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A) Charge, lifetime, and luminosity T i & lifeti
uminosity iretime

The luminosity can be written in terms of specific luminosity as:
£ = NNy N_f2Lop (1)

where N1, Ny, fo are the particles/bunch, bunches/ring, and the revolution
frequency, respectively. At the equilibrium, N4 must balance with the injector
currents /[4in; as:

eNENefo= ki, (2)

where 7o and e4 are the lifetimes and the injection efficiencies of e* beams.
Then the luminosity is expressed as

eV e %Lsp . (3)

Date | 85 | Np | 7 | 7— L, Ly
2020 | mm sec | sec | 1/ubs/mA? | s/nb/mA?
6/21 Ii 978 | 588 | 1500 53.4 48.2

6/25 | 0.8 | 978 | 588 | 1122 66.8 45.1

6/29 | 0.8 | 395 | 588 | 1068 08.9 93.0
6/29 | 0.8 | 789 | 588 | 1320 65.0 63.9

6/30 | 0.8 | 1565 | 660 | 1860 76.4 53.1
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A) Charge, lifetime, and luminosity

Poor injection rates for the short lite times

Especially for HER, once injected upto high current, the HER injection could not catch up
after LER current becomes higher.
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B) Layout of LINAC, BT, Injection to MR

e- beam directly injects into HER:
The injeciton BG is directly affected by
the condition of RF-gun, LINAC, and BT.

e+ beam injects into LER via DR:
The injection BG is not affected very
much by the condition upstream the DR.
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Layout of LINAC, BT, Background(BG) monitors in MR

e- beam directly injects into HER
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Summary of injection (last 3 weeks)
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2. Quality of Injection beam

15.Jul.2020 MAC2020

A) Measured emittance and Injection

B) Improvements of e+ BT
1. Horizontal emittance
2. Vertical emittance
3. Tuning of energy spread

C) Emittance explosion in e- BT



Trend graphs of measured emittance with wire scanners (e-)
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Trend graphs of measured emittance with wire scanners (e+)
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Phase3.?

By*=1.2mm By*=1.0mm

A 4
y 3

The injection efficiency
gradually increased.

The background
decreased.
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The injection efficiency increased as emittance decreased by tuning.

Phase3.?

These efficiencies are the values at the low current beam in the HER.
— The effect of lifetime can be neglected.
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Vertical emittance vs. HER Injection efficiency

This injection efficiency

is an arbitrary unit.
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LER  When the vertical emittance was improved,
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B) Improvements of emittance growth in e+ BT

1. Horizontal emittance
« Residual dispersion at the acceleration for the ECS

2. Vertical emittance
« Abnormal skew magnetic field from bends

3. Tuning of energy spread

15.Jul.2020 MAC2020
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1. Horizontal emittance Emittance presevation_20190709_Seimiya@previous MAC

Residual Dispersion in the BT line

« One of the causes of increased emittance is dispersion leakages.
« The dispersions have been corrected for each BT arc one by one.
« After that the dispersion of the BTs overall were measured by changing the beam energy.
« For e- line, the dispersion leak is almost good.

« Non-negligible residual dispersion is still observed especially in e+ BT..

Y. Seimiya
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1. Horizontal emittance Emittance presevation_20190709_Seimiya@previous MAC

Residual dispersion at the acceleration structure for a
compression system induces emittance growth

« When the beam with dispersion is accelerated by RF cavity, no converts to
betatron oscillation and causes emittance growth.

ECS: chicane + acceleration tube

H H Non-zero dispersion
M. Kikuchi | __ | /. 1
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Cavity o o} 4 2
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) ) o o
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The dispersion leaks at the ECS cavity.
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This is an analogue of the synchro-beta excitation 1_5§
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1. Horizontal emittance Emittance presevation_20190709_Seimiya@previous MAC

Residual dispersion at the acceleration structure for a

compression system induces emittance growth
 The bending magnets used in the ECS have multipole components

by the measurements in the figure below.

« Passing through the design orbit in the bends, the beam feels B’ field,
which results in dispersion leakage.
« By moving the bends about 10mm, the small area of B" can be passed.

T. Mori BLKY) / This can explaine the measured dispersion leak.
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1. Horizontal emitt
orizontal emittance nx = 0.50 m @Acc. nx =0.15 m @Acc.
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The horizontal dispersion has been improved by moving ECS bends.

—e—e+ (28/Jun) —e—e+ (28/Jun)
—e— e+ ECS moved (29/0ct) 1nC —e— e+ ECS moved (29/0ct)
——Phase3 final target 1..,._—-—'Phas_e3 final targe
aeeE N
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DR 3 5 BTl BT2 DR 3 5 BT1 BT2 [

Remained big problem is a large vertical emittance.

21 O
15.Jul.2020 MAC2020 This is considered to come from abnormal vertical dispersions.(by M. Kikuchi)



2. Vertical emittance

Abnormal skew magnetic field from bends

dispérsions

EX, EY(m)

(Measured) _

2F

1-§;:

~ 1F

. . 8
dispersions &z "°F

. | o
(Measured-Design) o of
a —1%—

St
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2. Vertical emittance

Simulation

1

The energy of the e+ beam has increased to 4 GeV.

The gap of bends in the Arc3 had been narrowed asymmetrically.

This created an unusual skew component in bends.

However, this can only explain about one-third of the measured skew quad
components.

Anyway, tried to correct it.

