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® Overview of 2021c and 2022ab beam commissioning
® Achievementsin 2021c - 2022b
® Obstacles to luminosity improvement

® Procedure of increasing beam currents and humber of bunches with safe way

® Luminosity performance
® Specific luminosity
® Beam-Beam parameter

® Stability of Machine

® Beam Lifetime and Dynamic Aperture
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Integrated luminosity = Recorded Date Delivered Date

Shift (pb™) 958.1 April 24, swing, 2022 1035.9 April 22, swing, 2022

1 days (fb™) 2.503 April 22, 2022 2.912 June 11, 2022

7 days (fb™) 15.001 April 18 - April 24, 2022  16.599

06/23

April 18 - April 24, 2022



Ring
Emittance
Beam Current
Number of bunches
Bunch current
Horizontal size o\*
Vertical cap sigma 2,*

Vertical size oy*

Betatron tunes v, / vy

Bx* / By*

Piwinski angle

Crab waist ratio

Beam-Beam parameter
<

Specific luminosity

Luminosity

Machine Parameters : 2021c - 2022b

Dec. 23, 2021c June 8, 2022b May 22, 2022b Unit
LER HER LER HER LER HER
4.0 4.6 4.0 4.6 4.0 4.6 nm
1015 797 1321 1099 744 600 mA
1370 2249 1565
0.741 0.582 0.587 0.489 0.475 0.383 mA
17.6 16.6 17.9 16.6 17.9 16.6 um
0.339 0.303 0.250 um *
0.240 0.215 0.177 m *2
44,524 / 46.589 |45.530/43.572 | 44.525/46.589 | 45.532/43.573 |44.525/46.589 | 45.532/43.574
80/1.0 60/1.0 80/1.0 60/1.0 80/0.8 60 /0.8 mm
10.7 12.7 10.7 12.7 10.7 12.7
80 40 80 40 30 40 %
0.0433 0.0315 0.0407 0.0279 0.0309 0.0219
6.45 x 1031 7.21 x 1031 8.74 x 103 cm-2s1/mA?2
3.81 x 1034 4.65 x 1034 2.49 x 1034 cm-2s-!

*1) estimated by luminosity with assuming design bunch length

*2) divide *1 by /2




Q= Achievements until 2022 (1)

® Peak luminosity : 4.65 x 1034 cm-2s1 (4.71 x 1034 cm-2s-1 w/o Belle II data taking and HV OFF)
@ Integrated luminosity : 424 fb1 (491 fb-1)
® Peak currents: 1.46 A (LER) / 1.14 A (HER), 2346 bunches (2-bucket spacing)

® pF:1mm (0.8 mm) << bunch length ~6 mm — proof of the nano-beam scheme

@ Crab waist scheme has been applied (80 % in the LER, 40 % in the HER). — luminosity improvement

® Beam-Beam parameter : 0.035 at 0.7 mA (0.045 at 1.1 mA for small number of bunches as machine
study)

@ Bunch-by-bunch FB tuning (gain, noise reduction) in the HER — luminosity improvements

@ Bunch-by-bunch FB tuning (number of taps) in the LER — suppress single bunch blowup, luminosity
Improvements

@ Chromatic X-Y coupling correction with rotatable sextupoles in the LER — luminosity improvements



Q= Achievements until 2022 (2)

® Long-term drift of QCS magnetic field (beta-beat) <« reduced by new QCS initialization procedure

@ Orbit deviation due to IP knob tuning (beta-beat) «— suppressed with QCS corrector (ZHQC2RP)

@ Increase of positron charge for the LER injection : 3 nC at the end of et beam transport line

® 2-bunch injection for the LER and HER — improve injection efficiency (Bunch equalization is difficult.)
® Adjustment of injection orbit in the HER (septum, kicker) — improve injection efficiency (not enough)

® Leakage orbit from injection kickers < reduced by 60 % with additional inductance for the coils



- What Limits Luminosity Performance ?

