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Introduction
SuperKEKB and Belle Il

Super KEKB
® Asymmetric e e~ collider

® Ecm = Myus) = 10.58 GeV, B factory
m Goal: L =6x10Pcm ™%~}

peak —

e Nano-beam scheme and increased currents

e4.7 x 10>* cm~%s~! (June 2022, world record)

Positron ring

Belle I
m Target L

50 ab~! by 2030/2031

* Physics data taking with full setup in March 2019
»531.34 tb~! has been recorded by July 2024

B Upgraded trigger rate
B Upgraded detectors
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Central Drift Chamber
He(50%):C2Hs(50%), small
arm, fast electronics (Core element)

e High beam background!

KLong and muon detector:

Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM'’s (end-caps, inner 2
barrel layers)

\ :
article Identification
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OP detector system (barrel)
ox. focusing Aerogel RICH (fwd)

positrons (4 GeV)



Machine detector interface group at SuperKEKB/Belle Il

Including beam background group and beam loss monitor group

* Interface among SuperKEKB, Injector and Belle Il
* Jopics:
e Sudden beam loss:

 Added new loss monitors, beam orbit recorders (BORs) and acoustic sensors

* Collimator&Injection
* Collimator optimization, injection efficiency, long injection BG duration, ...

* Main upgrade: Non-linear collimator (NLC), marked as D5V1 for the low energy ring (LER,
e™), to reduce impedance

« Beam background

* New shielding, reinforced neutron detectors around devices affected by single event upset
(SEU), real-time BG monitors
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Sudden beam loss (SBL) at SuperKEKB

Highest priority

- Occurs suddenly within 1 turn (10 us) Bqnch Oscillation Recordgr(BOR) & Bupch Current Mf){lltOI’(BCM)

“IBOR(LERhor)
“ LER horizontal orbit
 No precursory phenomena
e Catastrophic damage: Belle Il pixel detector (PXD) was off during
physics run to protect its ASICs ~ BOR(LERver) ' ' ' s
| LER vertical orbit
* Very high instantaneous radiation dose | N A A0 O U UM O St -
» Could be > 2000 mrad within 30 us(diamond sensor e T .
saturation) = :
B e e e s e e e e e S |
« Damage collimators, other accelerator components, Belle I St :
diamond amplifier, switcher ASICs of PXD, ... | | | | S B el

* Quench the final focusing superconducting magnets (QCS)

2024-06-17_20-31-25_99978

e Cause is not clear

Melted tungsten e A Z’QOO
head of the HER o f0iafose | F80
vertical collimator [ | =60
@40
920
&100
80
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40
20

= BP_FW_35(HER) threshold(10us) 8 mrad, fired

BP_BW_35(LER) by BP_BW_35 with 45.8 mrad

== BP_FW_145(LER)

* Appears to be associated with dust in beam pipe

= BP_BW_145(HER)

integrated dose (10us+50us)
BP_FW_35 2260.6 mrad
BP_BW_35 2632.6 mrad
BP_FW_145 1793.0 mrad
BP_BW_145 2227.5 mrad

* Pressure burst in certain region (not always lead to SBL)

IlIIIIIII|IIIIIIIllllllllllllllllllll

 Could produce SBL manually by knocking the beam pipe e B N

-200 -150 -100 -50 0 50 100
Time from diamond abort trigger [us]
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Backgrounds in Belle li

* Single-beam background

_ “1g=3 12
» Touschek effect: x 6™ 'E_° I .0y .

» Countermeasure: horizontal collimators at large f, or €,

« Beam-gas effect: I, P

* Coulomb scattering and Bremsstrahlung

« Countermeasure: vacuum scrubbing, vertical collimators at small ,By

* constraints from QCS aperture and Transverse Mode Coupling Instability (TMCI)

* Luminosity background: « £, ..

