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SuperKEKB

* SuperKEKB;
* An upgrade of KEKB B-factory (KEKB).

e High-luminosity electron- -positron colllder
to seek out new physics hidden in
subatomic particles. -

* Main ring (MR) is composed of  “~<_
Low Energy Ring (LER);
4.0 GeV Positron, 3.6 A
High Energy Ring (HER);
7.0 GeV electron, 2.6 A
e Target Luminosity : ~6x10°> cm2%-s7*
v’ ~30 times maximum luminosity of KEKB
v Higher beam current than those of KEKB (x2)

Main Ring

Circumference : 3 km

Total length : 600 m
electron / positron
linear injector

v'B,” squeezing and smaller emittance for nano- positron damping ring \
beam collision scheme Circumference : 135 m
v’ The world'’s first practical application of the SuperKEKB

nano-beam scheme
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* Proposed by P. Raimondi at INFN-LNF for the Italian SuperB T

project around 2006 and tested successfully at DADNE.

* Implemented at SuperKEKB, for the first time, with low-
emittance beams on a high-energy collider.

SuperKEKB

* To avoid Hourglass effect:
* Beam bunces collide
v" With sufficiently small o, *.
v’ At a large horizontal crossing angle.

* The longitudinal size of the overlap between colliding
bunches is much shorter than bunch length.

e 1 e I
L~—|——= x f * |tis possible to squeeze £,* much smaller than
e g v
€Te \ Py+ ::> + bunch length.
| L 1

« _ * Luminosity increases in proportionto 1/4,".
gyi ~ (TeNi/ZT[yio-x,eff) 4@ Lsp = X — y
. Keep constant \ Nnplp_Ip+ ﬁyi
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e Phase3 operation (2019.March~);

. . . € Phase 3 S
* PhySICS run Wlth fu”y InStrumented deteCtor 2019ab  2019c 2020ab 2020c 2021ab 2021c 2022ab LS1 2024ab
* Naming rule of Phase3 operation March is end of Japanese fiscal year. 1600 > € €> © > <€ <—><¢ >e—>
* “YYYYxxrun” (g :End of winter shutdown - March E 1200 [ HER current 1145 mA 1210 mA
1\ \ b : April — Start of summer shutdown £ goof ]
Calendar year ab : End of winter shutdown — Start of summer shutdown g 400 E
¢ : End of Summer shutdown — Start of winter shutdown = Y B
ol
. 2019/I\/Iarch 2022/Jun: Runl 1600 ———
a F LER current 1455 mA 1539 mA
2019c, 2020ab, 2020c, 2021ab, 2021c, 2022ab 5 1200 | - ]
p :
* Luminosity (peak/integrated) : 4.7x103% cm2s1/428 fb! T e ey
. By* squeezing : ~0.8 mm (1 mm for most of the time) g 400 |- | n_‘ i - .
¢ Maximum beam current : HER/LER = 1145/1455 ok
* Facing various challenges for luminosity improvement LT ° [
* Severe beam-beam effect, Shorter beam lifetime, Lower bunch current limit, & h"E 4
Low machine stability, Low injection efficiency, Sudden beam loss, Aging of 25 |
hardware and facilities. © 3, )
e 2022-2024 : Long shutdown 1 (LS1) x|
« Accelerator upgrades e
* Belle Il reinforcement and maintenance o oo |
® 2024/Jan - RUI’]Z E 400 F recorded y,
" — delivered
2024ab (2024/Jan.-July) 3l R
e 155 days (3696 hours) £ | I
° 0 -
Start-up after a long shutdown I R R R R Y
* Aiming to make new world luminosity record 2019 2020 2021 2022 2023 2024 2025

e 2024c will start on Oct./9t". (~2 months)
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e All planed upgrades during LS1 to overcome accelerator challenges were completed almost on

schedule.
Challenges as Lumi. Frontier machine

Major upgrades
/_ J Pg \

e Radiation shield enhancement at IR

1. Short beam lifetime %
2. Beam instabilities

3. Low machine stability
4. Low injection efficiency

¥

Luminosity after LS1 : ~2.4x103> cm=2s~
v’ Increasing total beam currents
v' Increasing bunch current (beam
current)
v’ Squeezing 3 *

—e* Non-linear collimator with low impedance in LER
—e Robust collimator head in LER

—e* Modification of HER injection point

—e¢ New equipment to investigate Sudden Beam Loss
—e¢ Pulsed quad. magnet at Linac

e New accelerating structure at Linac

e Fast kicker for 2" bunch orbit correction at Linac
. Magnet alignment at BT

* Etc.
\_ _
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* Non-linear collimation (NLC) system was installed in

LER

- Non

First sextupole magnet kicks Ap, = KXy
unwanted beam particles.