Classification Remarks [tems

Al Single-beam causes. Luminosity becomes lower as increasing bunch current. (single-bunch) -1 mode instability

coupled-bunch,
degradation of optics
(linear parameters) due
to beamline deformation

A2 Single-beam causes. Luminosity becomes lower as increasing total current. (multi-bunch)

lattice nonlinearity

B Single-beam causes, but interference of beam-beam interaction makes luminosity lower. (QCS fringe, chromatic
X-Y couplings, etc.)

crab-waist, resonances,
coherent beam-beam
head-tail instability,
parasitic collision

C Pure beam-beam interaction limits luminosity. Beam-Beam limit, etc.




Q= Obstacles to Luminosity Improvement

® Beam blowup in the LER (single beam, non-collision) : "-1 mode instability” (Al)

® Sudden beam loss (both rings, more serious in the LER) — "fireball hypothesis"

® Damage of collimator head and/or QCS quench if large beam loss

® Optics degradation due to beam current dependence of beam orbit (A2)

@ Orbit deviation at strong sextupoles is caused by beam line deformation due to intense SR heating.
® Lower beam-beam parameter: 0.035 at 0.7 mA for physics run (0.045 at 1.1 mA) (B)
® Short beam lifetime (dynamic aperture, physical aperture) : LER 8 min(1.25 A) / HER 25 min(1 A) nb=2346
® Beam related background (optimization of collimators, QCS aperture and IR orbit)
® Beam injection (small physical aperture of injection region, emittance growth in the beam transport line)

® Earthquake : The beam aborts invariably. The e, becomes large in the HER. The optics correction is needed.

® Lower online luminosity monitor during LER injection (Beam backgrounds affect the measured value.)



Q= Executive Summary from the 25th KEKB ARC Report

The most important challenges are:

<
accidental kicker firing

@ Collimation and machine protection strategy, including overcoming the present bunch intensity
limitations due to TMCI — -1 mode instability; developing a strategy for safe beam current

increase; and understanding and avoiding the as yet unexplained sudden large beam losses in the
LER.

® Medium and long-term planning including possible upgrade paths; with an overall plan of
increasing the beam currents, increasing the number of bunches, and lowering g; to maximize the

luminosity.



Q= Accidental Fire of Injection Kicker in LER

® 2021c: We got several accidental fires in the LER at the early commissioning (Oct.28, Oct.30, Nov. 5). There is
no accidental fire after the replacement of thyratrons and further conditioning.

® Before starting 2022a, the thyratrons were rearranged and replaced with new one.

® 2022a: We observed large beam loss in the LER on March 18 due to accidental fire of injection kicker in the LER.
Then, the collimator head of DO6H3 was damaged (broken). The thyratron was replaced and conditioned.

® 2022b: No accidental fire of the injection kickers
@ Accidental fire of injection kicker is caused by a lack of the thyratron conditioning or early failure.
@ If we use a well conditioned thyratron, there will be no accidental fire.

® There is no accidental fire in the HER even though the applied voltage is higher than the LER. The thyratrons in
the HER are well conditioned.

Robust Low-Z (C) head is installed into DO6H3 collimator during LS1. (used as the spoiler)
DO6H1 on the upstream side is moved to the downstream side (D06H4) to collimate beam scattered by DO6H3.
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@_B, No Fatal Accident due to Large Sudden Beam Loss in 2021c

2021c We had sudden beam loss for both rings. BOR(HERPON
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Q== QCS Quench and Collimator Damage due to Sudden Beam Loss in 2022ab
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e We introduced Matsuoka Limit 7, < 0.7 mA to avoid sudden large beam loss
02/27 03/09 03/10 03/29 04/08 04/18 04728 0508 0518 05728 06/07 06/17 Which causes QCS quench and collimator damages as much as possible.
2022 Sydden beam loss becomes a serious problem to increase total beam current.
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Luminosity Performance
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Specific Luminosity