M. Kikuchi e+ beam
l; 12F T T T T T T T T ll -
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3 aye® e E . . .
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R 1 ' | L ! ! | * - .
T ! ! ! ' ' TIETTETY caleulated vertical di o by th calculation are
’ o e *
oF 9000 000000000 0 0 0 5 0 ° § S00000000m Semeneets” @ .. '. . E alcu ate Vertlca lSDerSlon y t € gOOd agreement !
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The vertical dispersion could be corrected with the skew |
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quads with permanent magnets.
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2. Vertical emittance
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2. Vertical emittance

11 of 16 skew quads were installed.

permanent magnets
(Black blocks)

/
/ N\
[ ) ]
N, \/;
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2. Vertical emittance

NMeasured Dispersion

Y. Seimiya
(D Before installation of skew quads (@ After installation of skew quads
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—e— e+ (28/Jun) —e—e+ (28/Jun)
—e— e+ ECS moved (29/0ct) —e— e+ ECS moved (29/0ct)
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600[———Phase3.3 target | | ——Phase3.3 target '
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DR 3 5 BTl BT2 DR 3 5 BTl BT2 —~
. o : : 26
Remaining skew quads will improve the vertical emittance further.
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3. Tuning of energy spread



3. Tuning of energy spread A(I) of Sector3-b: +9deg Ad) of Sector3-5: Odeg FCS: Chicane+Acc

End of
Sectorb — Q

Screen monitor

Center of Chicane

The emittances in the BT becomes
large when the energy spread is
et BT large in the ECS.
' ’ It may be caused by the residual
= ' | _—— dispersion leak from the chicane

which should be closed.
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o

Large emittance in BT Small emittance in BT
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3. Tuning of energy spread
Belle BG depends on the situation of the LER.

A¢ of Sector3-5: +9deg
A¢ of Sector3—5: Odeg
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- . . —+—e- RF gun(Phase2) —e—e- RF gun(Phase2)
| —+—e- RF gun(Phase3.1(27/Jun)) —+—e- RF gun(Phase3.1(27/Jun))
C> | | I |tta n Ce eX p ‘ O S | O n e- RF gun(Phase3.2(4/Dec)) e- RF gun(Phase3.2(4/Dec))
e —+—e- RF gun(Phase3.3(5/Mar)) —+—e- RF gun(Phase3.3(5/Mar))
—e—eo- RF gun(Phase3 3(3/Apr}) |—e—o- RF m;n(Ph.aqo3'3(3{Apr!)
a - : pha5e33 tarfget H 700:_—'—‘Ph35933target .......... | —
I - Phase3 final targe C - Phase3 final target
| n e — BT ‘ | n e 00— Phssf ________ lt ______ g et | o0 Phase? Tinal tor g ________ I _________
T i
] ] ] B . 3 400 .......... .......... .......... _____ f{i ......... .
1. Dispersion and orbit jitter emittance: X 1/
. Measurements have beel’] performed >-20@__ ....... .......... W j ......... _:‘:?g/ ........ __________
- Jitter of power supplies ? Y . o e, S s
. PP I I I I M
2. Intensity dependence: 270 7 46 8 -
« Not yet done. e
« Small for e+ (10%for 0.9/1.2nC, T. Mori). CEa 3 -
. — 230 -
3.  Multipole components of bends: AN /%_:
* Not yet done. / % 210f \%““\P/"}/ ]
« For e+ changing orbit in the bends did not affect the emittance. S 20 | E
4.  Multipole components of quads ? ction = 5tker g nend [

« A simulation with multipole components tells that the horizontal emittance is
doubled with energy spread of 0.3%. However only 15% increase in vertical.

« Measurements are to be done.  Emittance v.s. energy spread
: : - __ M. Kikuchi
5. Abnormal quads in the line ? (. Banas
« Making bumps to find out the quads. o ]
6. The source of emittance explosion is still mystery. < '} N
. —" C 9))
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Vleasurements in e-

RMS 1,@BT1 = 0.19 m
RMS 1,@BT1 = 0.02 m

15.Jul.2020 MAC2020

I
|Disp§rsion in BT Jun. 17t

I I:].-_I : : I:FI s

i T I S Vi S
. AT A
o TR =L
- —"" L]
x ) :i:

line

Position

jitter
X,y
(um)
Jitter
emittance
X,y

Nx@BT2 = -0.07 m
Ny@BT2 = -0.09 m

Jitter in e- BT is already large in both X and Y

at the entrance of BT, which is also mystery.

o | Y. SelTHya
Orbit jitter LINAC | BT I\/Iay 11

£;x@BT1 = 86 pum
£jy@BT1 = 88 um

i -’g "W"l--
'@illllléﬂwﬁ --w-,
S

£ @BT2 = 97
£;,@BT2 = 933pn




Measurements in e+ line V. Seimiya

Jitter in e+ BT is small thanks to the DR.

Dlspelrsmn I J.u.n,' |3rld ] Orbit jitter LlNACI BT Jun. 3
4 ] Position ¥ f T T~~~ T " " T~ " T~ T T
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e b ] m)
2 oE 11j| mfi '| .
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5 ] aj
5 il
T 100 . 200 300 100 jn BT? I

RMS nX@BTl 0.05 m nx@wsz ~-0.09 m €jx@BT1 = 6 um €jx@BT2 = 27 im ,\
RMS 1,@BT1=0.01m ™My@WS2=-0.07m €jy@BT1 = 4 um gjy@BT2 = 16 um
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Emittance explosion in

"{Ex (pm) in BTe X

vex (um) in BTp X
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BTpl

e Measured by WS

e Emittance due to Jitter

— Emittance due to BPM res.
— Emittance due to o

(invisibly small)

50 100 150 200 250 300 350

BTel

Y€y (Um) in BTe Y
e

e-Y

% 56 160 156 200 250 300 350

BTel

Same emittance line

of BT2 as BT1

Required emittance
from LER/HER

The horizontal orbit jitter
in the e+ is negligibly
small.

