A G138 D E K
e {EIZIvAL Re-le+E— LA
— e-: 1 nC, 300 mm-mrad (kexs) =>5 nC, 50 (H)/20 (V) mm-mrad (Phase III)

— e+: 1 nC, 1500 mm-mrad (keks) =>4 nC, 100 (H)/20 (V) mm-mrad (Phase I11)
* (*) Phase I: 1 nC, ETZI YAV XA E, Phase II: 2nC, EIIvAU X

~ BIIVAANEMRFEFE (Ir5Ce, #EITIRZER)
- BEFFEVTYYT

— RBEWRT A A2 (0.1 mm - 0.3 mm (o))

- BEHEINESLUFEIZEIKIIVIVRERE

e KigEe+: ITyHIRaAVtEURL—4, KORSHNRNEE
o ARVKIALZIVT O RT L (1N yREIR MR/DR)
¢ BEERFE=A, B¥EBPMHEAELZR, /VLAQuad, /NILARRTTYLY
- BERFbYTTYTAS EE—LF
— HER/LER (+ #YE>J1)2%), PF, 8L UPF-AR

4



O A 57135 Phase 1 B SEMRESHEDFE

: SuperKEKB SuperKEKB
E—L

e+ e— e+t e— e+ e—
IILF— (GeV) 3.5 8.0 4.0 7.0 4.0 7.0
ZHEERE (A 1.6 1.1 1 1 3.6 2.6

Primary e-10 Primary e- 8 Primary e-10
INUFEBRIZ (NC) -1 0.4 ~4 5

REIETIVEVR 100/20 50/20
(mm-mrad) 1400 1000 (Hor./Ver.) (Hor./Ver.)

IRILF—ILEHY (%) 0.125 0.5 : 0.1 0.1

E—L#YIRL (Hz) 50 50

3 rings 4+1 rings

(SuperKEKB e—/e+, DR,

(KEKB e—/e+, PF) PF. PF-AR)




Super

KEKB

4 nC (10 nC) x 2 bunches x 50 Hz (SuperKEKB e+)
5nC x 2 bunches x 50 Hz (SuperKEKB e-)
B A 0.3 nC x 1 bunch x 25 Hz (PF-AR e-)
0.3nC x 1 bunch x 25 Hz (PF e-)

e+ target e-:Chicane HER: 7 GeV e-
?DDE— ------- L l S L AL J IR - e J ------- A L 5nC x2
aDDD— 4.219 GeV ------------------------------ - PF-AR: 6.5 GeV
E : : e : :

BOOOE- e e o PP T 0.3 nCx1

%mz sameenergy 0 0A~_ i A E—— Decel _1

= : : : g LER: 4 GeV e+
1 T T T ST __ s S

w 3 . : : : 4 nCx2
2000} R - 2
1008 € .’.‘...t.f"“ig.‘?_'.‘......... et N R _ PF:2.5GeVe-
/D 5 | | 3 o03ncxt

100

R ST T R R
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_—
BEIZISVAVARTE
« EISVAVREBEFE—LBEAEFUVELTYUTHL)
« RBFE—LBEREICKSZIZSVAVRARE
o FHE#IZAL—LavBELUVE—LIZKD T —PENTARETA
« E—LIYADIIHINEE

Low emittance 11GeVe+

Photo-cathode RF gun o~ E
=1 "m
3.14GeVe- DR s S~
£ =
e e £ :
e+ targe e- Chicane 5 =
4.219 GeV g" g-

Bunch &

R Offset injection

W/O Offset Inj. e
W/ Offset Inj). e

-ETE#IZaL—2aYy -
ILEy, . QIMEEIRTSAAUH \\ _

0.3 mm (o) -E—LRZT A -

V-3 + SOBDRLBHIRTIA A ||° RETH \

. SIEMIEAIRE o ABVBRICITBARTT T

« BEIVARIFIZEWWTIZSVEVREIE

Norm. Projected V. Emittance [micro m
—
o

—

—

10 100
Norm. Projected H. Emittance [micro m])
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R~y T 7y T AGT (31)29)
* PE- AR)\%T':F'(l 2[8], &-20)KEKBy T 7y

inosity 10.803[/nb/sec 37
Integral minosi 1498.80[/pb 6/13/2009 12:00 - 6/14/2009 ZQ IST PF
(L= 5 0 IR SR AR (Y| R SRR (7 ARG SR | R S 10 E 500
1;_1-1.':1{ =250
0.8 il2eq | | ]
o o SN
S 0.65 <
= PE = = 400
L 0.2 S’
5| oF e e —o - = L
E 1,50+ I I I I i 4l E
F ! bl
5| B § 156 5 300
alE v
0.5k g =
o . <
E EH |
2@ g 200
: 3
Zl1s b
s =
g
g
3
E 1 0 ; i . . 1 :
00:00 06:00 12:00 18:00 24:00