Oho straight section. Oho lab

Impedance of NLC is much lower than that of conventional Conventional collimation scheme _
collimator due to its large aperture. (

NLC can relax TMCI bunch current limit. '

Oho straight section is the location where the optics satisfies the
requirements for NLC.

A part of wiggler magnets was removed to make space for NLC.

|
|
|
|
|
|
|
New skew sextupole magnets and beam pipes in them were I
|
|
|
|
\

fabricated.
\ i ol s and diation shield Small aperture can make
ew power supplies, cabling works and new radiation shields beam instable.
were also required. N ____

-linear collimation scheme (conceptual diagram) ==-=-=-=-=-=-—g=-===-—-—---- - - - -=- e
Quad.  Skew o collimator
Sext. / B )

¢§ --------- - ﬁ ------------ D) © N

Ap, = (K,/2)(y>x?)

Collimator scrapes unwanted beam
particles with large aperture.
{low_impedance)

Second sextupole magnet brings good
beam particles back to their original angle.
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* Required upgrade to improve HER injection efficiency (what we have learned from beam
operation until 2022b);

* Enlargement of the horizontal aperture of beam pipe

m) Replacement of beam pipes at injection point with new one with larger aperture

* Reduction of amplitude of horizontal oscillation of injected beam
. . S R Electron X\’
) Replacement of injection septum magnet with new one with improved magnetic field beam

Injection orbit of the electron beam (unit in mm and mrad)

straight section

Horizontal aperture was enlarged.

g

) JEJ Septum magnet was

Point Injection
BPM <
S e / replaced with new one.
chamber center / ‘ i}
— ) \ a\( N K 2%y Stored beam
— 8 3 = I
mjected bear
—= i e
— - i P slit
Sept}mmrag.‘\
(s, Pas) 2 & ? o ‘g\\beam channel

M. Kikuchi (2021.12.03)

Kicker height and septum position

. BITF meeting
(ps poi) = (28, —1.814)
(s> Poa) = (38, —2.607) xx.xx  Orbit from the camber c& | New beam pl pes with
, yyyy Camber dimensions H .
ren =0T Orbit clearance from chamber wall MagnEtIC fIE|d was |arger apertu re
oy =038 .
' improved.

(€z7 =100 pm, [y =20 m)
|
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2024ab run overview

e Jan./29 - Feb./20

12T F T T T L AL AL, T 250 — E?@@
. . . . —600 r
» Vacuum scrubbing, Machine tuning, Machine study 1 HER Hooo|5
0.8 Currerlt _54005_ i
* Feb./20-July/1 | o
=~ o. =J200|8, |
* Physics run, Machine tuning, Machine study 3|02 100 2
 Struggling with Sudden Beam Loss, poor injection efficiency, & 1.8 153 ;Bee
low machine stability. z CLERﬂnt 1507
* Many beam abort caused by SBL and injection beam al * e 100 g
* May/1-12 : Off resonance operation 0.5 _550 %
3 2
. . 1 — 0 447><1034_’ i@ 8
* Integrated luminosity (2024ab) : 103 fb- o4 | TR =k E-
* Max. Int. lumi. per day : 2.0 fb't/day I S ver | ”ll “h i 15§
* Total integrated luminosity : 527 fb! E@ 2 scrubbing —Physics run g I u —51 @
* Maximum beam current : HER/LER = 1210/1539 mA 5| ! o lm 1 il | |, joridspndrce 11| I' i 'H \ ER
| Y T L | 19 ol - o
* . . . . 1 e BE—— L R —— T e —
* B, -squeezing (Vertical B-function at IP) : ~0.9 mm % 13% ggﬂ
*  Mostly operated with B,"= 1.0 mm E gg gg
* Others: 5 /12024 3/1 4/1 5/1 6/1 7L
* Fixed number of bunches mostly at 2346, finally at 2249 T —> < — - ::O 5 >
* = mm .
+ Crab waist ratio : HER/LER = 40/80 -> 60/80 % Beamon” o 3™ . o
* Chromatic X-Y coupling correction by rotatable sextupole (1/29) Number of bunches : 2346 2249 2249
magnets. 1565
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* Still struggling with SBL after LS1
e Part of the beam is suddenly lost within a few turns.
Uncontrollable crazy beam can damage the collimators

and Belle Il detector.