The geometrical "estimated” means g is calculated by the horizontal orbit deviation
luminosity at SLY(strong sextupoles) in HER due to beam-line deformation.
is good.
11
i o o 2021cB;=1mm
: Luminosity drop o 2022abB’=1mm
10 - is too steep. g
- 2022b B, = 0.8 mm
0 2022b B, = 0.8 mm estimated __
9 . |
: 20 % 2 . o 2022bB,= 0.74 mm estimated

Specific luminosity x103! (cm~=2s71/mA?)

b +1p- (MA?)
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Q== Specific Luminosity

® The definition of specific luminosity: ; |

nolpr Iy 5.5

@ It was found that even if the setting is 1 mm, j* can be shifted due to beta-beat caused by a deviation of
the horizontal beam orbit at the strong sextupoles in the local chromaticity correction.

® The orbit deviation is caused by beam line deformation due to intense SR heating.
@ This effect is more significant for the HER rather than the LER.

® Higher specific luminosity for g* = 0.8 mm is obtained at a bunch current product of 0.05 mA?, but the
specific luminosity rapidly decreases around 0.1 mAz2.

® Lsp for g = 0.8 mm is about 20 % higher than 1 mm at 0.05 mA? and decreases to about 12 % at 0.1
mAZ and above.

@ This implies that the corrections of the chromatic X-Y coupling and other parameters are not optimized yet
for g = 0.8 mm which affect beam-beam blowup.

15
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The rotatable sextupoles (6 families for right and left side of IP) are
used to make the first synchro-beta coupling resonance weak
together with the second resonance.

SLYTLPs and SLYTRPs were not used here.

Rotatable sextupoles:
M. Masuzawa, T. Kawamoto et al.
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Beam-Beam Parameter

%
py =1 mm
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HBC = High Bunch current Collision

Beam-Beam parameter has been improved compared to the 2021c run for higher bunch currents.

The chromatic X-Y couplings (r1' and r2') are corrected in the LER.
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@_5, Beam-Beam Interaction

Vertical beam-beam parameter (from luminosity) Vertical beam-beam parameter (incoherent)
T - T % nominal bunch length
+ b T
fy:: — 26Te 7 fy:: — - (_> 7 * Oy1 = 4.6 mm
’y__ _ 27T’Yj: €f() ¢a’;0-2;:: O-y::

o, =9.1 mm

® Lower beam current in the HER tends to cause beam blowup.

® This means that the HER beam size is more easy to blow-up when the beam current of the HER decreases.

® The beam current of the HER is larger than the energy ratio (4 GeV / 7 GeV). [7+1+ <7-1-

® The optimum ratio of LER to HER beam current is 5:4 from luminosity tuning.
® The beam-beam parameter of the LER are larger than that of the HER.
® The current ratio is kept constant for daily operation in principle.

® The beam-beam parameter is sluggish with LER beam currents of around 0.6 ~ 0.8 mA.
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Stability of Machine



Q= Stability of Beam Orbit

Control of beam orbit as well as stability is very important.
The beam orbit cannot be considered in isolation from the beam optics.

BPM gain calibration is performed before optics correction, Quad-BPM (BBA) is sometimes performed if
necessary (after cabling work of BPMs).

Optics correction is scheduled every two weeks (maintenance day) or when we found luminosity degradation.
Magnet initialization is performed every maintenance.

We set the reference orbit, so called "GOLD orbit" when the optics correction is performed. But it is difficult to
adjust a measured orbit to the GOLD orbit in several days after the registration.

® Residual of measured orbit from GOLD orbit is typically 30 um. This is not enough to keep optics stable.
® Beam position at the strong sextupole is important to correct X-Y couplings and vertical dispersions.

® Degradation of consistency, beam-line deformation, change of BPM cable length due to temperature at day and night, etc.
There are many sources to induce orbit fluctuation. Cooling water cycle, all environment as well as earthquake

Moreover, SR becomes intense and the heating might deform the beam-line. Difficulties arise how to treat of the
orbit.