The other jitter emittances
at BT1 is comparable as
measured emittance.

But in BT2, all measured
emittances are larger than
the jitter emittances.

33




Jitter of power supplies
« Bends in the BT line

« The jitter generates only the orbit jitter emittance, which does not explain
the explosion.

e e-: £350ppm(p-p) in max — See backup slides.
e e+: 2100ppm(p-p) in max
« The chamber is made of aluminum.

 Quads in the BT line

e e-/e+ : AK=1e-4 (p-p) in max, but low frequency components are large.
— See backup slides.

* — AB/B~1% . e
Eiitter~10um, assuming 2 mm orbit distortion — small for e-
« Bends in the Jarc

A large fluctuation of £190ppm(p-p) has been observed.
« Chamber is made of SUS.
« This produces =2(H)/=1(V) mm orbits in BT.
« Plan to replace with high-performance power supply (Y. Enomoto).
« Dispersions may be leaked from Jarc through BT.



C) Emittance explosion
ine- Bl line

1. Dispersion and orbit jitter emittance:
« Measurements have been performed.
o Jitter of power supplies ?

2. Intensity dependence:
 Not yet done.

vex (pm)

600

—e— -
—e—e-

e_
—e— -
—e—p-

RF gun(Phase2)

RF gun(Phase3.1(27/Jun))
RF gun(Phase3.2(4/Dec))
RF gun(Phase3.3(5/Mar))

- Phase3.3 target !

RE gun(Phase3 3(3/Apr})

i
L
. — AN S — T —
H H H H H A
IS4
A . A T 4
Y ie=1
o ;ﬁfﬁ;%jiifiunf ........ % ......... ; ..........
A I P B B |
-2 0 2 4 6 8

—e—e-
—e—e-

e_
—e— -
—— (71

RF gun(Phase2)
RF gun(Phase3.1(27/Jun))
RF gun(Phase3.2(4/Dec))
RF gun(Phase3.3(5/Mar))
RE gun(Phase3 . 3(3/Apr))

700 ;_ ....... Pha

600 -_ ....... .........

- Pha

Se33target .......... S

se3 final target

« Small for e+ (10%for 0.9/1.2nC, T. Mori). a1
3. Multipole components of bends: s %

 Not yet done. 2ok \\\P/'%/ E

« For e+ changing orbit in the bends did not affect the emittance. S 20 E
4.  Multipole components of quads: ction = 5tker g nend [

« A simulation with multipole components tells that the horizontal emittance is

doubled with energy spread of 0.3%. However only 15% increase in vertical. . gritance v.s. energy spread

« Measurements are to be done. M. Kikuchi
5. Abnormal quads in the line: 1

 Making bumps to find out the quads. ]

. . . . €/eo [

6. The source of emittance explosion is still mystery. ;
/. A new candidate of the source has been proposed by Kikuchi-san. )
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Emittance Explosion in Electron BT :

A possible explanation

M. Kikuchi, EPTF-meeting, July 17, 2020.

* Emittance at BT2 is roughly the same for
horizontal and vertical plane. *

* Independent on the emittance at BT1. Obstructive material may exist in the beam pipe.

* |nduced emittance due to multiple scattering,
P & *  From Bog =€ and Eq. (1),

2
/80'9 , Where JJ/XO — (19 ~ 67) X 10_4

1 . M prm— Yy
op = 100 V2 (14003821 (1) for 8 =25~ 100 m
Xo X

c
P 0 Note: this is beyond validity of Eq.(1), 1073 < z/Xo < 100

Xo : radiation length For Al, X, =89 mm

; = (17 ~ 60
* Observed emittance, z = ( ) pm

For Polyethylene, Xy =480 mm —

ve = 450 pm € = 32.8 nm
z = (92 ~ 320) pum



3. Injection

A) Mystery of injection tuning

B) 2 bunch injection

C) Correction of Injection kicker for LER
D) Bucket selection test

F) Future plan
« New BT dump mode
e Collimator, Screen monitor
e Synchrotron injection
« Fast kicker for 2 bunch injection



A) Mystery of injection tuning

LER
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For LER, the tuninga are not so large.
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After longer absence than 2-3 hours,

the orbit tuning for HER are always needed. 7\
If the absence is shorter than 30min., the L ]2
tuning is not needed so much. 38




B) 2 bunch injection
Long term dritt of DREXTFaction Orbits s
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72 bunch injection and BG

e+ injection

injection
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2020/06/24 14:03:00 ~ 2020/06/24 14:18:00

DR extraction orbits
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064 08 « The orbit difference between 1st and 2" bunches did

066 not change, while the BG increased 7 times! ZERN

oss  os - 1Hz « There is one more mystery. L 2))

07 i —— o We will try once more in the next run. 7
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Orbit drift for 1 week

The 1st BPM of LINAC after the DR

Y X I Li6M:SP_DC_4_1XSNGLKBP:10S [l L'iBM:SP_DC_4_1:YSNGLKBP:10S
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F. Miyahara