* ltis difficult to maintain the MR in good working condition

with damaged collimators.

* SBL also can result in QCS quench.
* Beam abort request is issued by beam loss monitors.

I
SBL is an obstacle to maintain stable machine operation ;

and increase beam current.

SBL occurs more frequently in LER than in HER.

The cause of SBL has been unknow before 2024ab run. 1

* New diagnostics tools (beam loss monitors, acoustic sensors,
bunch oscillation recorders) were installed during LS1.

 Beam aborts with SBL and QCS quench damaged Belle

Il detector (PXD).

* 10 % of PXD became unusable by these issues.
* PXD HV was turned off to prevent further damage.
e LER collimator DO2V1 jaws were also damaged.
* However, not large impact on beam operation fortunately.

On 22"/April and 6t"/May
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* Many findings were made during 2024ab run

* Identifying the cause of SBL was the most important and urgent task in
2024ab run.

Belle Il and SuperKEKB had formed a strong collaborative team to address the SBL.

A great deal of time has been spent on the machine study on the SBL.
Tsukuba (Belle II)

SBL happens

* with a single beam as well as in collision.

* even at lower bunch currents.

* atf, =3mm, as well (not only at B," = 1mm,).
Vertical beam size increases when SBL occurs.

In most cases, the pressure spikes in the wiggler sections were observed.
* Downstream of Oho Wiggler Section (D04 straight section)
* Downstream of Nikko Wiggler Section (D10 straight section)

* Beam pips with electron clearing electrodes for countermeasure against the electron cloud
effects in LER

Knocking the beam pipes at wiggler sections with a “knocker” can cause SBL.
e Thin electrode (0.1 mm tungsten on 0.2 mm Al,O; ceramic) only on top surface
* Dusts in the beam pipes removed for NLC construction

Knocking beam pipes can reduce SBL.
Higher total currents result in more frequent SBL.

Nikko wiggler Sect.
"1295 439|38Im oyo

* No data to suggest that anything other than dust is the cause of SBL.

No data showing discharge at LER collimators.
Most likely cause of SBL at LER is dust at wiggler sections.
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e Countermeasure against SBL during summer shutdown

* Turning beam pipes with electron clearing electrode upside down

* 15/50 beam pipes will be turned upside down. (56 m/185 m = 30 %)
* Oho straight section : 13/16 beam pipes (D04 wiggler section) and 2/4 beam pipes (D05 NLC section) will be turned up5|de down.

* |t takes over 1 month to turn 13 beam pipes upside down at D04 wiggler section.
* Nikko straight section : 30 beam pipes at Nikko wiggler section will not be turned upside down.

* Visual check and dust cleaning of beam pipes which will not be turned upside down.

* Knocking as many beam pipes (with electron clearing electron or groove structure) as possible.
Tsukuba ”e ) Beam pipes will be turned upside down.

Oho straight section

Nikko straight section

Radiation shielding 50n
(concrete)

TSI FASTRTERA AASTY ERTA FRTRR I AR SORRURNN]

D11 D04 )
wiggler section

wiggler section
i
{

o oo FINR .
LT i ?immmi! i

N
\4

¢’ D10 D05 NLC sectiof]
\ wiggler section

Wiggler section NLC section
(Beam pipes with electron clearing electrodes)

uonoas ysieays oyQ

P
<

Nikko straight section

D11 Wiggler section D10 Wiggler section
(Beam pipes with electron clearing electrodes)

—
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Comparison between DO5V1(NLC) and DO6V1(Conventional type) with the same effective collimation gap

Tsukuba (Belle Il)

DO1 DO“‘“‘DOle | D02{ia DOZH3 )
mebo——ob

* Storage beam B.G. : DO5V1 suppressed more beam B.G. than DO6V1
* Beam lifetime : Very similar between DO5V1 and DO6V1
o DOSV1

* Beam blowup : No vertical blowup was observed with DO5V1 (Suppression of
beam instability (TMC|)) ull Non-linear collimation

DO1V1 1 DO2HT
DO1H3 1 DO2V1 poapyp

TSUKUBA
1

DI12V2

* Other findings : _____ TR e :

* Injection beam B.G. may also be reduced by NLC with tuning of 3, at the skew
sextupole magnets.
* It will be tested during 2024c run.