Time (hh:mm)




Super

KeEKB

PF-ARZ&E & 1=FIFRFcY T 7 v A5t
PF-AR/KEKBIZ, E—LBEHBEHLE
e BIFEDF I RILAR—XDEIRE

+ PF-AREEASTERIL, 2014F5RICh O RILIEET
» WYDITIA2 (AFERBIRAVFVY—F) DI =
e 20174283y a= Y FFE

New beam transport for PF-AR

\
A\ \

Matching New tunnel (~200m) Switch yard #3

H. Takaki (KEKB review 2013)
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J\%T Phase | A3wia=>4%

- BEFHOBEARN—IL(2015548)

— Iz a?im% 1REFHERAONC)DT=6
- RFEFHTORKEMRER =L 5.6C

— RFEFHSA T DFFEE (1200 mm)

- BEFHRAE—LSAU%#E% (1950 mm)
s BEFHIZIVII=JI1X2015F5HI1Z5E
. SuperKEKB MR (HER/LER) Phase 133wl 3= (&, BEFHZEHTEHIA
« 6/8(&) ~6/18(X):

— RFEF#HZAV-HERAS (LERASIIAEFHDEE)
(*) 6/18(%) 13:30: Z=FRA#EMN S DIKIFNIZEKY, RIEF/IZEIELT=,

Merger line ‘ ‘ ‘ I ‘
& Thermionic e- gun
i | ! lIl:;

L -
|
4

R Eami e g 1 | !hl‘.lﬂ— )
'—-—-

ﬂﬁ‘l‘.ﬂ-‘fﬂ{m—l‘“i B[ 200w 1950 0 B

—
f
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25 (HERAST)

— 1nC (EF#), 1 nC (A5T25#£4H), 0.5 nC (BTH i)
12.5 Hz, 1/\F

=——— Untitled
=

18 BR 51

Linac KEKB e- Orbit
File Ref BPM Update
Linac KEKB e- Orbit
4 -
E 2+ Mark 1= 488.018ns 92 cnt
E A Mark 2= 499.040ns 433 ent
— 0 FWHIM = 8.139ps (499 028ns)
Z 23 AREA = 380834 cnt
i g ————————— T
_4_
15000
Q4111 O N
2= 10000
4_
= 2] oo -
;o]
O -2 0
-4
h w0 L ooy by
495.96ns 488.98ns 499.00ns 499.02ns 499.04ns 499.06ns 499.08ns
RE— .
2 First bunch
] Irst ounc
o 1.5 7 d
5 A .
5 '3 ' ; - 8 pS
& 05 I
o

(streak camera measurement)

B0 O E RN (I CEEECEDT
(NN N AT T SO SO0 o lea o 2 IR AR I M T e
F OIOC I I (T T n—‘—‘ h

Q(ist):| 0.536 nC

i mlii o SOV W L R L
e Q(Znd):| 0.0z4 nC
'(”C) |_ BT '
DX & — | DY 5 — | Qe- 2 - en fAveragell | 2016/05/21 03:26:14
-Sector Bunch Sigma——

‘_l KBP _| 1 QFE _| 1 JBE _| JBP _| 1 SFE _| Set Ref |J

EANBENRMNCHEI N2 W3 W4N5 W68 BT | 1st _j 2nd | _{ visible

SP 58 0 Current : DX=[-1.82, -0.56] D¥=[ -0.24, -1.54] Qe+=[ 0.76, 0.02] _| chy threshold & _.| SP AT 0 _-| 1st _.|0.1 [nC]| _i peak hold (60sec) resize |ﬂ|




@ A G188 Phase 1 E5EMFELSEDEH ;=
Eizdgu I\\\ %%f)b (LERAE 1

— 1R e-: 10 nC (EF#%), 7 nC (e+12/Y)

= Untitled

_ . S XA A : :
e+: 0.7 nC\()\%Ta%fﬁ\ i), 0.4 nC (BT #% i) T ——
— 25 Hz, 2/\>F ~ 15 ps T

jle Ref BPM Update ; (streak camera measurement)
Linac KEKB e+ Orbit 1o00000f

500000 -

________ Mo

1 1 1 1 1 1 1 1 1 1 1 1
726.22ns 726.24ns 726.26ns 726.28n3 726.30ns 726.32ns

0

-500000 Lo

10€
1€

Second bunCh Eazzsazns)
~ 15 ps

(streak camera measurement)