045
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An anticorrelation between X and Y is observed. |
The source has not been identified. D)
15Jul2020 MAC2020 - We have a plan to work the continuous orbit correction in DR as well as MR. 42



C) Correction of X-Y coupling between injection kickers in the LER

There was a vertical oscillation in the LER just after injection, causing luminosity reduction and the BG.

i - BG timing i i iniecti S. Terui,
S. Uehara June 2nd: BG timing is changed. Outside of injection veto.

daglV
" [---”"T'
1) 'JJ

T R
™ P o]

rhitrary)

nasity (a

mi

Luminasity (arbitrary)

P ~ " The detail will be talked
T. Koga by Morita-san.

ch oscillation recorder(BOR)

bucket position (ns) Time {100turn=1.006ms)

« The vertical oscillation around the injected bunch has been observed with a
(S. Terui, M. Tobiyama).
« |f there is a vertical offset at the interaction point due to X-Y coupling in the injection = bump,

« the skew quadrupole component k1l is 1.41 x 10-*(25,, M. Kikuchi).
« A skew quadrupole made of permanent magnets is installed near the injection point.(S. Terui, et al.)

« The skew quadrupole consists of doublet quads whose strength is adjusted by rotating opposite direction to
change the skew quad component but not to affect the quad.(K. Oide)

.A

T. Mimashi

9.53mT /
|
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It happened ~30 minutes after change 12.5Hz->23hz. T. Mimashi, et al.



W/ o the magnet

Luminosity decrease nearby the LER injection bunches (for 1.0 us)

June 25, 2020 : 08:549
1 A1 1 1 AL
75 100 125 150 175 200
Time (LO00turn = 1.006mMms)

-June 2nd: BG timing is changed. Outside of injection veto.

It happened "30 mlnutes after change 12.5Hz->23hz.

aming 272 <150)Hz. 10 8(<11)ms

o

el [T R R Py
S. Uehara | J‘,Nkﬂr‘lu«mﬂﬂl Iuﬂ"“l,l'-"‘f 1= Jlen |

wWith the magnet (1) -2 /9|
June 26, 2020 : 13:19

150 17S Z00 25 250 275 00

Time (1L00turn = 1.006mMms)

skewQ -32mm

LER: 1(<200)Hz,0.0(< 9)ms

ECL 100evers

soo E- With the magnet(2) —-3/9)|

f’sx S June 26, 2020 : 14:27 by
I o I R S P T T e
S0 75 o0 25 S0 75 200 225 =250 o et b
[
Time (100turn — 1.006ms) L

e The vertical oscillation became smaller.

« The dead time of luminosity can be shorter.
(LER: 3.5—2.0%, HER: 1.5%)

« The residue is suspected to be an electric field

B’'L=0.043T(max) of the kicker.(K. Oide)

(The permanent magnet:
B'L=0.021T)

15.Jul.2020 MAC2020

In this summer shutdown, an electromagnetic skew
quad will be installed mstead of the permanent magnet. L
(M. Masuzawa, et al.) s
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D) Study of a new bucket selection scheme

The new bucket selection scheme implements the RF phase-shifting in the LINAC 3-5 sectors to
suppress the waiting time for the bucket-matching.

The RF phase-shifting causes the timing difference between the timing-trigger and the beam pulse, At.
It becomes at most *1.6ns.

Its influences could be certainly confirmed in the LINAC/BT study on Feb 7th,

H. Kaji

. 0.1
& =
£ “E  Note, At=0 corresponds to ~7 ns. Before ECS, ny = 1.67832 m
— oME EM 2 =
002 ‘@’;{H WH{@ & =
<I-| of > 0 - E
O wf P N
N ‘ 5 E
o esE red: measurement N
g o @ blue dash: expectation n CFE black: fitting, 0.0252 +0.0062 (%/ns)
I e e e L Q) f blue dash: expectation, 0.023 (%/rrs)
DR extraction kicker timing (ns) X
AT (ns)
LER injection pulse HER injection pulse After ECS, Nx = 2.83244 m
2000[2.— Ijl RMS: DW RMS: —~ °E
1o0of 0.0185% 2onof- 0.0164% E sE
£ r \‘E/ 4;_
L = [ I ] - ] 1"1 |
X T
zg_ 0.0035+0.0042 (%/ns
@ st 0.0077 (%/ns) -
The energy fluctuation induced by the new bucket selection is AT (HS)

smaller than the existing fluctuation shown above.



-) Future plan

« New BT dump mode — by winter

* Since now the e- BT dump block is located downstream of the wire scanner(WS) at
BT2, emittance measurement cannot be done in the BT dump mode.

 Itis planned that a beam shutter is installed downstream of the WS for another dump.
(T. Mori, et al.)

e Screen monitor improvement — this summer
« Replace some screen monitors with OTR to degitize beam sizes. (T. Mori, et al.)

« To measure emittances between Arcl to Arcd is very important to explore the
emittance explosion.

« Collimator installation — by winter

|t will cut the long tail of energy spread of e- beam, which reduces the injection BG of
R and protects to inject beams with abnormal energy. (T. Mori)

e Closing ECS dispersioin

* |Install quads with permanent magnets. There is a space issue.
e Synchrotron injection — in this autumn run ?

e Fast pulsed steering magnets in Jarc and BT for 2 bunch injection
« — 2-3 years later (T. Kamitani, Y. Enomoto, et al.) B
2020/7/15 46



4. Summary

 The injection beam with lower emittance and higher charge
is essential for higher luminosity.