Orbit in the vicinity of the IP is not well understood as well as QCS magnetic field.
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Residual of Measured Orbit from GOLD Orbit in 2022ab
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Beam Lifetime and Dynamic Aperture




Ip (MA)

= Lifetime Evaluations in LER
We tested three different kinds of sextupole settings in the LER. (Original, proposed by Y. Cai, B2) 2021c

Assuming constant gas pressure and beam emittances during the measurements, the fitting out lifetimes (w/ bunch current of 1 mA) are

Optics parameters (I= 50 mA, 1370 bunches)

Lifetime (sec)
(AB/B)y[%] | Any[mm] ey [pm] Exty IP knobs lb = 0.6 mA lb =1 mA : : :
— 1/7 is not a straight line,
.. original 843 + 14 716 £ 7 o :
original 4.2 4.5 ~20 -1.24/3.58 20 Yanha P P it is different between lower
Yunhai 5.3 3.7 ~20 | -1.24/3.66 0 = 61213 96 = 8 and higher than 0.6~0.7 mA.
B2 6.5 7.9 ~20 0.1/1.9 0 1
L1lp S o o | - E:CTIZH_
B o  Original @-0017:— 3 —
1.0f | o Yunhai - ] [) :
%g I 0.0016— o -
0.9 & - 3
I - I . e S [ - s T &b
0.8 | = 0 9014E $ *
Z Tk $ i =T
0-7¢ 5 0.0013F [} R ¢ =
o T [) % t
P 8§ N R B E
>k 0.0011 * % =
041 2 7R 3| S S R =
o3~ 0y b b e :l T T T T e .:
0 100 200 300t (sec)400 500 600 700 9E-4 0.5 0.6 0.7 0.8 5.9 1
Bunch current (mA)
Single bunch current was measured by DCCT. Vertical emittance is uncertain at high bunch current
No information of beam size from XRM. due to beam blowup (-1 mode instability).
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@j Simulation of Dynamic Aperture in the LER

Crab-Waist : 80 % Emittance: ¢, =4 nm/e, =20 pm I, = 0.6 mA without collimator aperture (QCS only)
7wl?2
Original 300 sec @ 1 mA Yunhai B2
/ larger momentum acceptance than original
o Touschek Lifetime: 490.3 sec o Touschek Lifetime: 376.7 sec o Touschek Lifetime: 509.7 sec
A I I IR I LR R R R R R T T T
8.2 min 6.3 min 8.5 min
40— : e _ 40— . | _: a0l ‘ , O
9 3@__ . S ’“'. — < 3@___ ORI S ,.-‘"'-;,‘. e 9 3@__ ’
o 4N o o
S Pl ~ /‘ . S
20— PR — 20 | } R — 20—
10 — - 10 ‘
s w -
i : ' AP | i p’]
oo_m»omlm““fl ":"M ™ ) Wﬁ'.... Lt Lt e )
-30 “20 -10 0 10 20 30 20 30 -30 -20 -10 0 10 20 30
5/05 5/05
all: 11.47 bll: 12.91 al2: 9.53 bl2: 12.87 ( 453.2 sec) all: 9.90 bll: 11.32 al2: 8.71 bl2: 13.43 ( 388.1 sec) all: 10.00 bll: 15.00 al2: 11.31 bl2: 12.73 ( 525.9 sec)
a2l: 9.71 b21: 15.86 a22: 10.82 b22: 14.42 ( 533.9 sec) a2l: 8.30 b2l: 13.02 a22: 9.30 b22: 11.78 ( 365.8 sec) a2l: 9.77 b21: 13.94 a22: 10.57 b22: 13.35 ( 494.5 sec)

The Touschek lifetime is evaluated by an ellipse inscribed in the dynamic aperture (stable region). — too short lifetime

