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Major Issues

Global XY-Coupling Correction
P Local Coupling

njection Kicker Local Coupling
_ER High Emittance Optics
Crab Waist Optics

IP Chromatic Coupling




P.01

Global XY-Coupling Correction (1) '

* One of key components for nano-beam collision:

- Smaller g, is required for squeezing down 3*, in order to
keep beam-beam parameter.

- It Is minimizing L2-norm of vertical orbit crosstalk errors
Induced by 6-kinds of horizontal steering single kicks.

* L2-norm minimizing are performed by using SVD and optics
model response against skew quadrupole correctors.
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Global XY-Coupling Correction (2) '

« Strange behavior of XRM beam size during xy-coupling correction iterations:

- XRM vertical beam size increases after xy-coupling correction.
« This behavior trends to increase after 3*, squeezing down to 1mm.

- XRM beam size is reproduced by rolling back/forward the set of skew quadrupole
corrector parameters.

- In some case, the reduced vertical orbit crosstalks are observed by xy-coupling
measurement after beam size increasing.

- In some case, recorrection with different SVD tolerance and damping factor (typically
weaker correction) achieves vertical beam size shrink or same beam-size.

— Empirically, skew quadrupole corrector on SL (local chromaticity corrector sextupole)
makes bad results.



P.03

Global XY-Coupling Correction (3) '

» Strange behavior of XRM beam size during xy-coupling correction iterations:

- Where these behaviors come from?
Correction side effect to X-ray radiation point for XRM
Correction vector exceeding linear perturbation region

Lack of XRM beam size monotonicity against xy-coupling correction iterations (Eitehr algotithm or
observation operator issue?)

Modeling Error (Modeling parameter mistakes, missing field components?)

- We HAVE TO establish stable xy-coupling correction scheme for sqeezing down to
design 3%,.

* Such cut & try of xy-coupling needs extra time to startup accelerator after regular maintenance.
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IP Local Coupling (1)

» For maximizing Lg,, R1~R4, n, and n’, at IP are adjusted by using skew
quadrupole correctors so called “IPTilt knob”. (QK{A...} & QKSLY in

Tsukuba section and QKS{DF} on arc sextupole nearby Tsukuba
section)

« Afew mm R2* knob is required to maximize L.

- Optics measurement CAN observe localized XY-coupling & V-dispersion
iInduced IPTilt knob, however, vertical beam-size measured by XRM is
minimized such IPTilt knob setting.

— Typical IPTilt knob setting during collision operation exceeds linear perturbation
region, and COULD make side effect to other optical function.
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IP Local Coupling (3)

* XY-Coupling Correction with QC1 R2* Knob:

— In order to reduce IPTilt R2* knob height, yet another R2* knob by

using skew quadrupole corrector on QC1* are applied before xy-
coupling correction.

* QC1 R2* knob adjustment would be right correction if such big R2* error
came from rotation alignment error of QCS.

* R2 perturbation of QC1 R2* knob is almost localized like the IP waist knob,
however, other R# coupling parameters are not localized.

 In order to control global coupling, xy-coupling correction after QC1 R2*
knob adjustment is required.
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IP Local Coupling (4)

XY-Coupling Correction with QC1 R2* Knob:

- QC1 R2* preset knob reduces IPTilt R2* knob height for maximizing L,, however,
strong global xy-coupling correction reduces QC1 R2* preset knob effect.

 We HAVE TO correct global xy-coupling, however, SHOULD NOT correct IR xy-coupling related R2*.
» Systematic & stable correction scheme is not established at this moment.

- What's happened?

* At the view point of vertical orbit crosstalk against horizontal single kicks, machine optics on optimum
IP coupling seems different with ideal model optics one.

* R2* error source may not be simple QCS rotation alignment error.

 |f machine optics is systematically different with model optics, we SHOULD update optics modeling.
- How to measure exact optical parameters?

- How to survey source of modeling error?
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Injection Kicker Local Coupling (1)

From investigation of LER beam oscillation signal due to injection,
correlation between vertical beam oscillation signal due to injection
and injection kicker field pattern is found. In the other hand,
horizontal beam oscillation signal is not correlated with kicker pattern.

— Either kicker rotation alignment error or xy-coupling error between kicker pair
IS suggested.
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Injection Kicker Local Coupling (2)

* Try to correct vertical kicks from injection kicker system by installing
permanent skew guadrupole magnet between kicker pair.