« The explosion of e- emittance is the biggest problem.
« Orbit jitters do not explain the explosion.
 The new candicate from Kikuchi-san is so plausible.

 The e+ emittance has a room to improve.
« Close the dispersion at the exit of the ECS chicane

« 2bunch injection of e+ will be indispensable in the next run.

15.Jul.2020 MAC2020

47



Backup slides



Beam size measured with BT Collimator and BPM
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Beam size measured with BT Collimator and BPM

Collimator H Collimator V
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Why are the results of Wire scanner and Collimator different ? o

15.Jul.2020 MAC2020



Accuracy_x (mm)
@ @

Accuracy_y (mm)

(<]

3-BPM betore and aftter BPM improvements

Accuracy at BTendFB

BTend FB

[<)

[<]

[<)

(<]

(<]

[<)

(<]

5¢ T T T | MR | BRI " T
af =
E e ]
: . ]
3F o ° E
25 ® . o® . ° . .o ]
— e o -]
g ..... i o0 ° e ° ... ¢ ... si.. ......... * g
1= ® >
BE }::{ :%: :{:::i ——— :I: {
4F =
13 . E
E 00g ® o °
2'_ b4 [ ] og -
E My .. ° *eoe’ ° .....O.. o® .o..%“'.' o’
1 =
05....|....|....|....|....|....|....|....|....|..—

350 400 450 500 550 600 650 7060 750

|||| |||| el g |1|]|u|uu|||[h m qﬂqﬂqﬂ%'h“mﬂqﬂqﬂm
|“""Ih[i]].]]||||||||l’ ||1|||1”ﬂ|ﬂ“|| |*]ﬂ|]|||

O’I/I/JOW’I/X/X.OCO [ I R T S I B N ¥ W V0 VU W T VT W VATA AR O WA VA VAN O

M W 0 0D 0D 0N OUUUUUUUUUUD U000 U U000 00T 0 U0 OO
CI:DWD D00 00 0O OO LTI D
TR OO $X333357 3?5?5?5?ﬁﬁmu.u.%ﬁ
o o _U_L
Bk ODIIOD GG AR UG i

B Fie Edit Window

200 u m—100 um

T. Mori, M. Kikuchi

BTen

2020-02-18 18:28:

F

B

12 Help «

0.5p T T o T T T T T
£0.4F =
%0.3F =
> ]
20'2:_ o ° E
= o 0,0 o [ . :
20.1:_ = o 0 0 e ®e® LB . ..o.. ..’0 .... ™ ............l —

aFe . . ® 0y

0.\1: T L I T LI S I T T T T I T T T T I T T L I T 1 T 1 I ™ T T I T T T T ™ T T I T 1:
£ 0.4F =
>0.3F =
& C ]
EO'Z: ° L =

: o ]
30 1 000 0% 0e® LR ..p. °, ee®e °8® B
: - o wieee o getg00® 4 ."“.. q°® -
ol 1 L 1 1 .
350 400 450 500 550 600 650 7( 0 750
|||l |||||||11H h “h
mwl"l"H“I"h BRERERERIUUUUILLL il
(/)(/I/X/I/)UI/I/I/.VI/X/X/J(D DWWWW W A1
VOUUUL VUUUUUUDD W DD DD DD UUUUUUUUUIDUUUUUU DU UUUUUUD U OoUg0
SQ00O000000000 0000000 hsass)
S e %% T %% %5 IEEE e OO
OTQ Qo T JUUJUUUU T TOUTIOTO)T L
RS ADOODODSD (i RS IR G UGN N i
A e A A T S L oy AL -

BPM Orbit Analysis for Bffp and BTe on localhost:24.0

BPM of LINAC

B ]

Measured by Y. Ohnishi



1st bunch

@ OE= 0.03% Electron BT Line 2020/06/25 18:45:00

s 15 T ‘ ™
< 10F e A \VA & y =
= - 7 E -3 _—

&k : ; ; : : : " ; i g5 OX1E
::25 - : T — QMD1eE

mizmomcimm oo o s o m o oo o o o o o o o e o o =o0.8 —— 9 oue

- -2F {1 Boo0.4 —— 10 QXD3E

-4 ! L ! ! : ! L ! ! v}

e S — ) S I L S Coe.2 ——— 11 QXF4E
B 3 < 9 ——— 3 OXF6E
Sh : ! : | |

o;é- | L ! I ! ! i ! I 3 E 0.8
mﬂ;ﬂa 1 2 _'5 5 6 7 3 g ot T T D ERSEES ¢ S, pUBYAL ga oh—0.6 4 QWDE.1

% v oy v vilviliv ¥y v W "> ; ; i ———— 5 QWDE.2

100 150 200 250 300 350 400 450 ©—0.4 ! : i ——— 6 QWDE.3
A - o], & ok ; L 1 =
OCDWOOOOOOOOOQQQ% 2 2 2 2 2 2 299999899 99995053 2229929999 = . : :
Moo ND No 5 3 = Tl Mg 1) b lvalehil B4 '_‘0.8_ ‘ : I
R R ARBTRAAR ST B T M M R A NSRS mRARm REdmane | >o6 7 BHIE.1
N ’ ——— 12 BHIE.7
Gold = 2020 6 3 20:32:32.71.dat /196h:14m:22s SPAMD10E M: .86 (nC), - 0.4 — 13 BH1E.14
o 0.2 | 14 BHIE.19
& 8E= 0.01% < ¢ )

i)
= 1
519- — H H H H
;;: 2nd bunch S0 BE— L o e e o ——— 2 BH2E.1
<o o ©-6 3 : —— 15 BH2E.8
.2 v 0.4 N . I (1 S— ‘ ———— 20 BH3E.4
= 2 ~
T2 QO.2EH- - - i
e [ .

x;é < ?