* Radiative Bhabha, Two photon process

4

- Synchrotron radiation: < E,_,

* Injection background: < injection repetition rate, could be at a similar level of storage BG

* Newly injected beam is unstable -> high particle loss for ~ 10 ms

« Countermeasure: injection trigger veto, injection chain tuning, damping ring for e
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Touschek effect |¢ T

|

Coulomb scattering

o—

Bremsstrahlung

back scattered photons are observed by the PXD




Icated background study and heuristic fit
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Dedicated background study an

Example: preliminary fit result for diamond BP_FW_215

d heuristic fit

BP FW 215
Data :

Estimated luminosity BG Injection background _,

HER Touschek
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RPC layer in the barrel region of the KLM detector. TOP ALD shows the averaged background over ALD-type MCP-PMTs, slots from 3 to 9.
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Figure 14: Measured Belle II background composition on June 16, 2021. Each column is a stacked histogram. QCS-BWD-315, BP-FWD-325 and QCS-FWD-225
7 indicate backward QCS, beam pipe and forward QCS Diamond detectors, respectively, with the higher dose rate. Barrel KLM L3 corresponds to the inner-most

aper



Background simulation in Belle Il

Good understanding of background processes is the key to make reasonable prediction

* Injection background: still waiting for input from machine experts
* Luminosity background: using BBBREM/BHWIDE and AAFH in basf2

* With more detailed magnetic field map -> slower than MC production for physics analyses
* Single beam background (only for storage background)

 SAD: Strategic Accelerator Design

 beam particle tracking and simulation of lost particles (¢™,e")

o Basf2: full Geant4 simulation for far beam line, =29 m around the IP

. Generator interface to create prlmary partlcles from SAD output

Usmg a reference beam Condltlon then extrapolate the result to any Current bunch number beam s size, ...

LER ILER = 1.2 A, nb = 1576 y(X) = 1(8()) mm, €, = 4.3 nm, €,/€, = 0.01, CW=80%
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Background simulation with SAD and basf2

Data-MC ratios have been improved substantially during Run1

 Recap of the Data-MC comparison in Run1i:

2 2
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(a) LER single-beam background. (b) HER single-beam background. (¢) Luminosity background.

* Confirms our good understanding of beam loss processes in SuperKEKB -> ECL-based BG monitor to
decompose background online using templates generated by the MC!

* We are working on the new BG study of the last run period
 Unexpected BG development

 |nefficient MC production



Real-time BG monitors
BGNET V. Buch (Gétingen Univ)

. Reference is sensitivity from
OPI - Main Page bkg study day multiplied by

Measured+Total BGNet and hit Show hit rate per component respective heuristic
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Real-time BG monitors
ECL-based BG monitor

« ECL-based BG monitor uses MC
templates to fit ECL trigger rates with
Injection veto:

* Running since beginning of RunZ2,
using templates from Dec. 2021

* Already helped collimator experts to
tune apertures

e KNow Issues:
 Fluctuation due to low stat.

« HER BG is not decomposed
correctly, probably due to the low
rate of this component

11

Screenshots of the monitor panel

Real-time ECL-Dased background composition monitor

Detected some pressure spikes with beam-gas sensitivity



Collimator optimization

In practice

» Collimators are optimized regularly
e better injection efficiency
* lower beam background in Belle |
* Used as spoiler and absorber (DO6H3/H4)
* to protect machine components like inj. kicker

LER: 11 collimators

* Vertical collimator

Name Type Tip Material Cucoating Tip condition
DO2V1  SuperKEKB Ta (160 mm) O O
DO5V1  SuperKEKB Ta (4 mm) O O
D0O6V1  SuperKEKB Ti (10 mm) O O
D0O6V2  SuperKEKB Hybrid (3 mm) O O
* Horizontal collimator
Name Type Tip Material Cu coating Tip condition
DO2H1-H4  SuperKEKB W (10 mm) X O
DO3H1 SuperKEKB W (10 mm) X O
DO6H3 SuperKEKB C (160 mm) O O
DO6H4 SuperKEKB Ta (10 mm) X O