TuuuuuuE

Range - 1 - - — 500000 -
x 5 —|ov 5 —|ae 11 LlnaC j BT age

Sector Sigma—— 0
FANMBWNRWNCNI l2I3I4I’5IBI’BT||I’1stI’2nd||_|visihle‘ |

o o e o

IXD5P K Current : DX=[ 1.54, 4.11] DV=[ -3.07, -4.51] Qes=[ 0.51, 0.47] ‘Jchgthreshold A _.| SP AT D _.| 2nd _.|5 CEIREEPECEE] =~ 00— L
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2EF 5 (MRAST)

— AGE: ~ 0.5 mA/s, AGTRIER: 70% ~ 100%
« HER:
— AGTE: ~ 0.8 mA/s, AT 80% ~ 100%
LER injection rate (mA/s)

< 213 F A5t
Py
g
C
2
3
g 3
1\F A5t

0.0
160523 00:00 160523 12:00 160524 00:00 160524 12:00 160525 00:00
Date and time (yyMMdd HH:mm)
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HEFiH7 (TIVI XA
« TILFITANXRATvH (5€043)
e e-E—.Ls: gnx ~ 160, Eny ~ 300 (mm-mrad)
e e+E—L: gnx~ 1000, Eny ~ 1200 (mm-mrad)

Results of Measurement Results of Measurement

B. @GV584 [m] : 44 420 B, @GVS84 [m)] : 13.57 B, @GVS84 [m] : 15.334 B, @GVS84[m] :

o, @GVS84 2902 a,@GVS84 1.01 o, @GVSB4 1.044 a, @GVS84

&, [m]: [1.1866E-8 g, [m] : ) € [m): 1.83245E-7 €,[m) : 1 4993E 7

Ae, [m]: 2.2352E-9 Ac, [m) : ) Ag, [m]: 2.2202E-7 Ag, [m] : 24355E-8
frr.mm.mrad] : 162.553 ve, [mmm.mrad] : Y&, [mm.mrad] : 1086.782 Y&, [mmm.mrad]: 1173614

N
S
g
Ave

H

£

ADC Counts (WS514) l=
2 2 -

60 50 10 50 30 20 46 56 80 160

're__.Posit:i.un Tmm1 E W:Lre Pus:.tmn [ Wi ea Pus:.tmn Tmm1
- - 016_3_16_17, P . 1

Flle Pref | ReFir [300Y

AT

et St
g
FRRIRAS S

ADC Counts (WS572) *

wivpd o ot Ve

20 40 66 88
ire Position [mml

ReFit




3w az=2 oY —)L

+ 235 ARIFEPICS PVARE IS THIEIFT A —

~ ~15010Cs | st
o JNSAROF 4 Channel Archiver, CSS Archiver =l "

— 42000 PVs —— B2 ==

— CLIB&KUWebR—RFT—RT 54
« EPICSCSS7o—LIZKDEET—HER
« SAD, Python, CSSR—Z MDY — L &
o INTAREEY—IL

« ETIBELVAIELRARYREEICLI-E1EHIE/FB
« IX)LF—FBH EPICSIOC

« IRIILF—EHMYE=ZAZELUFB

- [REABPMBIZEY—JL (Shot ID)

« EERFEZAIZLAREAIEY—ILDORFES LU REABPMEAIE LD EHE
o FSALEY—IL

15
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RFEFEIZLDAMRA ST

o AIAZYFRERTONFEHER, ASTIEFIFIX100%Z ZRK
L1=,

Injection tuning

053142

o=—HER current (r_n A)

Injection efficiency (%) MM
_ | ] uullili.ﬂl

sBunch charge (nC]u
| l M
>

INUTFIEREEL INTFEREDY

<
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RFEFHICRORXEFHERAST

HED 795 [4] 1576 [bunches]  Vacuum Serubbing frerel Rerten Comm e

== -4 [A] 1 [bunches] Bunch length measurernent
HER '?E ,ﬁ E 00 (now) .000 (pesk in 24H @21:40) [/ub/sec] BaG 06/0-06/24
:]ll)

0{Dayy  .0{24H) [/pb] &/10/2016 14:28 IST

1ER 200 105

[S[ela]
108

400
107

[ur] awnapr

EE- :k
EE./JIL

200

I_

- o108
108

Beam Cw

10

[eg] amssarg

* LERInj.rate LER i.nj_. eff.
e HER inj. rate HER inj. eff.