. B .3 3d R, B '8 BB BB, g

Two Rotatable PMQ

RT3 [esc] A [Enter] ERLTCEID. SEERTDTCa-M9h XA,




P.10

Injection Kicker Local Coupling (3)

« Significant improvement of both vertical beam oscillation signal during injection and luminosity
drop during injection oscillation decay is observed by adjusting PM skew quadrupole.

* Injection background duration of Belle Il detector is |mproved too.

Luminosity decrease nearby the LER injection bunches (for 1.0 us)
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Injection Kicker Local Coupling (3)

« Significant improvement of both vertical beam oscillation signal during injection and luminosity
drop during injection oscillation decay is observed by adjusting PM skew quadrupole.

* Injection background duration of Belle Il detector is improved too.
Single beam LER BG duration with skewQ

-LER smgle beam, 400mA skewQ +10mm {+1/9rad) magnetx 1

LER: 1{<200)Hz3.1(< G)ms -

Reduce background duration
by PM skewQ tuning.

-LERsmgIe beam 430mA, SkEWQ 20mm( z/Hradi maﬁnetx 1 -

[

LER smgle beam, 450mA sker ZOth X 2

njection BG monitor :
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Injection Kicker Local Coupling (4)

» During operation after PM skew gquadrupole adjustment study, increasement of
vertical beam oscillation signal during LER injection are reported.

— Either PMQ rotation angle drift or optics/orbit drift is suggested.

- We start to consider replacement of these PM quadrupoles with electromagnetic skew
guadrupole magnet dedicated for online tuning.

* How to survey and find & correct such localized optics error?
— This would be important things to achieve ultimate low emittance.
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LER High Emittance Optics

* Merit — Improvement of Touschek lifetime.

- Maximum stored current WOULD be improved under insufficient injector power.
+ Current injector power is not enough to keep >1A e+ beam stably during f*,=1mm collision.

 Side Effect — Increasing of effective bunch length at collision.
- HER design emittance is larger than LER one.
- Demerit is depending with (3*,.

» We tried €, = 4nm LER optics instead of €, = 1.9nm optics.
- Significant demerit for L, is not observed.

- Should further emittance optimization be considered for specific operating point?

+ For example, in the case that operatable lower bound of 3*, is limited by QCS quench & detector background due to
beam loss at QC1 physical aperture.
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» We tried €, = 4nm LER optics instead of €, = 1.9nm optics.
- Significant demerit for L, is not observed.

- Should further emittance optimization be considered for specific operating point?

+ For example, in the case that operatable lower bound of 3*, is limited by QCS quench & detector background due to
beam loss at QC1 physical aperture.



P.13

Crab Waist Optics (1)

FCC-ee like crab waist is implemented into both rings by spliting
PS for SLY* vertical local chromaticity correction sextupole magnet
pairs. (2 additional PS / ring)

Beam collision with crab waist is confirmed until 3*, = 0.8mm.

Crab waist improves beam-beam blowup in high bunch current
product region (>0.3mA2).

It looks like no significant Ly, Iimprovement in low bunch current
product region (~0.2mA2).
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Crab waist improves beam-beam blowup in high bunch current
product region (>0.3mAz2).

It looks like no significant Ly, Improvement in low bunch current
product region (~0.2mAz2).
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Crab Waist Optics (2)

* Remarks for further operation with crab waist

— Operation feasiblility of FCC-ee like crab waist lattice
with design [3*,=0.3mm is not confirmed at this moment.

- In the past simulation study, design 3*,=0.3mm lattice
with additional dedicated sextupole pairs for crab waist

shows significant degradation of dynamic aperture by
turning on crab waist sextupole. (different design case)
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IP Chromatic Coupling (1)

* Existence of big IP chromatic coupling error is
suggested from beam-beam simulation in order
to explain the observed beam-beam blowup
bigger than beam-beam simulation expectation.

* |P chromatic coupling measurement & correction
study are performed by using ToT-BPM system
and rotatable sextupole on LER.
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IP Chromatic Coupling (2)

 |P chromatic coupling correction studies:

- 2020/06/05 at 3* = (80mm, 1mm) optics
» Correction parameter constraint: R1* = 2rad, R3* = 780m-1
* Rotate 4 SLY* sextupole magnets
« Chromatic coupling measurements are performed befor & after correction.