HER

NIKKO

D08

D01

PO1H4 po1Hs DO2H4 ROZH3 )

e IRTS—= ¢4

: DO2H1
DO1H3 : DO2V1 pooH2
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I
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: Horizontal Collimator, KEKB HER(50x104) type
: Vertical Collimator, KEKB HER(50x104) type

: Horizontal Collimator, SuperKEKB LER(f90x220) type
: Vertical Collimator, SuperKEKB LER(f90x220) type

: Horizontal Collimator, SuperKEKB LER(f90) type

: Horizontal Collimator, SuperKEKB HER(f80x220) type
: Vertical Collimator, SuperKEKB HER(f80x220) type
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Collimator optimization

In practice

» Collimators are optimized regularly

e better injection efficiency

* lower beam background in Belle |

* Used as spoiler and absorber (DO6H3/H4)

* to protect machine components like inj. kicker

HER: 20 collimators

* Vertical collimator

Name Type Tip Material Cu coating Tip condition
DO1V1 SuperKEKB Ta (10 mm) O O
D12V1, V2 KEKB Ti (40 mm) O X
D12V3, V4 KEKB Ti (40 mm) O O
DO9V1-V4 KEKB Ti (40 mm) O O
* Horizontal collimator
Name Type Tip Material Cu coating Tip condition
DO1H3-H5  SuperKEKB W (10 mm) X O
D12H1, H3 KEKB Ti (40 mm) X O
D12H2 KEKB Ti (40 mm) O X
D12H4 KEKB Ti (40 mm) O O
DO9H1-H4 KEKB Ti (40 mm) O X

KEKB type:
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| |9
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DO9V3
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Collimator optimization

Simulation based on SAD
* Optimization in SAD doesn’t consider injection efficiency or injection BG
* Procedure:
* Open all collimators and record tracks for 1000 turns in SAD
e Scan collimator settings and calculate particle loss rates at IR and at each collimator

* The optimal setting is determined by requiring the minimum Touschek/Coulomb lifetime

* Estimate final loss rates and lifetime with tip scattering ]
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Collimator optimization

Simulation based on SAD

* Optimization in SAD doesn’t consider injection efficiency or injection BG

* Procedure:

* Open all collimators and record tracks for 1000 turns in SAD

e Scan collimator settings and calculate particle loss rates at IR and at each collimator

* The optimal setting is determined by requiring the minimum Touschek/Coulomb lifetime

* Estimate final loss rates and lifetime with tip scattering

Proc = Touschek, threshold = 19.9

700 {1 === lifetime threshold
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Optimized setting vs the tuned during operation
Guideline to KEK collimator group for the lattice during dedicated BG study

* Our optimization shows the potential of a given lattice

* |t might be impossible to apply the setting due to constraints of injection efficiency,
too high injection background, limit of loss rate at a specific collimator, ...

- IR loss Lifetime

Ring Process value [MHz] | stat. unc. [MHz] | Value [min] stat. unc. [min]
Coulomb 12.923 0.043 27.795 0.403

EXp. Brems 6.009 0.020 2112.41 2.31
Touschek 16.419 0.433 17.154 0.034
Coulomb 12.25 0.385 50.998 1.785

Opt. Brems 5.800 0.060 2107.20 7.94
Touschek 5.393 0.843 17.908 0.066

Higher lifetime and lower IR loss with the optimal setting
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IR Loss [MHZ]

Collimator study

Close collaboration with KEK vacuum group

o Example: Study copper impregnated graphite (CuGr) as head material for DO6V1

o 2.75 g/cms, can withstand higher current

 Head length scan with an optimized collimator setting (-> backup slides)

DO6V1 as primary

e
o N

N BB O O

+M o

¢ Coulomb

Breamsstrahlung
¢ Touschek
o ? ! o +
¢ + §e°® @ .
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DO6V1 as primary

