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Super
KeKB Peak Luminosity is 4.7 x 1034 cm-2s-1

o¥ = 0.2 ym < twice the size of
Y COVID-19 virus
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More details of the recent performance is found in eeFACT2022 (https://agenda.infn.it/event/21199/) .



@Ej Beam Monitor System

® Beam Position Monitor (BPM)

® The BPM is installed near each quadrupole magnets and fixed at the quadrupole magnet. The alignment
between the BPM and quadrupole magnet does not change in principle. Beam-based alignment (Quad-BPM)
is performed to determine the relationship between the center of BPM reading and magnetic field center.
Defocusing sextupole magnets (SD-type) are installed near defocusing quadrupole magnets (QD-type). In
this case, a displacement monitor is used to measure the relative misalignment between the BPM and the
sextupole magnet because beam position at the sextupole is important to evaluate and correct X-Y couplings
and vertical dispersions.

@ Gain calibration for each electrode is performed every two weeks. (before Quad-BPM)

® LER: 444 BPMs based on 509 MHz narrow band detector (measurement is every 4 seconds)
® HER: 466 BPMs based on 1 GHz narrow band detector (measurement is every 4 seconds)
® Gated turn-by-turn BPMs (70 BPMs) for each ring.

® Beam position of any bunch can be measured among many bunch.



@Ej BPM and Displacement Monitor (Gap Sensor)

BPM is fixed at quadrupole magnet and displacement monitor measures a relative deviation (horizontal and vertical)
between the BPM and the sextupole magnet.

sextupole
magnet

quadrupole
magnet

(QD-type)

The support arm fixes the alignment

of BPM and quadrupole magnet. BPM



@Ej Beam Monitor System (Cont'd)

® Tune Measurement
® Gated tune meter for each ring
@ Tune of the pilot bunch (non collision) is always measured by gated tune meter every 4 seconds.

@ Tune feedback system works to keep a target tune with the tune measurement.

Bl File Edit Command Window 2021-05-02 01:05:27 Help «
HER Bunch Current Monitor 1565 bunches & 0.56 mA “¢ 0.53 mA ¢ 0.01 mA
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® \ertical emittance is essential for "nano-beam" scheme. e

It is used to evaluate optics corrections and luminosity tuning. ¢ | |

® Beam Loss Monitor @
pilot bunch

® many kinds of loss monitors... to abort beam as quick as possible if beam becomes unstable
® Bunch Oscillation Recorder and Bunch Current Monitor based on Bunch-by-Bunch feedback system

® Coronagraph to measure beam tail (halo), streak camera to measure bunch length
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Super
KeKB

— Global Continuous Orbit Correction

Beam orbit is corrected to "GOLD orbit" every 15 seconds (not strict).

The GOLD orbit is registered just after optics corrections. Optics corrections are performed every two weeks in principle.
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The optics and orbit correction are performed online and SAD code is used.



@Ej Vertical Angle Fluctuation at IP in LER

] ] met 2-10 Q4052022 O 22020 - Q4052022 0725900 1
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The single kick-like orbit distortion can be corrected by using a few steerings.

Why we cannot correct the orbit fluctuation by
7 the continuous orbit correction (CCC) ?
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LER

Orbit can be corrected by
three correctors with MICADO.

corrector kick angle (urad)
10 ZVQLX1LP1 -0.588
109 |ZVQS2FLP -0.959
175 ZVQT10TP2 0.408

Stability of 0.5 ~ 1 urad
IS hecessary.

Possibility of a displacement of
quadrupole magnets.

QS2FLP : K1 = 0.049 (1/m)

This corresponds to Ay = 20 um movement.

Or 0.85 % fluctuation of K-value (y = 0.32 mm)



However, the difference between a measured orbit and the GOLD orbit becomes large in several days after optics corrections.

LER
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Number of spikes (a large difference between the measurement and GOLD orbit) is about 20 -30 BPMs.

The actual orbit cannot be adjusted to the GOLD orbit over time.

Jusers/onishi/svn-work/SuperKEKB/operation/orbit/CCC
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Consistency becomes bad
in several days
after gain calibration.

- = [Day-night effect was also observed.

H. Sugimoto, mini optics meeting (Nov. 10)



@Ej Residuals from GOLD Orbit in LER

The residual less than 20 um is not enough. More stability is necessary.

time span ~ 7 days
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| 3:_'m'a'i'n'téhéhté'““““'“J; """"" R s R e —3 L 3_(8hou'rs) """""" """" ‘ """" """" f’B
5y L (8 hours) | ’ : f 5 > S S 1
— |Z EFf """"" T ey % o TN | 5 e
PN KIR] S— S e . |
e Day-night effect was observed. : 10 pm
DHIIIm DHDM‘SI'S.-’31'I'-£L-“1"‘4-“E“I'44-’3"‘41-“4"‘4{5‘['
/307027 T 3Ienzz T
gain
- . . set
gain set calibration =51’y orpit
calibration ~ GOLD orbit

The reasons that the measured orbit can not corrected to the GOLD orbit.
e Beam current dependence
e Day-night effect

e BPM gain changes (cables or circuit?)
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Nx. Ny (mm)

@?éfé Local Chromaticity Correction: Strong Sextupoles (SLY)

o\ N L Nefd Do Rightside - o Leftuside —~
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-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
ﬁy:521m ﬁy: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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The beam orbit at the local chromaticity correction in the HER

- e BPM
Left side of IP e Disp.
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Right side of IP
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-0.28L T AT () posd e
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Beam orbit depends on the beam current.
The beam line is deformed by SR heating
as one of the possible causes.