0° o Wpo® g

Injection rate (mA/s)

HER injection Bl HER injection | ' HER inje_ctic_)n Y HER injection|B
w/ thermlonlc e-gun |- ARSI w/ thermionic e- gun | - ¢S gun .

Injection efficiency (%)

0.0 0
160606 00:00 160607 00:00 160608 00:00 160609 00:00 160610 00:00 160606 00:00 160607 00:00 160608 00:00 160609 00:00 160610 00:00
Date and time (yyMMdd HH:mm) Date and time (yyMMdd HH:mm)
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2016/05f31 11:0813 w41

File Ref BPM Update
Linac KEKB e- Orbit (GR_A1)

2016/05/31 11:08:13
DX 15t
RMS : 1.606
Max : 6.273@QAFRE_S
Min : -3.273@QMF3E_M

D¥ 1st

RMS @ 1.271

Max : 3.658@QWDE_1M
Min : -2.841 @QWDE_3M

QMDI0E_M
DX{1st): -1.315 mm
D={Znd): | 0.000 mm
D¥{1st): 0.036 mm
D¥{Znd):| 0.000 mm
Q(l1st):| 0393 nC
Q(znd):| 0.000 nC
MOOCNCICICNUOIEIIAOCIUy. OO0 O OF  COLOTODOOMNNEOTAN CL0 00 00 00 00 OO 0 OO 00 Const CEDGEIERD QNI 5 5 5
| (nC) il A R o |E |: |: |: |2 C |2 I o |m|g by A
sl LT _|"|L|Jh|m oty 1T |ﬁlm|m|m|hlm|m|m|b|mﬁ
Al = 50 O S S N »5 i; >gn
Range
[Dx 5 —|ov s |oe 2 e L| Nac _i Averagel0 | 2016/05/21 03:26:14
Sector Sigl’l:lit— 1 mor _J 1 wrc _J Juoc _jwor _] d SFE _ Set Ref |
EANBENRMNCE1WZ2ZME3NA4WS5 W6 W BT W 1st | 2nd| _| visible

QBFIE_S Current : DX=[ -1.46, 0.00] DY=[ -0.65, 0.00] Qe+=[ 0.40, 0.00]

_ichy threshold A& — | SP_A1_G — | 1st — |01 pc)| o peak hold (60sec)  resize ||a|
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File Ref BPM Update

Super
KeEKB

| B LR SR DFE

2016405131 15:43:22 v41

Linac KEKB e- Orbit (GR_A1)

Z016/05F31 15:43:22

4 DX 1st
= 2 RMS : Z.848
E g Max @ 13.213=2QARE_3
B2 Min : -10.232@QXF5E_S

-4 :

X (mm)
- T 1 L = —1 - - = I' - i i
| dfelrerey T , Horizontal steering x (A) oy 1st
RMS : 1677

Max : 6.064=QMD1E_2ZM
Min : -4.718@ QMDIE_M

QMF3E_M
Dx(1st): -Z2.453 mm
Dx{Znd): | 0.000 wmm
D¥({1st): -0.761 mm
D¥{Znd):| 0.000 mm
Q(lst):| 0.582 nC
Q(Znd}):| 0.000 nC
I(nC) T T A T I-FU IjIEIIIIII (] Iml:l:lzl:lzzl;l;l
mmﬁ — O CRHDEE-ROCLOMEERKDI— G~ G0 00 R B 3 00 [ 4= Goo0o0
iy L] PP 'h'bm'W'&'h'h'h'h'hh'h'h”
>
Rangje
[Dx 5 —|pv 5 —|ae 2 —|ae L| Nac | AveragelD | 2016/05/21 03:26:14
Sector Sigl'l:lf-.l- 1 mor o _Jg 1 wrec _g Juvoc _juvor _| 1 3FE _| 3et Ref |
WANEBENRMNCHEI] W2 3 W4W5 W6 W BT|Wist g 2nd | i visible

SP 22 4 Curvent : DX=[ 0.49, 0.00] DY=[ -0.77, 0.00] Qe+=[ 0.71, 0.00]

_ichy threshold A — | SP_.a1_G — | 1st —[[01 )| i peak hold (60sec)  resize ||a|
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IZYAV R (RFEFER)

EFHZALV-MRAST (20165F5A31H (%))
/\./7‘ mmr= 1nC (TIVAVRARFEL)