I : Vertical Collimator, KEKB HER(50x104) type < — .

DO9V4 ® : Horizontal Collimator, SuperKEKB LER(f90x220) type

D10 | @ DoSH4 I : Vertical Collimator, SuperKEKB LER(f90x220) type
D0O9V3
DO9H3 @ : Horizontal Collimator, SuperKEKB LER(f90) type

. DOSH2 ® : Horizontal Collimator, SuperKEKB HER(f80x220) type
@ DO9H1 [ : Vertical Collimator, SuperKEKB HER(f80x220) type

DO9V2
M Dogv1

e Radiation level in the Oho Experimental Hall increases as closing the DO5V1 gap. '\
* Though it was still lower than the regulatory limit, measures are required for future current increases. A
* During the summer shutdown, additional radiation shielding will be installed. DosV1 . N
Conventional collimation
S. Terui ] - — - - |_S Terui
150 Storage beam B.G. rl." al _ Beam lifetime E Vertical emittance Lﬁ DO5V1
T 7 posvi close ,ﬂ"‘ < B =100 R DO6V1
3 . 1.25/(D0sv1 open),. e E1n VQ,\ 2 80 POBVI close @ w
oo 2 ¥ '|'\;"-! < N\ g ]
é g . ;MM g DO6V1 close Wy 'c 60 $ 3.5 mm
V] R B, 5
SEOT A 2 10005 oper) TN 3 % L Jaamm g "
Q 0.50 € 0 .
3 W 005112 D06V1 close & DOSV1&DO6V1 closg LS ——
@ 025 S 8 Q
0 45 50 25 30 35 40 45 50 04 06 08 10 1.2 14 Same effective collimation gap : 64c,
Beam currentTmA] Beam current [mA Bunch current [mA]
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Late May

* HER: maximum beam current 1.2 A (Target : 1.4 A) 3 LNRAA AN ';Mw |
— fh .

* Had straggled with poor injection efficiency and stability despite 9 'MIW”P‘FH § }ﬂm M I e+m_:- oy
upgrade to HER injection point during LS1 (aperture enlargement, I 1 Ukl A F’M
new septum magnet). £ H © - 15t 1 l

* Frequent beam aborts caused by injection beam (especially 2" bunch) ,w_. : ; “I 8 mnu“u.lmm ( ' ) e A
| o L e W | SN
* Long-term dedicated beam studies and injection tuning =0 | | LER current r, ;*” i _ ; 5
* Finally, injection efficiency improved significantly during last 2 weeks ' | ER current,rf ol T s
of 2024ab run. ‘ ‘ f , , Wf A 1
* Precise measurement of injection beam orbit and its correction ‘ | H‘ ] l fﬂ”F d 500 =
* Fine optics matching between MR and BT i || TN ?
. . : .m A | .L‘[.m..l
Benefit of the LS1 upgrade 0h:0m:0s 12h “oh: Om T OO Tk Ohm0s 12h '
* |t seems possible to further increase the beam current. 5/25 5/26 6/28 6/29
e LER: maximum beam current 1.5A (Target : 1.8 A) w—
= njection

* It was found that injection degradation occurs due to Beam-Beam ——— P——— T

Interaction effect at high bunch current. P § i ' d
T & ue to
* Lower betatron tune can improve injection efficiency. E 1 Beam Loss ?

* For further beam current increase, it is necessary to maintain stable [ st B i o :
2-bunch injection, which could not be maintained for a long period S T | M | Injection
during this run. o AR AR H Q] 20 ~ 30 %

MQEAE27 MQEAE27

2)x=52~64x107m Physical Aperture erﬁni o e Quads, Yi, PyiXir P
* Plan for 2024c run R T ke

* Further beam current increase (> 2 A) to make new luminosity record B T R e oo ey o R ‘ L