- 2020/06/08 at 3* = (80mm, 1mm) optics
« Correction parameter constraint: R1* = 1.5rad
* Rotate 24 sextupole magnets

- 2020/06/24 at 3* = (60mm, 0.8mm) optics
* Rotate 24 sextupole magnets



* |P chromatic coupling correction study @ 2020/06/05:

IP Chromatic Coupling (3)

Chromatic coupling

Rotation Angle
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IP Chromatic Coupling (4)

* |P chromatic coupling correction study @ 2020/06/08:

B Elle Edit Window 2020-06-08 15:49:40 Help ~

Lattice Control

SFGTRP 1 SD5TRP 1 SF4TRP 1 SD3TRP 1 SLXTRP 1 SLYTRP_1 SLYTLP 1 SLXTLP 1 SD3TLP 1 SF4TLP 1 SDSTLP 1 SFETLP 1
DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR
Out of Range Qut of Range QOut of Range Out of Range Qut of Range Out of Range Qut of Range Out of Range Qut of Range Out of Range Cut of Range Qut of Range
BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY
6 (mrad) 40.14 | 8 (mrad) 1.07 || 8 (mrad) 537.02 | 8 (mrad) -20.59 | B (mrad) -11.31] 8 (mrad) -5.18 | 8 (mrad) 20.86 | 8 (mrad) 304 | 8 (mrad) -2.08| 8 (mrad) 50.05 | 8 (mrad) -28.27 | 8 (mrad) 2163
A8 (mrad) 40,16 | A8 (mrad) 020000 A8 (mrad) 37.03 | AB (mrad) -20.59 | A8 (mrad) -11.31| A8 (mrad) -101.58 | A8 (mrad) -92.77 | A8 (mrad) 3041 | A8 (mrad) -2.09 | A8 [mrad) 50.07 | A6 (mrad) -28.27 | A8 (mrad) 21.64

8 (mrad) | 4016+ 8 . (mrad) | 1,07« |8 . (mrad) | 37,03 6 (mrad) | 20,59 |8 o (mrad) | -11.314| 8 (mrad) | -521 )6 (mrad) [ 20 38| 8 o (mrad) | 304145 8 . (mrad) | -2,09 5|8 o (mrad) | 50,07 ) 6 . (mrad) | -25.27 < 6 o (mrad) | 2164

SFETRP_2 SD5TRP 2 SF4TRP 2 SD3TRP 2 SLXTRP 2 SLYTRP 2 SLYTLP 2 SLXTLP_ 2 SD3TLP 2 SF4TLP 2 SDSTLP 2 SFETLP 2
DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR
Out of Range Qut of Range QOut of Range Out of Range Qut of Range Out of Range Qut of Range Out of Range Qut of Range Out of Range Cut of Range Qut of Range
BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY
6 (mrad) 40.14 | 8 (mrad) 1.06 || 8 (mrad) 37.01 | 8 (mrad) -20.59 | 8 (mrad) -11.31] 8 (mrad) -1.83 | @ (mrad) 44,26 || @ (mrad) 30.39 | @ (mrad) -2.09| 8 (mrad) 50,05 | 8 (mrad) -28.27 | 8 (mrad) 2163
A8 (mrad) 40.16 | A8 (mrad) 1.07 | A8 (rrad) 37.03 | A6 (mrad) -20.59 | A8 (mrad) -11.31| a8 (mrad) -36.660 | A8 (mrad) 0| A8 (mrad) 3041 | A8 (mrad) -2.09 | A8 (mrad) 50.07 | A6 (mrad) -28.27 | A8 (mrad) 21.64
8 .. (mrad) | 40.16«»| 8 ... (mrad) 1.07 €| 8 o (mrad) | 37.05 <) 0 . (mrad) | -20,59 | 6 o (mrad) | <1131 | 8 (mrad) | -1.84 <»| 6 ... (mrad) 78650 (mrad) [ 30418 (mrad) | -2.09 |8 (mrad) | 50,07 | 0. (mrad) | -2827 |8 .. (mrad) | 2164

LER Rotatable Sextupoles on localhost:34.0 E
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IP Chromatic Coupling (5)

* |P chromatic coupling correction study @ 2020/06/24.