QRF v (Qscan) B LUV ILFITA NV XX v F(WS)IZLDHI VAV REITE
QRFYUAIFEIX, TOT7AILEZFE LUV A RIEI#ERE(TEGER YT —

DhA5#ER

B % 33 P JKFEHME enx (Mmm-mrad)

Ala=vho (4> 28.3
(Qscan)
Al M (Qscan) 20.3
Bt-424 7 (Qscan) 48.5
Cto% (WS) 100 += 138
594 (WS) 106 £ 24.9
BT (WS) 211 = 110.6

FEE A M eny (Mm-mrad)
26.4

17.7
21.7
34.2 = 16.5
76.5 = 38.9
133 £+ 22.2
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INTFERE=LZTES (RFE ?fn)

. %%f)b%ﬁﬁ“fZHER)\%‘f. 718(&) ~
. A‘*/%E%EW@J(M% ~5%. (~ 20% in 2014)
« 1% ~ 2% (BAEF )
. /\ﬁtaaﬁg@?k%}]l;t E—L#gYRLIZIREFELZLY

Bunch charge stability (~ 10 min.)




C A 57138 : Phase 1 B SEfE LS HEDFE %
E—LMNEZRTE N (RFEFH)

. HEBRENE EERETHE—LLAE

» KEFZRIFEEFRIYEEHNKREL

* oxy: 0.1 mm~ 0.2 mm (BAEF)

Horizontal position stability (~ 10 min.) Vertical position stability (~10 min.)

14+

12

10

08r

0.6

oX (mm)
oy (mm)

04r

0.2
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Phase Il 33w 3= IZMITTHDRRE
« BEIZSVAVRE—L®DHEIL (2nC, 20 mm-mrad)
— RFEF#E (2nC, 10 mm-mrad)
— TLT7FAAVRBLUVREF DR INEK
- EIZSVAVRRRF
- EREEBPMEAHLRANDEH (918 F36EEFH). 6 ~ 50 pm =>5 pum)
« BIZVAVAEERER
s E—LDYARDEESIURKRE
— A3y a= TV —ILDE(E
RiBEGEFERK
— 12 KAEERICRIT=#HT7IvIRAVE N —3 (T—D/N\—FZ2 T ) D
ERE (20164EFK)
- [EFbyT 7y 7 1EER (HER, LER (+ damping ring), PF, PF-AR)
— ¥PF-ARE —LEHEODIOZIYI 3= (201752A8)
— INJLRQ (308), /NILRRTTIUYT (36B)NDRE (2017 E)
- BRE2RVATLORE (RFM T T YT EERIZRITT)
23



Super
KeEKB

y

2016/06/08 17:58:20 v4.1

Ref BPM Update

Linac KEKB e- Orbit (GR_A1) 2016/06/08 17:58:20

DX 1st

RMS : 2.112

Max : 8.060@QAFSE_S
Min : -8.931 @QXF5E_S

D [mm]

SH O[]

DY 1st
RMS : 1.354

= ;E Max : 4.877@QMD1E_2M
E 5] Min : -3.965@QMD1E_3
= U3
o -2

— 5

ﬂ;ﬂ Dg QMD10E_M

o e DX{1st):| -1.007 mm
25 2 D¥(2nd):| 0.000 mm

gI.S—_ 15 2| pyqst):| -1.218 mm

5 ! 2| pv(zna):| 0.000 mm

G 05 052 | qQist):| 0.438 nC
D_

YO0 OO OO COCCCn O COOICOIm QOO0 DL O 00
TOOOOOT IO TOO0 U0 TOoO0N TOITIOOOODEOTooTD T 1 T T T T T T
I O I [INANN 11 IL!.I.\J ILAJ
— s - D 0 ) R IIDe-POCLOTEIR KD — (o )
l;l L U 1111 I-l‘-'lll |W|#|#| |
R
L Show
DX 5 _.|mr 5 _.|Qe- 2 —|aer 2 _.| Replot | W Current W Ref _{ CurrentRef _{ Averages i

WMANBNRNCNI] W2 W3 W4@ s WE W BT| W 1st _j 2nd | _j visible

QMFIE_S  Current : DX=[ -3.97, 0.00] D¥=[ 0.53, 0.00] Qes=[ 0.44, 0.00] _{ chg threshold A _.| SP_Al_G _.| 1st _.|u.1 me)| -

Sector Bunch 3‘9“’3_‘ 1 KBP _j | QFE | _{ JBE _| JBP
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NEARE S (BEFH)