D06V1 Head Length [mm]

-1 mm used for the default head: 10-mm Titanium
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Summary

 Main Belle Il MDI activities are introduced
 Achievements and procedure of Belle |l background (BG) study
o Effective BG monitors to decompose different components online

* Collimator optimization and studies with SAD offer guidelines to KEK
collimator group and vacuum group.
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Optimized setting for the dedicated BG study in April

Beam condition, optics and collimators apertures

. Beam condition: I; pp = 1.2 A, n, = 1576, = 1(80) mm, ¢, = 4.3 nm,

y(X)
e /e, = 0.01, CW=80%
Optics: sler_2024-04-16
NAME D1[mm] D2[mm] D1[nSigma] D2[nSigma] dNu[1/2pi]
Collimator settings: 105 0.5 345 34.5 0.8
PMDOGH3 -10.50 10.50 -32.50 32.50 0.8165
PMDO6H4 -9.20 9.20 _08.48 08.48 0.2983
PMDO3H1 -9.80 9.80 07.75 07.75 0.0293
v PMDO2H1 -6.00 6.00 -20.03 20.03 0.8521
acuum PMDO2H2 -8.90 8.90 -22.46 22.46 0.3332
group. PMDO2H3 ~11.80 11.80 -05.25 05.05 0.0668
PMDO2H4 710 7.10 -23.94 23.94 0.8237
D6H3should | g [ 135 | 135 -73.56 73.56 0.2522
be fixed at PMDO6V1 -3.30 3.30 -61.29 61.29 0.2775
10.5 PMDO6V2 -2.40 2.40 -80.66 80.66 0.9178
PMDO5V1 -6.80 6.80 _514.82 514.82 0.5536
PMDO2V1 ~1.40 1.40 _61.88 61.88 0.2487
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Simulation setup for DO6V1 study

Beam condition, optics and collimators apertures

. Beam condition: I; gr = 1.2 A, n, = 1576, p* = 1(80) mm, €, = 4.3 nm,

y(x)
e /e, = 0.01, CW=80%
e Optics: sler_1801_sx1
NAME D1[mm] D2[mm] D1[nSigma] D2[nSigma] dNu[1/2pi]
* Collimator settings:
PMDO6HS3 -13.50 13.50 -41.78 41.78 0.8165
(x SuperLER movable masks x) PMDO6H4 -8.00 8.00 -24.76 24.76 0.2983
kSet={
mas"Pl\e’ID06H3"—>{xy—>"X",d1—>—®.01350,d2—>0.®1350}, PMDO3H1 -9.40 9.40 -26.62 26.62 0.0293

"PMDO6H4" —>{xy—>"X",d1->-0.00800,d2->0.00800}, } _
"PMD03H1"—>{§§—>"X",d1—>—0.00940,d2—>0.00940}, PMDO2H1 6.00 6.00 20.03 20.03 0.8521
"PMDO2H1"—>{xy—>"X",d1->-0.00600,d2->0.00600}, PMDO2H?2 -8.50 8.50 _21 44 21 44 0.3332
"PMDO2H2" —>{xy—>"X",d1->-0.00850,d2->0.00850},
"PMD@2H3" —>{xy—->"X",d1->-0.01220,d2->0.01220}, PMDO02H3 -12.20 12.20 -26.10 26.10 0.0668
e e e PMDO2H4 -6.70 6.70 0258 02,58 0.8237
"PMDO5V1"—>{xy—>"Y",d1->-0.00760,d2->0.00760},
"PMDO2V1"—>{xy—>"Y",d1->-0.00142,d2—>0.00142}, PMDO6V1 -3.30 3 30 -61.28 61.28 0.2775
— PMDO0O6V2 -2.20 2.20 -73.92 73.92 0.9178
u

PMDO0O5V1 -7.60 7.60 -575.29 | 575.29 0.5536

PMDO0O2V1 -1.42 1.42 -62.76 62.76 0.2488
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ECL-based BG monitor