Lifetime (sec)

There are various methods of evaluation and lifetime depends on the method from DA.

lb = 0.6 mA lb=1mA
: : : : : original 843 + 14 /16 =7
Vertical emittance is uncertain at 1 mA bunch current (larger than 20 pm or bunch lengthening). _
Yunhai 825 + 14 662 + 8
B2 761 +13 596 + 8
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LER Beam Lifetime and Vertical Emittance

HER

CGLOPT:EMIT_Y

CH1: CGLOPTEMIT Y —— CH3 BMLDCCT:CURRENT CHZ: CGHOPT:EMIT Y — CH4 BMHDCCT:CURRENT 2021b
[ e — 1T ' T " " T " sl ' Hao UL L LT
: Knb:’l’l74 current : T ne:1174 1174 LER HER
BU-—' . _E?DDCD g0
L ;0 | ver. emittance Ho00= >0
SRR E= E - B x* 80 mm 60 mm
ED_ L w1 60 P ' |_|_| ED_
| “agd " .393 ,_*mug E
- b- *
e : auu::cg % 0 By T mm T mm
_ EDDE O ol
B S S—————— - LFPF S e VESRSTSE
! 29 om :1EIEI-| - I 800 mA 650 mA
ol L F— | : :D 0 - e
hemes m hiqm m hinm m hiqm 13MgMp3 14N 150 h h h
5;12;3%201 30 1410 30 150 30 160 L 18 17 18 Nb 1174 1174
collision smgle beam collision smgle beam b 0.681 mA | 0.545 mA
e, depends on bunch current. £y
. 60 pm 45 pm
collision P &
CHS: COpLERBEAM:LIFE — CH3: BMLDCCT.CURRENT CHE: COeHER:BEAM:LIFE —— CH4: BMHDCCT.CURRENT _8 ’ 25 pm 40 pm
- . single
—\ 1 3 L | | | r
[ SR ITe _ _
Ly 25k '. u F. . 8 min 30 min
o N T 3 collision
= | Litetime a7 o
= 20— = [ - . : :
z =50 . 6 min 32 min
w [ w F. single
m 15 -
e [ o Fu .
of . i Tl 30 min 26 min
o | 8 min o F €+inj: 2.3 NCx 2 x 12.5 Hz x 80 %
o [ Q20F o .
O sf © Imax= 1.5 A for lifetime: 8 min
B " L : ; , |
13hg™ps 3" 140g" 30" 13Mg™Mps 140 15N 16N 17h
G/16/2021 B/16/2021
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Simulation of Dynamic Aperture and Lifetime

Open and close the collimator uniformly from the nominal setting to examine the change in lifetime.

LER
491 A R R R =
490 55—
—_ 4905—5 .
o = ‘
St T “Horizontal~
RS DA ~ PA
"q-; 488_5:._ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
4= :
- 488}
487.55—2
- ._._j «— 200 um
el .|;{ AP P B
-0.5 0 0.5 1 1.5 2
A x (mm) for all horizontal collimators
505 | o ‘ : . g g
0 500/—
0 |
0N
= Vertical
.5 495 DA > PA
a0
490—
A T N B B B
-0.2 0 0.2 0.4 0.6 0.8
Ay (mm) for all vertical collimators

Zero means the nominal setting for the collimators.

T =8 min
(meas. 6 min,
vac. lifetime inc.)

1 The simulation is
1 almost consistent with
1 measurement.
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32@0_ T | I
3000 .l
—
@ )
@ 2800 —
(1) ]
v [ ]
" Vertical
E 2600 [ O p—
- DA < PA
Q
_":' 2400
—
2200 -_ ............... 4-} _____________________________________________________________________________________________________________________________ ]
1 1 I [ 1 1 1 | 1 1 1 r

HER

-2l‘l011121l'4116"8 llOll'
A x (mm) for all horizontal collimators

=52 min

1 (meas. 32 min,
1 vac. lifetime inc.)