Z016/06/26 09:13:11 w41

File Ref BPM Update

Super

KeKB

(

Linac KEKB e- Orbit

20160626 09:13:11

Max : 5.525@QBF3E_S
Min : -3.818@SP_R0_62

DY 1st

RMS : 2.069
Max : 6.467@QADGE_M

Min : -10.360z QMD1E_3

mmummmﬁcrmm m:numum mm’_rm
IIIIIIIIIIIIIIIIIIII IIIIIII IIIIII .1 I_UI I

OO |r|n|°f'w I,uﬁu, o |m|°m|
%m@%‘% Lml e

Range Beam Gate——

DX 5 —|Dv 5 —[@e- 15 —|aes 15 —| Repiot ||0pen [ Open

Sector Bunch Sigma——
WANBMNRMNCNI] WNZ W3 W4Ws W6 W BT | W 1st _ 2nd Jvisihle‘

QMF3IE_M
DX({1st):
DX{Znd):
D¥{1st):
DY{2Znd):

Qlst):
Q(Znd):

-2.7¢2
-3.360
-0.761
0.000
0.407
0.021

Show

W Current W Ref _| Cument-Ref _| Average5 _j Averageld | 2016/05/21 03:26:14

1 KBP 1 QFE _g i JBE i JBP | 1 SFE 1

Set Ref |

QBFIE_S Current : DX=[ 0.04, -1.17] DY=[ -1.23, -1.17] Qe+=[ 0.34, 0.02] _i chy threshold A _.| SP_AT 0 _.| 1st _.| 0.1

[hC]| _i peak hold {(60sec) resize |§|
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INJLRQ E—LEER
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FEH

e Phase | a3yl a=2 M+ EFHOBHREZHSHo1=,
(20154E5 )

 SuperKEKB MR Phase | A2y 3=>% [, HER/LERA§t &4 (128
EFHZANTHIBL, KELGRBHEKETL -,

« RFEFHZAWVNEMRASICHAOH TRLIIL (20165E5H31H (AK)),
ERMICASEB BT,

e Phase l A3yl a=2JCMITT, BEN=EEEZ—DOF DERL
T,

27
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Backup

28
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Emittance growth due to component misalignment
 Simulation results from 100 different seeds.
« Misalignment of Quadrupole magnets and Accelerating structure:
* o <0.1 mm: Bye 20 mm-mrad is almost satisfied.
« o> 0.1 mm: emittance preservation is required by some methods.

<Emittance growth>

- guadratic curve as a function of
misalignment

-final emittance depends on error
seed

Simulation
SAD code, Elegant
Initial bunch charge: 5 nC

- = 20 mm-mrad Initial emittance: 6 mm-mrad

Initial bunch length: 10 ps (FWHM)
Initial energy spread : 0.4%

Initial beam energy: 20 MeV

Uniform longitudinal beam distribution

0 0050.10.15020250303504

Norm. projected rms emittance (mm-mrad)

Misalignment o (mm)
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Energy spread requirement

For the synchrotron phase space injection, small energy spread (0.1%) is required.

A rectangular beam distribution in the longitudinal direction is required for the
beam with bunch charge of 5 nC (Phase 111).

Laser shaping technique (temporal manipulation)

2 nC, gaussian

lk

2 nC, rectangular
5 nC, gaussian

5 nC, rectangular

Gaussian shape

Px e

* - ®

| | ; L 11 L 11 L1 L1 L1 1
10 1214 16 18 20
bunch length [ps] Rectangular shape
Figure 7: Energy spread at the end of 5-sector as a function
of the bunch length with optimal RF phase. S. Kazama et al., IPAC’15, MOPWAO053
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Offset Injection (experiment)

Feasibility of offset injection was studied w/ bunch charge of 0.3 nC
(thermionic gun).

Changing the excitation current of steering magnet at Unit A4.
Emittance was measured multiple wire scanner at Sector B end.

We will conduct this measurement w/ rf gun.

2 Hori';l!{)ntfll Stleel‘ilﬂg slca“ ‘, nominﬁl: 0..9 (A)I * pPre | 70 P ——— nominall: 1 (AI\) * P, 70
FEL 1 e
160 | ? ¢ ; 160 - } i {: { } -
g 1of H } toE | g el i | P 1% 2
g 1201 t {—40? £ 1200 ¢ i%}} {{-403
2 100 -~ ; $ : - g E 00— - Loe ¢ - :
Somp it S A O I - — 1z
60 {20 ~ E 60 120 ~
40 : 40 -
20 11 20 - 1"
ob—— L 0 oL L 0
3 2 1 0 1 2 3 4 3 2 a1 0 1 2 3 4
SX_A4_1(A) SY_A4_1(A)
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Emlttance w/ bunch charge fluctuation

« Emittance simulation w/ 10 misalignment seeds (accelerating structure).
« Sector C to Sector 5 (Linac end)

« Assuming 5 nC, initial emittance of 10 mm-mrad (SectorC)

* When bunch charge increases by 10%, emittance increases by 6.5%.