} ] . s s el =]« Vertical [ SN S IR RO

* Deeper understanding of Beam-Beam interaction effect DE L T osclation | : :
*  Finding a good operation point (good betatron tunes for both Injection and HHHMH H H | ‘ HHH‘H HHHHH ' ' NG o
luminosity) e U | ‘ WIHPETE 60~ 80'%
* EStabIIShment Of Stable z_bunCh injeCtion in advance 2)y=0.97 x 1:0:?:131 15>< 108 m Injection Efficiency Is Impr::i:;zt:y Matching and Orbit Tuning.
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Luminosity with

393 bunches

. . . e

0.6 0.8

[mA?]
Y. Ohnishi

0.4
I, Ip.

. . = 5 LER: CW 80 % / HER: CW 40 % | _ : hnishi 14:
* Peak luminosity L = 4.47x10% cm2s X Specific omiwith —TT—— [
* Specific luminosity L, = 5.9x103 cm2st/mA? | % * ‘ | 2246 hunches o
* E s e\llm N
* B,/ =09mm | a0 s o
e Beam current : HER/LER = 1180/1450 i ’ k . T B o
= a4 \ x r
* Number of bunches : 2249 E ST NN =4
= L0 vy = .59 N
* Bunch current product (l,,l,) : 0.338 mA? £ e 5
° Crab Waist ratio : HER/LER — 60/80 % 5),_ (P.OO 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 )
Ib+1p— (MA?)
* Findings from Beam-Beam Study & High Bunch Current Study 1 T
. . . . . . = [ No CoII|S|on
* Crab waist is effective to increase luminosity and |1, et 4
* Single beam vertical blowup was observed over 0.5 mA/bunch in both rings. : ;E T
* LER vertical blowup due to Beam-Beam effect was observed 5 S 1
* Lowering horizontal tune improves LER injection efficiency and helps to 50 Blowup
increase beam current. o)
* L,reached 1.38x10%* cms* with 393 bunches
N | LER ‘(2024-06|-27) :
* Outlook for 2024c run g, No Collision ;
@ Blowup ]
* Increase total current (number of bunches) : 87 l A
- 34 ~p-2c-1 - 34 ~pn-2c-1 FEs o
L,= 1.3*8><10 cm2st x 2346/393 = 8.27x10°* cm™%s S o
* Further B, squeezing (0.8 mm) and increasing total beam current Eor '
Target . Lp = 1X1035 Cm_zs_l ’ 0?2 Bunc?l‘ACurren::?ﬁ(mA) B!B

Collision: 393 Bunches (2024 GS 77
[ T T

LER
250 HER *

I Collision with

t 393 bunches jfgs

w‘ﬁ.»h-t....... HER :

I
2] ﬂ,? l

Bunch Current (mA)

v.u-.-m
| -

Collision: 393 Bunches (2024-06-27)

T T T =

el

& Tner/Iier = 7/10
‘ <é 13 ‘ i\ Her/TLer / E
€ >~ b . 1N =
= L . E
£E R T
3:0 * Specific Lumi. with E
2o i3 393 bunches 3

j | L 1 |

2] @.2 0.4 0.6

Ip.ly. [MA2]
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Summary

e 2024ab run was conducted as scheduled from January 29t to July 1.
* First run after Long Shutdown 1
* NLC system construction, upgrade of HER injection point, etc.
* Peal luminosity : 4.47x103% cm=2s!
* Integrated luminosity : 103 fb!
* By* squeezing : mostly 1.0 mm, finally 0.9 mm

* There are many findings from 2024ab run
First demonstration of the effectiveness of the NLC system
Improvement of HER injection efficiency at last (30% -> 80%)

Still struggle with SBL, but on track to solve it for LER
e Turning beam pipes with electron clearing electrodes upside down during summer shutdown

Also struggle with difficulty to increase beam currents and poor machine stability

e 2024c run will start on October 9th,

* Operation period : 2 months
e Extending operation time is difficult due to rising electricity prices.

* Target luminosity : 1x103° cm?s
* Need to overcome many challenges.
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Thank you for your attention.