‘ Dynamic aperture is
smaller than what
] we expected ?

1 — l-(E).5l — 0] 0.5 1
for all vertical collimators

1.50r machine error ?



No Summary

-1 mode instability K.Ohmi "Impedance issues (BxB FB, etc.)" Dec. 14
Sudden beam loss H. Ikeda "Sudden Beam Loss" Dec. 14
Optics degradation and others H. Sugimoto "Optics issues” Dec. 14
Beam-Beam simulations, "Beam-Beam, comparison of Beam-Beam interaction
. . . D. Zhou . . . . Dec. 14
interference of lattice nonlinear, etc. between simulations and experiments
Collimators T. Ishibashi "Collimator issues” Dec. 14

Issues of beam injection N. Iida "Injection” Dec. 13
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Appendix



2019 a/b 2020 a/b 2021a/b 2022a/b

@ Physics Run @ Machine Tuning © Machine Study ® Physics Run @ Machine Tuning @ Machine Study @ Physics Run @ Machine Tuning @ Machine Study
@ Troubles © Meintenance, Others ® Troubles @ Maintenance, Others ® Troubles @ Maintenance, Others @ Physics Run @ Machine Tuning @ Machine Study
@ Troubles ) Maintenance, Others
2019 c 2020c 2021 c

Operation statistics
2019 -2022

® PhysicsRun @ Machine Tuning @ Machine Study ® Physics Run @ Machine Tuning ® Machine Study @ Physics Run @ Machine Tuning @ Machine Study
@ Troubles @ Maintenance, Others @ Troubles (» Maintenance, Others @ Troubles @ Maintenance, Others



Q== Vertical Beam Size at IP

* % AS2 S Ex % * * % %
0i? = pley (ﬁy | 5 > + (nS0s5)° + E(TQ + 15 As)? + .85 (r + r5As)?
Y x
S >|< Ex S * sk
— :u2€y6y T (nyO-CS)Q + §r22 T 8£Eﬁa:r12
normal coorcinate hysical coordinate
(decoupled coordinate) PRy
U Nu w0 —rg 1 X
Pu 4+ Mp., 5 — 0 % T3 —T1 Px
v Ty ry T2 % 0 Y
Do Mp.y rg r4 0 H Py
Nu w0 —rg 1o N
Mp. | _ 0 p mm - Tlp.
uw, rys T2 2! 0 Ty
Mp., r3 T4 0 1 Mp,,

Vertical emittance, vertical dispersion, coupling parameters r1 and r; at the IP are fundamental parameters for luminosity performance.
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Beam-Beam Parameters

single beam
2022ab py =1 mm emittance
0 _ Vertical beam-beam parameter
LER &, . incoherent Ey— = 40 pm P
* LERE, | §
HER &,_ incoherent 0 f L 267“ y::L
* HERE,_ &y =25 pm Y=+ e il
. Vertical beam-beam parameter (incoherent)
o
| | > A e Ib: Y= Z:I:
' e . P ! . 58 fy:: — o * X Ib:F —
_ & B Bezam—Beazm parameter- Here, the nominal bunch length is used.
‘ appears to be saturated o, = 4.6 mm
~ at 0.6 mA. | Bunch lengthening is important parameter.
N | o, =5.1mm
oo b e b b e by b e by
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
b+ (MA)



; (um)

2

; (um)

o)

(um)