B Eie Edit Command Window

Lattice Control

2020-06-24 11:46:11 Help ~

SFETRP_1 SD5TRP 1 SF4TRP 1 SD3TRP_1 SLXTRP_1 SLYTRP 1 SLYTLP 1 SLXTLP 1 SD3TLP 1 SF4TLP_1 SDSTLP 1 SFTLP_1
DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR
Out of Range Qut of Range Out of Range Out of Range Qut of Range Out of Range Qut of Range Out of Range Qut of Range QOut of Range Out of Range Qut of Range
BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY
8 (mrad) -68.39 | 8 (mrad) -.82 | 8 (mrad) 3.14 | 8 (mrad) -116.11 | 8 (mrad) 21.38 | 8 (mrad) -6.55 | 8 (mrad) -15.07 || B (mrad) 5647 | 8 (mrad) §1.07 || 8 (mrad) 1.07 | 8 (mrad) -.07 | 8 (mrad) 1528
AB (mrad) -68.4 | AB (mrad) -.83 || AB (mrad) 3.14 | A8 (mrad) -116.12 | A8 {mrad) 21.38 | A8 (mrad) -6.56 | A8 (mrad) -15.07 | A8 (mrad) 56.47 | A8 (mrad) 91.08 | AB (mrad) 1.09 | A6 (mrad) -.08 | A8 (mrad) 15.28
8 . (mrad) | -58A0«% O . (mrad) | -0.83 | 8 (mrad) | 3,14 s O i (mrad) 116,12 | 8 o (mrad) | 2138y O (mrad) | -5.56 |6 o (mrad) | -15.07 3|0 o (mrad) | 5647 » 6 o (mrad) | 9108450 (mrad) .09 8 (mrad) | -0.08« 8 (mrad) 1528 ¢
SFETRP_2 SD5TRP 2 SF4TRP 2 SD3TRP 2 SLXTRP 2 SLYTRP 2 SLYTLP 2 SLXTLP 2 SD3TLP 2 SF4TLP 2 SDSTLP 2 SFETLP 2
DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR DRY ERR DRY ERR DRV ERR DRY ERR DRY ERR DRY ERR
Out of Range Qut of Range Out of Range Out of Range Qut of Range Out of Range Qut of Range Out of Range Qut of Range QOut of Range Out of Range Qut of Range
BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY
6 (mrad) -68.39 | @ (mrad) -.82 | 8 (mrad) 3.14 | 8 (mrad) -116.11 | @ (mrad) 2138 8 (mrad) -249 | 8 (mrad) -5.56 | 8 (mrad) 5647 | 8 (mrad) 91.06 | 8 (mrad) 1.07 | 8 {mrad) -.07 | 8 (mrad) 1528
AB (mrad) -68.4 | AB (mrad) -.83 || AB (mrad) 3.14 | A8 (mrad) -116.12 | A8 (mrad) 21.38 | a6 (mrad) -2.51 | A8 (mrad) -5.56 | AB (mrad) 56.47 | A8 (mrad) 91.08 | AB (mrad) 1.09 | A6 (mrad) -.08 | AB (mrad) 15.28
0 . (mrad) | -68.40 6 . (mrad) -083«p | 8 . (mrad) | 3,14 ) 8 i (mrad) -116.12 | O o (mrad) | 21,33 | 0. (mrad) | -2.5140 | € (mrad) | -5.56 | 8 . (mrad) | 5647 < 0 o (mrad) | 91.08¢0|6 . (mrac) | 1.00€p| 0 i (mrad) | -0,08 4> | 8 o (mrad) | 1528
C u

LER Rotatable Sextupoles on localhost:34.0
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IP Chromatic Coupling (6)

* After IP Chromatic Coupling Correction:
- Significant Ly, Improvement is not observed.

— Detector background is improved after many tuning
iterations including collision tuning (collision
feedback and IPTilt knob), injection tuning, beam
collimator tuning, etc. Contribution of IP chromatic
coupling correction is not clear.
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Summary

Optics correction becomes difficult by squeezing 3%,.

- We should improve measurement & correction scheme in order to achieve
stable operation with further squeezed (3*,.

Crab waist works fine, and it improves beam-beam blowup in high
bunch current region.

One of LER injection background sources is identified and resolved.

LER IP chromatic coupling correction is tried, however, significant
Improvement is confirmed.
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