4 =>0.8

i; 0.6 —— 21 oMp1E.3
-2 . Vo 4 —— 22 QMFTE
%9 - ¥ =%

Ae.'s: T 1 t T T 1 T T T 3 0.2

1 1 7,8

-2F . . . . . . ‘ L T T T T o o o
e + : —— ZoTeE—, | | —— 23 SE1

e % v v ST T ] v W v S o R -

0 100 150 200 250 450 '5“9-% AR L
oo

9Me"e® 12N 15

C(D(IDOOO OOOOOOQ QQ% g g 2 % % g ggOgOOOOO o0 OOOOO DO 2 g
FeRpTomononoR 5 % 3 % 3 1 oononono 5% 6/30/2020 7/1
m MMmmmmm ITIrnT T g g g g m mmmmmmme E=

Gold = 2020 6 3 20:32:32.71.dat /196h:14m:37s SPAMD10E M:.84 (nC), Transmission = 89.3 (%)



QE%E
U @
[« ]
5
;3 ——— QX1E
=
218 — QMF3E
— QMD1eE
1
0.8 ——— 9 QXIE
0 —0.6 — 1 QXD2E
P®0.4 ——— 10 QXD3E
0.2 ——— 11 QXF4E
< g ——— 3 QXF6E
0.8
= o6 ——— 4 QWDE.1
D Ve
=>4 — 5 QWDE.2
£76.2 —— 6 QWDE.3
n 0
1
;g'g — 7 BHIE.1
= ——— 12 BHIE.7
=0.4 13 BHIE.14
£o.2 — 14 BHIE.19
0
1
=.0.8 ——— 2 BH2E.1
@6 — 15 BH2E.8
' 0.4 20 BH3E.4
o~
vo.2
< 9
>0.8
0.6 21 QMD1E.3
Ee.4 22 QMFTE
30.2
0
m 1 1 1 1 1 1 1 1 1 1 1
0.8
0.6 :
ag.4
‘=0, 2 -
= 0 e s s s s s s .~ s S f Vll r— - I S s s T -
o"e™e® 12" 1 18" 21/ oM™ 3N 6" oh
6/26/2020 6/27

15.Jul.2020 MAC2020

Rep
QInCl Rate[Hz]

[elololo]l

9"gmes 12N
6/28/2020

6/29

3 SN 9 0 01 SRS o /A1 PO o B PO 1 1 1 gl ) | —— ox1E
1 QMF3E
9 —— QMD16E
;0.8 — 9 OX1E
0 —0.6 ——— 1 QXD2E
B®o0.4 ——— 10 QXD3E
2o.2 ——— 11 QXF4E
< g ——— 3 QXF6E
£ 0.8
350 e
©—0.4 :
= ——— 6 QUWDE.3
s 0.2 Q
0 0
1
Eg'g ——— 7 BHIE.1
0.4 ——— 12 BHIE.7
30'2 ——— 13 BH1E.14
R ——— 14 BHIE.19
1
P s s ——— 2 BH2E.1
m0-6 ——— 15 BH2E.8
00— e e 20 BH3E.4
(a I —
vo.
=T
o e i B i
Y =] O O S SOOI SOOI S S —— 21 QMDIE.3
Qo.aE— i —— 22 QMF7E
[= 8
oo.
-
w)
=
8
'z
|5

53




6E- 003% Electron BT Line

% = : 2020/06/25 18:45:00 »
< 10F ; RTAVA 7 7N : 2
E st SN -~ PAYAW - ) . A s 2 : i i — OX1E
& o . | h —— QMF3E
<3 p— ; J..LIMLHUJ.UJILILJLI""uJLJd!_J__.L.L-'LL_LﬂlLLUJﬂU,_LU —— QMDI1eE
< OF i ;
ng . : ——— 9 QXIE
= 23E E —— 1 QXD2E
T | R - A W W - - S T Il —— 10 oxp3E
mﬂa- 1 T . T t T T 1L L I| t T —— 11 QXF4E
E ::WMWM E = — 3 OXF6E
~-2f = 3 E : : —
-4 T T ! - Ll e . I e - 0.8 ; 3 :
| s - i - ' ey et T - S R ST | NN 1 S| B | | 4 QUIDE. 1
0 g t - - T f - = = 3 ——— 5 QWDE.2
58:2_ Z & 0.2E e IR - —— 6 QWDE.3
a_leéé- m 1 1 ] 1 l/_\ 1 1 E v 0; | = hi ll o -:i“‘
=% / \ + g 7 i3 g t T T \ D EASE a1 pravay @ 15 : : I : T : — — : I
‘ ¥oovoy /vé v o\ e A 4 e | S e s o B . S 7 BHIE.1
150 200 250 T S o e o S |~ 12 BHIE.7
| L I - [ J——13 BH1E.14
i ! i | i lkqﬂﬂ]mmﬂ]mﬁ T e 1 o | L e ,—,,SY$.M!St€t H i |14 BHiE.9
< 0 :
2222¢2¢% 999999999 2E | I |
EEREEL oo ;
T8 8 o o M = J ——— 2 BH2E.1
Gold = 2020 6 3 20:32:32.71.dat /196h:14m22s SPQMD10E M: .86 (nC), Transmission = 100.1 (%) e CCEL T R, L s | —— 15 BH2E.8
BT e T | — 20 BH3E.4
Arc2-3 2
ArcQ =
=>0.86— i S
= 00 | USSR S SR WU S S S - ——— 21 QMDIE.3
o ‘ ‘ : ——— 22 QMFTE
o
8182l b
. . o
The LM signal has correlation between ArcO and Arc2-3.7, e g g — e
i i - Fo— P
So, the Loss is considered due to the energy spread. L T T