*

Oy

Beam Size in 2021c

2021cC 2021cC
0.5
estimate by L | o LER (XRM)
0.4+ - estimated by XRM >~ 0.30F . HER (XRM) 2021c HBC
9“’ “ i \ o:
0.3_ ) oo ” - %)
P 2 & = Ll —~ 0.25F O§O
0.2 § E o
014 | | | 1 | | *b>~ 0-20__ i’_ ‘&
0.3F © LER(XRM) o 0.15- »
E - HER (XRM) o o :
: F éggg b 0.10Le L A L L
0.2F # £ _ >3 :
R ; C "
5
N ’ 22_ ‘* : . :
0.1 L -l - : ARy, LER vy
i £ | € i SR S ‘ i
22 ) e 3 20 .k % L "‘ .
. M : *x o 19F bR s it « 6.0 nm < 4.5 nm
I3 o &Ml ° “ §
xR e 3 ol # =
18_ 3) :
IR B T 17k R 5 2021c HBC L36nm
le4———— v v v 1 b 1 s e b s 1 s R A R | . L 1111111 o000 0000y L ov000 s
0.1 0.2 0.3 0.4 0.5 0.6 0.7 ‘0.8 185 0.4 0.6 0.8 1.0 ‘ 1.2
1. 1_ (MmA2) : l+,1— (MA)
lower v, In the LER i lower v, in the LER
bunch current product bunch current
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Location of Movable Collimators

Collimators and Radiation Dose (measured on June 22, 2022) measured by Radiation Safety Group
308 | I S T A B . SR S
SBELER ¢ WHER
> < % ”“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
] c% 10 |L 777777777 TR N T I o
L 5 GE'J ‘;\,/r‘ Egum,af,tu,ffmﬂﬁu:mhvrwmuﬁw*hwMpuu':"} Wa’m%or;fm uﬂw}d:h“ wiw.m mﬁwm@mmmw E
- - ! | § | || |'|I I )
4 LU e
- - - i .' JuL f Wb P
s e G MYV VRV i
-1000f ‘ ’ | ] ]
= 4000F | | | e 4 =290 e e PR i
§ 3000t e q um | 5023 - [N TN R O | S S DOZRT 1
e Ty .D,&ﬁz.m,;i;a,bii?;,ﬂ. b Sk DI2VALRY T
0 1000F - e e e S R | e e . N — S |\
o - : 1 3 1 : : ¥ E ‘ ‘ : ‘ ‘ : ‘ E ‘ 3 ‘ 3 —————— R — ? —————————————— S - E
10087

800 1200 140

AR

=

OF- S A\ -- . - y ; i p i -
1600 2000 2200 2400 2600 280@ 3000
R T A TR AT L. | S| AT AL T R |.-\|||II|

= o o v o ) v o o T ;v T 1O TOn 1mog e = o OTOg 44 e v
= z Z = Z = = Z Z= Z= = T % z T I TiZ = z z T T Z = Z &
M ", - -] - — -] - L L - (LU L D oo e - — D i ] - m
'S = = = = 2 = = g e S oD O S it - = e R e e R R = = 3
_i [y o [y o [N (N Mrar-2 reaea MJ bl el r-J -2 ry-J 2 eyl M (W] O X0 o o (W] o _|
— T I < < T < ITT =T =T JIT 1T T =<, L =L T L < <. L-=L T T < < —
'S = %) — r3 = — Sy R ) L=y — B R Y T RN — I oo M — ra — O
Injection e+ IP Injection
Point Point
DO6H3 damaged D02H3 is 17 m downstream of D0O2V1
due to accidental fire of which is damaged on March 11.

injection kicker on March 18 o o _ _ _ _ _
The radiation dose at the injection point is very high in HER.

The bottom jaw of DO6V1 was opened from the usual setting due to
damage of the collimator head. In stead of D0O6V1, DO6V2 was used to
protect D0O2V1 and QCS from mid. of June.
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Local Chromaticity Correction: Strong Sextupoles (SLY)