_ L. oD 0 Luminosity BG
nline background decomposmon AR
92| 91| 90| 89|88 | 87| 86| 85| 84| 83| 82| 81 | 1 Q
17 16 104 | 103 101|100 | 99| 98 | o7 | 96 94 ] 93| 2 o 3 2 1 —_— 200 ) N - 0 - " " o
516 |515 | 1 116 | 115 | 114 | 113 | 112 | 111] 110 | 109 | 108 | 107 | 106 | 105 | 3 o 1372 :|1 ¢ &.” — : : : : : : : £
513 2 128 | 127 125 | 124 | 123 | 122 | 121] 120 118 | 117 | 4 - 2 |a 5 1 o : 5 e : Vi e :E —3
520 3 140 [ 139|138 | 137 [ 136 | 135 | 134 | 133 | 132 130 [129 | § 3|8 |7 z] 3 e [ H ? o)
x 517 |518 | 4 152 | 151|150 [ 149 | 148 | 147 146 | 145 | 144 [ 143 | 142 | 141]| 6 l 4 |9 |10 R=3 150_ 4‘-6
524 [523 | § 164 | 163 | 162 | 161|160 | 159 | 158 | 157 | 156 154 [153 | 7 5|13 ] 12 - bt
* Extract BG components online BRI EEEsmmmmhi e : :
528 |527 | 7 188 | 187 | 186 | 185 [184 | 183 | 182 | 181|180 [ 179 [178 |177 | 9 7 |18 |17 — 'I
525 [526 | 8 200 | 199 | 198 [ 197 [ 196 | 195 194 | 193 | 192 190 [ 189 | 10 8|19 ]2 E 7 -
532 (531 | 9 212 | 211|210 [ 209 | 208 | 207 | 206 | 205 | 204 | 203 | 202 | 201 | 11 9 |23 |22 100_ 102
529 |530 | 10 224 [ 223 | 222 | 221220 | 219 218 | 217 [ 216 | 215 [ 214 | 213 [ 12 10 [ 22 | 25 1] 9 :
536 535 | 11 236 | 235 | 234 [ 233 | 232 | 231 230 | 229 | 228 226 [225 |13 11| 28 | 27 EX
533 |534 | 42 248 | 247 | 246 | 245 | 244 | 243 | 242 | 241] 240 238 [ 237 (14 12| 29 [ 30 Z]" -
u u u 540 |539 |13 260 | 259 | 258 | 257 | 256 | 255 | 254 | 253 | 252 | 251|250 [ 249 | 15 13 [ 33 | 32 —
* Fit ECL hit rate PVs of 576 trigger cells (TC SEE  EEEEEsSSSESRE  DEEC B:
544 [543 | 15 284 | 283 | 282 | 281|280 | 279 | 278 | 277 | 276 | 275 | 274 | 273 |17 15|38 | 37 I’ﬁ —
541 | 542 | 16 296 | 295 | 294 | 293 [ 292 | 291| 290 | 289 | 288 | 287 | 286 | 285 [ 18 16| 39 | 40 EX
548 |547 | 17 308 | 307 | 306 | 305 | 304 | 303 | 302 | 301 300 | 299 | 298 | 297 |19 17 [ | a2 ©
545 |546 | 18 320 319|318 [317 |316 | 315 314 | 313 [ 312 | 311|310 [ 309 | 20 18 [ aa | 45 I]" 0_ 10
552 | 551 | 19 332 | 331|330 [ 329 328 | 327 | 326 | 325 | 324 | 323 | 322 | 321|921 19| 48 | 47 :
549 |550 | 20 344 | 343 | 342 | 341|340 | 339 | 338 | 337 | 336 | 335 | 334 | 333 | 22 20 [ 49 | 50 Eﬂ - : . : :
556 | 555 356 | 355 | 354 [ 353 | 352 | 351] 350 | 349 | 348 | 347 [ 346 | 345 | 23 53 | 52 - : : : : H : :
. . .., Y 553 | 554 g 368 | 367 | 366 | 365 | 364 | 363 | 362 | 361 360 | 359 | 358 | 357 | 24 g 54 | 55 E|21 _50—. B s PP T
. Ore e al S In ’ ' rII S S I eS 560 |559 | 23 380 | 379 | 378 | 377 [ 376 | 375 | 374 | 373 | 372 | 371 370 [ 369 | 25 23 | 58 | 57 —
57 |558 | 24 392 | 391|390 389 | 388 | 387 | 386 | 385 | 384 | 383 [ 382 | 38126 24 [ 59 | 60 1123 B : 3
64 |563 | 25 404 | 403 | 402 | 401|400 | 399 | 398 | 397 | 396 | 395 | 394 27 25|63 | 62 Ezs X i 3 : : : ; 3
561 | 562 | 26 416|415 414 [413 [412 | 411] 410 | 409 | 408 | 407 | 406 | 405 | 28 26 | 64 | 65 __100 R PR 0 1 TOE G /o -\ S O T G e 0 7 1
68 |567 | 27 428 | 427 | 426 | 425 | 424 | 423 | 422 | 421| 420 | 419 | 418 29 27 | 68 | 67 -
566 | 28 440 | 439 | 438 | 437 | 436 | 435 | 434 | 433 [ 432 | 431 430 [ 429 | 30 28 [69 |70 Eﬂ L= : 3
571 | 29 452 | 451|450 [ 449 | 448 | 447 | 446 | 445 | 444 | 443 | 442 | 441 | 31 297372 —
569 |570 | 30 464 | 463 | 462 | 461|460 | 459 | 458 | 457 | 456 | 455 | 454 32 30 75 z|29 =
u u u u 576 [575 | 31 476 | 475 | 474 | 473 | 472 | 471| 470 | 469 | 468 | 467 | 466 | 465 | 33 31 7 —150 —
* Using local injection veto — storage s B |_=____ i
500 498 496 | 495 | 494 | 493 | 492 | 491 490 | 489 | 35 [~ : : s =5 : :
512 510 | 509 | 508 | 507 | 506 | 505 | 504 | 503 | 502 | 501
BE 3 FE _2oo_lllllllIllll!llllllllllllllllllllllllll 10—1
BR - 0 20 40 60 80 100 120 140 160 180 200
— 2(e) 6 [deg]