Py
(K, Ax)
¥

Avx,y —

APy I
Py " 2sin 27, Py (KyAx)cosi 2(mvy + yp — y) }ds

B = 0.89mm for Ax = +20 um at SLYTLEL

(from 1 mm)

In order to increase the beam current stably,
the orbit control within 10 um should
be necessary.

The local chromaticity correction is
an example, the 50 sextupoles in arc sections
should be considered.



@_, 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)

2 T T I T T = 1.05 T T T T
25 = 1.0
E
= 0rHER . 5/8 ‘ 3
20 : 2
= =
[ s B
i“LER o :
% S, W g
A 10r PR | =
= : »:%Te =
2. : ,(s* 3 I
;3 5| %..‘A : M &“w i g
A ¥ } 3=
Y 4 =
O ./A?'s-/ l ! | | g 075 ] | ,l |
200 400 600 800 1000 1200 200 400 600 800 1000

Beam current [mA| Beam current [mA]
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Helium vessel

O-ring seal

between
T\ / QCZL\P\ QC1LP beam pipes

. — — —— —— ——
— —— . . s

o soid
— . i

and the
¢/// cryostat.
= 1P

e

L-‘_ _____ -
= —
Bellows I T T—ZA
ctulics QC2LE

ring seal

QC2 BPM acite
QCSL Cryostat

Beam pipe with 4 mm thick wall,

and with water cooling cha

nnels

Heavy metal cap replaces
the original cap after field
measurement.

side

BPMs near Final Focus (QCS)

K. Kanazawa, FCC-ee MDI WS, 2018

BPM-bellows tube between IP chamber and QCS

CrC BPM pick-up
1 qQciepm CrCu
\ 20 mm diameter
'lZIIZIIZIIZI 'Ll

Bellows unit with a
conventional RF-bridge.

A comb-type structure cannot
give a sufficient flexibility for
a small diameter.

Cooling channel

QC1 BPM is not fixed at QC1 because
there is a bellows between QCS and QC1 BPMs.
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Horizontal crossing angle: 83 mrad
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Calibration of BPMs at Final Focus (QCS)
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@g‘g Estimation of BPM Reading with 3 BPMs
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The data is used at the beta measurement (one of the optics corrections). - 1o 9 99
It contains six single kicks each in the vertical and horizontal directions. m=mp mg +mpmg
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@Ej Horizontal Response of QC1 BPMs

Each point is an averaged value of 4-times measurements.
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Each point is an averaged value of 4-times measurements.
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The response with QLC1LP and QLC1RP becomes consistent with the measurements as increasing QC1P magnetic field (r = -0.55).




@Ej Summary

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.

® Degradation of consistency, beam-line deformation, change of 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.

What is the "optics" ? Obviously, the design optics is that of zero current. In the real accelerator, we have to
consider the optics under the influence of resistive wall and collimator impedance in the high current operation,
lattice nonlinear in the large betatron amplitude which are additional considerations.
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Q= Other Samples

04/07/2022 15:26:38 - 15:30:57 04/07/2022 16:31:10 - 16:35:00 04/05/2022 21:53:56 - 21:56:20
83 ZVQD3P17 KO = 1.3120810177190797e-06 83 ZVQD3P17 KO = 1.0609695979205709e-06
L e o '?I S, S, R . B . IO O ] x10°°

y () y (m)
1 .
i v ®
I~ ®
'1111||||||||||1I|||||||1|I|||| 5 W S S S S S S [ S S S— — E— — - IR
-1500 -1000 -500 0 500 1000 1500 -1500 -1000 -500 0 500 1000 1500

e T A A S R B B 26 ZVQD1P3 1.33191876977297E-07
] IT i 29 ZVQT5TNP 3.78680058183411E-07
| S . | T 166 ZVQD3P34 3.91913056325357E-07
v m) N
3 A kick angle of 1 urad induces the orbit fluctuation of 20 um.
KO (rad)
e T I 44 7VQD5P11 -6.25734008966841E-07
-1500 -1000 -500 0 500 1000 1500 f
b i L | 83 ZVQD3P17 3.27231022225253E-07
135 ZVQD3P28 4.69360773145465E-07
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BPM Response with Model Lattice

estimated by BPMs at QLC1LP and QLC1RP estimated by BPMs at QC2LP and QC2R
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BPM Response with Model Lattice
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(A)

estimated by BPMS at QLC1LP and QLC1RP

horizontal kicks

y (mm) QLCILP,QLCIRP
T

(B)

QC1RP

26

estimated by BPMs at QC2LP and QC2RP
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vertical kicks
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