T
-
-
=3 F ' ? - ? Yo ] i 3 , , 5 ,
- = - Y l‘-. ."' "] = B ; : i :
3 S ; oS N X o200 ] A AR 7o X T SRR LS SRR
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R ) . I ------- b e S — e D S e \’" R
— JhREEEEEEEEEE, M i M B [t Rl i’ S Sl il Sl it Al - 1 e e [ | E
= E]— ------------------- CLREL CORER ‘EE Pl :l ------------------ Mgl oo | B | IS R I . =5 g S PR — I I S A | - S I I ........ E
g28:%5’:::Zﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁliﬂiﬂﬁiﬂﬂiﬂﬂiﬂﬁiﬂﬂiﬂlﬂﬁiﬂ;fiﬂﬂiﬂﬁiﬂﬁiﬂﬂiﬂﬁlﬁiﬂﬂiﬂﬁ{ﬂﬁiﬂﬂiliﬂﬁ]ﬂiﬂﬂiﬂﬁiﬂﬂ]ﬂﬂiﬂﬁiﬂﬂiﬂﬂiﬁﬁiﬂﬂlﬂiﬂﬁi]ﬁiﬂﬂiﬂﬁiﬂ!ﬂﬂiﬂﬁiﬂﬁ]ﬂiﬂ:iﬂﬁiﬂﬂiﬂlﬂﬁiﬂﬂiﬂﬂiﬂﬁiﬂﬂ:ﬂﬂiﬂﬁiﬂﬁlﬂiﬂﬁ]ﬁiﬁﬁiﬁﬁfﬁi: o 0.2p I ~~~~~~~~~~~~~~~~~~~~ I; ~~~~~~~~~~~~~~~~~~~ - ;:l- ~~~~~~~~ S e I,l ~~~~~~~~ ].I ~~~~~~~~~~~~~~~~~ L P -
-80 -60 -40 30 -60 -40 60

"t
%
%

ldd LA TS g
=1
—
ﬁ_
oddlA 1S i

< -I' > 54 -I' > % > g
K2: 1.23 1/m? K2: 3.48 1/m2 K2: 1.33 1/m2  K2: 3.53 1/m2 K2: -8.76 1/m2 K2: -9.62 1/m2 K2: 8.36 1/m2  K2: 7.66 1/m2
ﬂy:SZlm ﬂy:525m ﬂy=702m ﬁy:675m
Av, = ﬁKzAx ~0.0028 for Ax = 20 um Horizontal orbit in-phase for each pair Av, ~0.01 for Ax = 20 um
4n induces large beta-beat which changes .

Horizontal tune shift can be ignored. 3.6 times larger than LER
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Beta-Beat due to Orbit Deviation

H. Sugimoto, 2022ab Summary Meeting

ne SR heating deforms the beam line.
ne horizontal orbit deviation induces tune shift and beta-beat. As the result, g also changes.

ne orbit deviation in the local chromaticity correction (SLY) is always in the outward direction of the ring.
nis implies a squeezing of g.
ne HER is larger effects rather than the LER.

In order to reduce optics degradation, the local bumps correct the orbit at the strong sextupoles.
(Horizontal bump for beta-beat and vertical bump for X-Y couplings)

25 T T l T I g 1.05 T T T T
£ s HER 7 -
o ; z
$5rLER ,4 -
g 2 |
G & *"" E

S 0.8 F -

P 5

O" ' > 0.75 | n ! !

200 ()OO 80() 1000 1200 200) 400 600 {00 1000

Beam current [mA|] Beam current [mA]
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Measurement of Resistive-Wall Tune Shift pEIpF =200 mm/8 mm  (no crab waist) HER

The bunch current is fixed to be 0.2 mA. e LYTLEL N,
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V21, (Vm)

Dynamic Aperture in the LER CW 80 % Collimators : full open, QCS aperture only

initial amplitude at injection point
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AQCL: Ay =20.0mm  Tested three different ~ Horizontal dynamic aperture is reduced by the crab waist scheme.
AQCL: AY =18.0mm  vertical apertures for If the vertical physical aperture of QC1P is increased to 17 mm, the stable region is extended in the small horizontal amplitude.
AQCL: AY =13.5mm  QC1 (Above 17 mm is limited by the dynamic aperture.)
is determined by the physical aperture of QC1 and QC2 CW 0 9%
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