® PV fo r eaC h TC: TC mapping. Red numbers indicate the TC ID. ECL estimated Luminosity BG at £ = 2.6 x10%* cm2s7"

B2_nsm:get:ECLTRG_ETM_BKGMON:TCRatelnjV_TCIdXXX (June 2021)

| I

0.10 —mm—m—————————————
[ t  BGasLER + 0.00

' b TousLER + 0.01
« MC templates from May 9th, 2020 | oUSLER + 0.01. |
0.08 t  TousHER + 0.04 .
' Lumi + 0.06 |

* Adjustable parameters:
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 Template files

Frequency

0.04 R a3 A L LG ve—

* PV integration/update time: 10 s

* Local veto parameters (only for this monitor) 002 f o,
sradaamsat AL PPPLLRPPLIPLLIT PO PRI 0PN OS oo

-, otpe

Om.':“.“o-‘
=

=7 e aa? 2 & [ o =] == =] =

0.00

PV: EPICS process variable 2 o e


https://indico.belle2.org/event/8526/contributions/55603/attachments/20441/30246/BackgroundGroupMeeting_2023_01_25_NATOCHII.pdf

Effective pressure

 Cold Cathode Gauge (CCGQG) for pressure measurement

. ~300 for each ring with sensitivity > 1 X 107° Pa

|
P = 31(dP/dD¢cg + Po.ccg = 3Pccg — 2Pocca
|
3(Pccg — Poccs)

@beam— oas
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