oho"es 6/25 6/26  6/27 6/28 6/29  6/30
6/24/2020

15.Jul.2020 MAC2020 54



N

No big orbit distortion around the June 26.
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BTeBPM:QBF1E_S_1:XPOS_1Hz
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BTeBPM:QTF1E M 1:XPOS_1Hz
BTeBPM:QTF3E M 1:XPOS_1Hz

AddAl | Add Delete

BT/BTBPM/BTeBPM: QBD2E_M 1:XPOS_
BT/BTBPM/BTeBPM: QBF1E_S_ 1:XPOS_
BT/BTBPM/BTeBPM: OQBF3E_S_1:XPOS_
BT/BTBPM/BTeBPM: QCD2E_M 1:XPOS_
BT/BTBPM/BTeBPM:QCF1E_S_1:XPOS_
BT/BTBPM/BTeBPM:QCF3E_S_1:XPOS_
BT/BTBPM/BTeBPM:QCF5E_M 1:XPOS_
BT/BTBPM/BTeBPM: QTD2E_M 1:XPOS_
BT /BTBPM/BTeBPM: QTD4E_M 1:XPOS_
BT/BTBPM/BTeBPM:QTF1E_M 1:XPOS_
BT/BTBPM/BTeBPM:QTF3E M 1:XPOS_

Time Range from Begin to End
Begin: ¥ 2020 — M & — D 25 —
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The BG is not so low.
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Jitter due to the PS of Jarc bend is suspicious

2020/3/4 17:45:30 measured Jitter

4

(= I 4
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for 50mA (=190ppm)

[
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~Show
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Orbit distortion to the end of BT

B File Edit Command Window

2020-03-19 22:10:50 Help
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The orbit is getting larger, which is more than 2mm in horizontal in the BT.
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Jitter of PS of BM RO 16 in Jarc

[sc_roo1]
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Jitter of PS of qua

ine+/e- BT

it Mode Window

2020-04-14 19:46:28 He

-
100 = EM_DCCT:HCUR Mode  Window 2020-04-14 19:48:27  He
300 -
200 - w00 S EM _DCCT: HCUR =
‘Ug [ - 300 .
— EM_DCCT: LCUR 200k 7 4
gh3gMps  4Q™ 50™ 10hg™ 10™ 20" 30™ toof -
— EM _DCCT: LCUR
AL 20 gh3gMps 4™ 50™ 10m0m 1om 20™ 30" - BT/BTMagnets —
U.uuLo— : ' i ' ' B —_
B ] 4/14/2020 '/ pattem: “BTe~B7IMON®
— B1P: IMON 0.0035}— — — Browse
r 1 — BOE: TMON
0.0014 B2P_1_2:TMON | A BTePS : BOE: IMON
L ] BTePS:BlE 1_3: IMON
— B3P 1 3:IMON B1E 1_3:IMON BTePS:B1E 4_6: IMON
B i - - E BTePS: BHIAE: IMON
0.0012 BH1AP: IMON 0.003 — B1E_4_6: IMON BTePS:BHIE 11_15: IMON
) | i L u BTePS:BHLE 16_19: IMON
BTePS:EHIE 1 5:IMON
" PR - . — . BH1AE: IMON ==
- BH1BP : TMON BTePS:BHIE 6_10: IMON
B ] BTePS:EH2E 1 5: IMON
0.001 — BH1CP: IMON # — BH1E_11 15:IMON BTePS: BH2E 6 0: IMON
r 1 ETePS:EH3E 1: IMON
BHIP_10_17: IMON BH1E_16_19:IMON BTePS:EH3E 2_5: IMON
B o L o A ] . AddAll ‘ Add ‘ Delete Qe
8E-4 Ao = WP aP el S S A vr A BHI1P_1_9:IMON — BH1E_1_5: IMON —
B - BT/BTMagnets/BETePS: BOE: IMON
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BH2E_1_5: IMON BT/BTMagnets/BTePS: BHIE 11_15: IMON
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- L | — BH2E 6_9:1MON BT/BTMagnets/BTePS: BH1E 1 5: IMON
— BH3P 8 11:TIMON 0.0015 X BT/BTMagnets/BTePS: BH1E 6 10: IMON
BH3E_1:TMON BT/BTMagnets/BTePS: BHZ2E 1 5: IMON

100ppm(p-p)

:I....I....I....I....I....I....I...:I
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End
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- B ‘ Draw | ‘ Save ‘ Load ‘ ‘
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Jitter of PS of quad in e- BT

Some PS have slow drifts.