« Try simulations w/ measured component misalignment, dynamic beam line
movement, energy jitter.

ge, @ 5-sector End

T 12.4 => 13.2 mm-mrad

5nC =>55nC

5.4 5.6
charge [nC]
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Emittance measurement

« Emittance as function of bunch charge (drop the results w/ large error)

« Small bunch charge (< 1 nC) shows good emittance at injector section.
— <10 mm-mrad (Vertical), < 15 mm-mrad (Horizontal)

« Results at SectorB show larger emittance than our goal.

Quad scan (Gun) Wire scanner (Sector B)
—— : " 300

250 +

200

150

Bye (mm.mrad)

Bye (mm.mrad)

100 |

0|
0.0 0.2 04 06 08 1.0 1.2 14 1.6 1.8 2.0

N
o

Bunch charge (nC) Bunch charge (nC)
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< A G135 : Phase 115 EFELSEDFE
Optics design

« Quadrupole triplets will be installed in merger line.

« Beam size is not so large in comparison with bore radius of vacuum chamber .
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Beam diagnostics

« Beam position measurement

— BPMs x 91 (strip-line type electrodes)
« Beam profile/Emittance measurement

— Fluorescent screen monitors x100

— Single wire scanner x1

— Multiple wire scanner x5
« Bunch length measurement

— Streak camera x3

Wire scanner  G¢reak camera

Low emittance
Wire 1.5 GeV e- Photo-cathodeRF gun 1-1GeVet
scanner c 3.14GeVe-

e+ target e- Chicane
4.219 GeV

Streak camera __ ., .
Wire scanner Wire scanner

Wire scanner
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New BPM readout system T ileg
 Current system: T T
= ey

— Windows-based digital oscilloscope
10 GSa/s, 8 bit, 1 GHz bandwidth, 4 channels
« Twenty four systems process the signals from 92 BPMs

 Position measurement precision: 25~50 um (3-BPM method)

 New system:

— VME module w/ band-pass sampling scheme
« 250 MSa/s, 16 bit ADC,
« BPF (fc: 180 MHz, BW: 60 MHz, 22 MHz)
» Signal can be well damped within 80 ns
(first and second bunch interval: 96 ns)

— Measurement precision: 3 pLm

104 modules have been manufactured.

ADC clock [/ 4ns]

12 modules have been successfully utilized for daily operation.
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Profile monitor
Screen material i1s made of 99.5% Al203 and 0.5% CrO3 (AF995R,

Demarquest Co.). (t: 1 mm)

Linux/PLC (x31) control profile monitor (insert/remove, video signal
select, limit switch, LED illumination, pneumatic air pressure).

EPICS IOC is running on Linux/PLC. HLA is implemented by Python.

‘ ~'Beam profile ‘
z ‘ Controller and HLA ‘

il il o0 |8 0|8 |n|n|>|ﬁ|n| o5 |5
EA S e A E Al e el el el e el s L
o s [m I Ine s [ e |2 (2 12 I = o 'n
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Profile monitor (cont’d).
« 7/97 were replaced by 30-um-thick one for precise beam

size/emittance measurement (Quadrupole scan)_____

» CCD cameras have been replaced by new one - ' Lf
— Allied Vision: GC650 w/ GbE '
— EXxt. trigger input

— EPICS I0C, CSS for HLA
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£ Bunch charge history (rf gun,

1 C5

> 4

. 'SP B7 4
6 ——————— 2.6NC I_— SP_R0_63

SP 58 0

Bunch charge (nC)

2013/10/01 2014/01/01 2014/04/01 2014/07/01 2014/10/01 2015/01/01

YYYY/MM/DD
SP_B7 4 SP Al C5
T Damping ring
}Sector B  Sector Al RF gun for e+
il (1.1 GeV)
e- 1.5 GeV
@J-ARC H l—l H I—l H I To Beam Transpor

Sector C Sector 1 Sector 2 Sector 3  Sector 4 Sector £

SP 58 0
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< A J138: Phase LB EMMES R DFE .
Bunch charge from rf gun in last Dec.