Inter-University Research Institute Corporation High Energy Accelerator Research Organization (KEK)
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Back up

Inter-University Research Institute Corporation High Energy Accelerator Research Organization (KEK)
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e Luminosity history

2000
* Peak Luminosity : 4.47x10%* cm—2s1 =
: , = :
* 95 % of the world record achieved in 2022ab run = o |
c :
» SuperKEKB world record : 4.7x10%* cm=2s~1 g ool
] ] ] ] . 3 B -
* Maximum daily integrated luminosity : ©
Peak luminosity
* Delivered :2.11 fb! T
"? Nlm 4 """ E
* Integrated luminosity in 2024ab run : SE S ]
é T
332 | E
* Delivered : ~111 fb ! X T .
0 bl iinen
120 [T Int. luminosity in 2024ab run Int. luminosity / day
- 5 5 i ' ] <3 SR PP TP PP e e e
7100 ¢ Recorded f 25} .| — Recorded
280 Ff — Delivered > 2 F | = Delivered . .
é 60 | 215 -l . 1:_"-_. e 'lq.li,
3 40 i é 1 . IJ'I-I -. '. - 1 H N . E
4&; E 3 0.5 g _". - L - 1 e i
= 20¢ = TR e o0 -‘\- R T . N Al i i b
0 T m L L L m | | m L mn mn i E 0 02/02 02/12 02/22 03/03 03/13 03/23 04/02 04/12 :)4/22 05/02 05/12 05/22 06/1 06/11 06/21 07/1
02/02 02/12 02/22 03/03 03/13 03/23 04/02 04/12 04/22 05/02 05/12 05/22 06/1 06/11 06/21 07/1 Date

Date
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Oho straight section
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* There are also superconducting RF cavities at Nikko straight section.

S—

=5
h
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Collimator head replacement (D02V1)

IS UR LRI

Collimator relocation
(DO3V1 -> D05V1)

g 1oy
g 1osn7

Gate valve & bellows chamber
replacement

KE& l Ry

Temporary countermeasure against NLC (DO5V1) system

vacuum leak from beam pipe welding line construction ™~ Bellows chamber replacement
| Collimator head replacement (vacuum leak)
(DO5V1) ‘ :
— lon pump feedthrough replacement ﬁm o
wo [ : | w —— (Abnormal discharge, Vacuum leak) — o

. NEG pump feedthrough replacement
\ - (Vacuum leak) Collimator head replacement
(DO6V1, DO6H3)

Installation of HOM absorber

Collimator head replacement
(DO9V1)

"“e7%. Collimator head replacement

% ¥~ (DO6H3, D06HA4)

Removal and reinstallation of B . .
aa N Collimator relocation Injection septum &

kicker ceramic chambers for
. DO6H1 -> DO6H4
magnetic field measurement ( ) . chamber replacement ,

%
&
=
=
e mm mm EE I I ED EE EE D EED EE EE D EE EE D EE EE EE R EE EE EE EE EE EE EE D EE Em Em
%
g
i
!
I
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BT Installation of V-offset bellows chambers (BTp) DR
Installation of CSR monitor chamber (BTp)
Installation of OTR screen monitor (BTp) j — ooy

BN e 1
N v 2

Removal and reinstallation of
bellows chambers for magnet
alignment (BTe & BTp)

Removal and reinstallation of Ext. kicker
chambers for Kicker PS work

- - - - - - - - - - - — - - — - - ———————

18th July 2024 ICHEP 2024 @PRAGUE




e Efforts are underway to suppress the effects of thermal deformation of beam pipes due to
SR irradiation for stable beam operation.

* New BPM support to isolate the beam pipe
 Thermal deformation causes the quadrupole magnet to move, resulting in beam optics distortion.

* New feedback system to suppress the effects of optics change due to thermal deformation at strong
sextupole magnets. (From early April)

Orbit Change at Strong Sextupoles in LER

{8 AFeedback % B3EH

W fle Edit Command Window
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and quadrupole magnet (Installed on April 17t")

@ Try to Isolate BPM from Quadrupole Magnet

@ Install Gap Sensor between Quadrupole Magnet and BPM &
Deformation due to
SR Heating ngiuagbr Strong
5 9 Sextupole

ﬂ of Sext. =

Beam pipe Beam pipe - b |

— \5\

Beam =1 o
BPM Support

Q BPM dipole

from Quadrupole
Magnet

Investigate the Mechanism
Simple Case is Preferable.

Y. Ohnishi

Beam Current Dependence for Beam Optics

Install New BPM Support
from Floor instead of
Quadrupole Support

Not Yet.

Plan on the Next
Maintenance.
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Beyond 103° strategy

Strategy Toward 2.4 x 1035cm-2s-1
I — L Target Beam Currents of 2024ab
L Ly, with g = 1 mm
e | Y. Ohnishi
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