BM DCCT:LCUR .
B 3 { { ] : - avel T 7 7 3 5 — BM_DCCT:LCUR
L I ' " 3 _BM_DCCT:HCUR ok / [ . } ;
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— QAF5E : KMON
R i L PP ey ' i i | — QMD6E : KMON
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0.0018 0.0012p= " : oot e o QMDSE : KMON
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— QBD2E : KMON bl ; ,
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A , { , | o1b o [ QTD2E : KMON
— QCD4E : KMON Al I gL i) M&]

15.Jul.2020 MAC2U@ <0 » w w AK1=16‘4(p'p)

BT/BTMagnets —

Pattern: [‘BTePs*Q*KMON*

Browse

BTePS: QAD10E : KMON
BTePS : QAD2E : KMON

7|BTePS : QAD4E : KMON

BTePS : QAD6E : KMON
BTePS : QADSE : KMON
BTePS:QAF1E: KMON
BTePS : QAF3E : KMON
BTePS: QAFSE : KMON
BTePS:QAF7E: KMON
BTePS:QAFIE: KMON
BTePS : QBD2E : KMON
BTePS: QBD4E : KMON

AddAll | Add Delete

BT/BTMagnets/BTePS:QAD10E : KMON
BT/BTMagnets/BTePS: QAD2E : KMON
BT/BTMagnets/BTePS:QAD4E : KMON
BT/BTMagnets/BTePS:QAD6E : KMON
BT/BTMagnets/BTePS : QADSE : KMON
BT/BTMagnets/BTePS: QAF1E : KMON
BT/BTMagnets/BTePS:QAF3E: KMON
BT/BTMagnets/BTePS:QAFSE : KMON
BT/BTMagnets/BTePS: QAF7E: KMON
BT/BTMagnets/BTePS: QAFIE : KMON
BT/BTMagnets/BTePS:QBD2E : KMON

BT/BTMagnets/BTePS:QBD4E : KMON

Time Range from Begin to End
Begin: ¥ 2020 - M 5 — D10 —

h8 —m27 — s55

End: Y 2020 — M5 — D11 —

h 8 —m3 — s58 —
Now|

L

Unit: r Palive v Absolute
Scale: ¥ Al 1E-5



Jitter of PS of quad in e- BT

Some PS have slow drifts.
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BTePS

BTePS:
BTePS:
BTePS:
BTePS:
BTePS:

BTePS:
BTePS:

AddAll |
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Add

Delete
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BT/BTMagnets/BTePS:
BT/BTMagnets/BTePS:
BT/BTMagnets/BTePS:
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h8 —m37 —s55 —
Now
Unit: ‘a%ﬁve v Absolute
Scales. w 1E-5



Jitter of PS of quad in e+ BT
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Some PS have slow drifts.
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BT/BTMagnets —

Pattern: .BTDPS'Q'WON'

A Browse \

BTpPS : QAD11P : KMON
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7|BTpPPS : QAD3P : KMON
“|BTpPPS : QADSP : KMON
BTpPS : QAD7P : KMON
BTpPS : QADIP : KMON
BTpPS : QAF10P : KMON
BTpPS : QAF2P : KMON
BTpPS : QAF4P : KMON
BTpPS : QAF6P : KMON
BTpPS : QAF8P : KMON
BTpPS : QBD2P : KMON

AddAll Add | Delete

BT/BTMagnets/BTpPS:QAD11P : KMON
BT/BTMagnets/BTpPS:QAD1P : KMON
BT/BTMagnets/BTpPS:QAD3P : KMON
BT/BTMagnets/BTpPS : QADSP : KMON
BT/BTMagnets/BTpPS: QAD7P : KMON
~| BT/BTMagnets/BTpPS:QADIP : KMON
BT/BTMagnets/BTpPS: QAF10P : KMON
BT/BTMagnets/BTpPS : QAF2P : KMON
BT/BTMagnets/BTpPS:QAF4P : KMON
BT/BTMagnets/BTpPS: QAF6P : KMON
BT/BTMagnets/BTpPS: QAF8P : KMON
BT/BTMagnets/BTpPS : QBD2P : KMON

Time Range from Begin to End

Begin: Y 2020 -~ M 5 — D10 —
h8 —m27 — 555 —

End: Y 2020 - M5 — D11 —
h8 —m3 —s5 —

Now
/ Unit: I~ Relative v Absolute
Scale: ¥ Alp3 1E-5



Jitter of PS of quad in e+ BT

Some PS have slow drifts.
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8E-4 :KMON — QXF1P:KMON AddAll ‘ Add | Delete
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Fstimation of Bucket Selection behavior

H. Kaji

The timing difference, At, affects the pulse components at LINAC.

Following two influences are considerable.

- The x orbit shift is caused by the shifted DR extraction kicker timing.
- The energy shift is caused by the shifted SLED amplifier timing in 3-5 sectors.

Measured by M. Tawada and H. Sugimura

KE2_firstbunch
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DG645 timing

The x orbit of extracted pulsgnf%m DR is slightly
shifted since the kicker angle is changed.

This data are taken when the experts optimize
the kicker timing to the pulse peak.

Measured by M. Satoh and T.

Relation bet. SLED timing and energy gain
measured in March 2019
0.4 L, -
L e = -
0.3 A
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I _/
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Energy gain dev. (%)
-

Beam energy at the LINAC-end is shifted.
Expectation in the linear approximation
around 1st bunch timing is ~0.023%/ns
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Fnergy fluctuation in the injection operations

The injection data in Apr28 — May 6, 2020 are used to determined
the energy fluctuation.

LER injection pulse HER injection pulse

C 2500F
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5 (%) 8 (%)

The energy fluctuation induced by the new Bucket Selection is
smaller than usual fluctuation.

H. Kaji
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