SP Al _C5

Bunch charge (nC)
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Typical beam charge stability

-
|- BPM Trend Graph =]
File BPM Trend Graph 201301100 19:33:32 vO.l
Record Mame :| LHIBM:SP_A1_C5 1:SHGL:SFE
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Bunch charge and laser power

« Bunch charge (1t BPM) as a function of laser power.
e Clear correlation between them

120141023 _185443 dat’ using 2.4

Bunch charge (nC)

4

Laser power (Arb. Units)
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Bunch charge fluctuation

 Bunch charge fluctuation as a function of bunch charge (2D histogram)
e Oct. of 2013 — Dec. of 2014
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e- beam parameters

Energy (GeV)

HER stored current (A)
HER beam lifetime (min.)
Maximum beam repetition (Hz)
Max. # of bunch in an rf pulse
Emittance (mm-mrad)
Charge (nC)

Energy spread (%)
Bunch length oz (mm)
Damping ring
Simultaneous top-up injection

SuperKEKB

7.0

2.6

6

50

2

50/20 (Hor./\fer.)

5

0.1

1.3

4 rings (SuperKEKB
e-/e+, PF, PF-AR)

KEKB
8.0
1.1
200

50
2
310
1
0.05
1.3

3 rings (KEKB e-/e+, PF)
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e+ beam parameters

Energy (GeV)

LER stored current (A)
LER beam lifetime (min.)
Maximum beam repetition (Hz)
Max. # of bunch in an rf pulse
Emittance (mm-mrad)
Charge (nC)

Energy spread (%)
Bunch length oz (mm)
Damping ring
Simultaneous top-up injection

SuperKEKB

4

3.6
6

50
2

100/20 (Hor./\er.)

4

0.07

0.7

O

4 rings (SuperKEKB
e-/e+, PF, PF-AR)

KEKB
3.5
1.6
133
50

2
1400
1

0.125

2.6

3 rings (KEKB e-/e+, PF)
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Beam position stability @ SP_Al \C5

» Measured beam position at first BPM (SP_A1 C5)

— oX~0.57mm
— oy ~0.11 mm

 Fluctuation of horizontal beam position is larger than vertical one.

500 1000 1500 2000 2500 3000 3500 4000 4500
time (sec)

JSomm.

500 1000 1500 2000 2500 3000 3500 4000 4500
time (sec)

500 1000 1500 2000 2500 3000 3500 4000 4500
time (sec)
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Energy spread measurement @ J-

« Measure beam energy spread by screen monitor (middle of
J-ARC) w/ and w/o bunch compression at Al chicane.

« Bunch compression at Al unit is effective for energy

spread compensation.

201 dmllmdind2edduinl

Al chicane On sl Al chicane Off o
(w/o bunch compression) (w/ bunch compression)

- » "

49
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Super
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Bunch compression @ J-ARC

Isochronous (w/o bunch compression), Rss = -0.3 m (w/ bunch
compression) w/ different RF @ in SectorA/B

Clear bunch compression has not yet been measured.

Emittance measurement by multiple wire scanner at Sector2 w/ and
w/o J-ARC bunch compression.

Bunch length (ps)

20

18

16

14

12

10

w/0 compression
w/ compression

L

RF A® (dedq.)

uuuuuu

nnnnnn

nnnnnn

nnnnnnn

Streak camera at SectorC
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Bunch compression at J-ARC 4

« Mitigate transverse wakefield and emittance growth

* Initial bunch length 10 ps => 5 ps (bunch compression at J-ARC)
— First stage compression at Al unit (30 ps => 10 ps)

» Control Rse and energy spread at J-ARC

100 m
(——
Sector B Sector A

to BT, beam dump,
experimental beam line

Sector Jarc
/ Sector C Sector 1 Sector 2 Sector 3 Sector 4 Sector 5

[ Bunch R —

_ 500 m
compression
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Emittance (misalignment o = 0.3 mm)
» Bunch compression Is effective.

» However, still not enough for 20 mm-mrad.

R56 = 0 (w/o compression) R56 =-0.30 (w/ compression)

—
=
=
(o]
—
L]

=
—
=
=

[l

. Projected Emittance

-15 -10 -5 0 5 15 :
RF Phase [deg] 20 mm-mrad

=

5 0 5
RF Phase [deg]




< A 138 : Phase 1 BEEMES R DFE
Bunch compression at Al unit

« To mitigate space charge effect, bunch length is compressed from
30 ps to 10 ps.

Streak\

Camera

Chicane




