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SuperKEKB accelerator

ikko e+ 3.6A(LER)
HER RF(Superconducting

Tsukuba IR

e 4GeV e+, 7GeV e-, 3km in circumference

e “Nano-beam” and “Crab waist” collision scheme
— Design luminosity: aims to x40 higher than KEKB

— X2 higher beam currents, x20 smaller vert. beta function (B*y) {.
“

* Latest peak luminosity record: L=4.71 x 103*cm?s? (June 22, 2022)
* Now in “Long Shutdown (LS1)” for accelerator/detector upgrade works
 Beams will be back in October 2023

~" HER RF(ARES) & Wiggler

LER RF(ARES) LER Wiggler
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Beam background at SuperKEKB

Beam-induced background (beam BG) is dangerous for SuperKEKB/Belle |

Beam BG determines survival time of Belle Il sensor components and
might lead to severe instantaneous damage

It also increases sensor occupancy and irreducible analysis BG Touschek
S
SuperKEKB Beam BG sources =
- Single-beam BG: Touschek, Beam-gas Coulomb/Bremsstrahlung, Beam-gas
Synchrotron radiation, injection BG codomy
ynchrotron radiation, injection - o
. _ ['_’e O/.] [ o"h'\m']
- Luminosity BG: Radiative Bhabha, two-photon BG, etc.. !
Lumi-BG is now smaller than single-beam BGs, Rad. Bhabha: ete- = e*e’y

but will dominate at the full design current Two photon: e*e" > e*e e*e



How to cope with beam BG?

1. Movable collimators in the main ring

— Cut beam tails/halos: stop stray particles before they reach the
Belle Il detector region

2. Thick tungsten shield around the major beam loss spots
near the detector

— Showers generated inside the final focus quads are stopped
before entering Belle |l physics acceptance

— Careful design of Machine-Detector Interface(MDI) region is a key
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© : Horizontal Collimator (SuperKEKB type)
[71: Vertical Collimator (SuperKEKB type)

@ : Horizontal Collimator (SuperKEKB type)
[T: Vertical Collimator (SuperKEKB type)

LER Collimators
D06 H1, H3

D0O6V2 D06

e- (7GeV,HER)
As of 2021, e+ (4GeV,LER)

31 movable collimators installed

LER(11):
- 7 horizontal, 4 vertical “SuperKEKB type” collimators
- horizontal: DO6H1, DO6H3, DO3H1
DO2H1, DO2H2, DO2H3, DO2H4
- vertical: DO6V1, DO6V2, DO3V1, DO2V1

HER(20):

- 3 horizontal, 1 vertical “SuperKEKB type” collimators
- horizontal: DO1H3, DO1H4, D1H5
- vertical: DO1V1

- 8 horizontal, 8 vertical “KEKB type” collimators
- horizontal: D12{H1,H2,H3,H4},D09{H1,H2,H3,H4}
- vertical: D12{V1, V2, V3, V4};,D09{V1,V2,V3\V4}

Horizontal collimators = Touschek BG
Vertical collimators - Beam-gas Coulomb BG

CEPC workshop 2022 5



Vertical Collimators: very narrow

SuperKEKB-type vertical collimator

—

 To reduce beam-gas Coulomb IR loss, we need
very narrow (<~2mm half width) vertical collimators

A
2

* TMC instability is an issue: low-impedance head design
is important, and collimators should be installed at the position
where beta_vy is rather small

(*) “Small-Beta Collimation at SuperKEKB to Stop Beam-Gas Scattered Particles and to Avoid
Transverse Mode Coupling Instability”, H, Nakayama et al, Conf.Proc.C 1205201 (2012) 1104-1106

* Precise head control (Ad~50um) is required,
(IR loss is quite sensitive to the collimator width)

* Collimator head should survive severe beam loss

* Tungsten (or Tantalum) jaws were severely damaged and
replaced several times.

* Low-Z head tip (carbon) was installed in 2020 autumn run
but its impedance was found out to be too large (Beam size
blow up due to TMC instability was observed)

* More robust head are considered (MoGr, Ti, Ta+Gr)

& |
~ T, 0% o4

Scar along the beam line
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Beam loss distribution inside Belle Il detector
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Thick tungsten shield inside final-quad cryostat

TDR(2010)
Bellows Bellows
BPM BPM
. QCIRE \ QC2RE
‘L . Elec
p \ W= — L_iﬁ"_ —— fzd | ——
— =————— .
_— o Rl
I_I \ Positron
QCIRP QC2RP Rellows Pump
A B C

TDR is prepared just after the change of SuperKEKB
design concept (“High current ” 2 “Nano-beam”)
At that time, no background estimation was
available for the “Nano-beam” beam optics

No shield considered inside the cryostat

As background simulation developed, we found a
significant beam loss inside the final focus magnet

| made a strong request to put as much heavy-metal
shield as possible inside the cryostat

It required major modification on the already-
started cryostat fabrication process

Takeaway message: Reserve enough space for the BG shields between detectors and beam pipes!

Hiroyuki Nakayama (KEK)
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Other shields (for neutron etc..)
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Dedicated IP beam pipe design
to mitigate synchrotron radiation BG

IP beam pipe(Ti/Be/Ti)

wJ » $20mm
N

IP

/

incoming/outgoing
beam pipes (Ta)

Inner surface of Be pipe are coated with Au layer (10um)

Hiroyuki Nakayama (KEK) CEPC workshop 2022

Belle Il IP beam pipes are specially designed to mitigate
SR background
Collimation on incoming beam pipe ($20mm->¢$10mm)
stops most of SR photons in parallel with the beam

* Direct SR hit on Be part of IP beam pipe is negligible

* No collimation on outgoing pipes so that HOM can

escape (no cavity structure)

“Ridge” structures on inner surface of the collimation
pipe can prevent forward-scattering of SR photons

* One-bounce SR hit on Be part can also be negligible

Ridge structure

10



Background measurements



Belle Il Beam Background in recent runs

- Belle Il beam BG didn’t limit beam currents in 2021 and 2022
- Thanks to successful BG mitigation by collimators, vacuum scrubbing progress, etc..
- However, it will be a problem at higher luminosity without further BG mitigation

- TOP counter is the most vulnerable sub-detector to beam backgrounds
- Finite PMT photocathode lifetime, replacement work during long shutdown needed
- Major contribution from LER beam-gas, LER Touschek, Luminosity BG, etc..

TOP background breakdown

during recent physics runs

0.17
(18.6 %

5.0 %)
PMT rate
[MHz]

0.13
(14.9 %)

0.13

. 0.09
K. Kojima  (9.8%) 0.15

(16.8 %)
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(14.9 %

- LER Beam Gas
[ ] LER Touschek
- HER Beam Gas
B HER Touschek

- Luminosity
|:| Injection

CEPC workshop 2022

June 28, 2020
beta*y = 0.8mm

Input values
to calculate background rate.

THER — 500 mA

O';IER =34 pm
NIER — 978

TMER — 480 mA e- (7GeV,HER)
oy =06 pm e+ (4GeV,LER)
Ny ER =978 !

L£=15x10% cm~ 2!
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Separate measurement of each BG component

2 P=P,+cl Touschek component also
I 2 2 depends on bunch length o,
Rate =T + BZ;IP —— Rate/ZZIP = I'——+8
O'ynb lePZe _ _
T, B: Touschek/Beam-gas coefficient Yg\ / Linear function
o,: vertical beam size, ny,: number of bunches ';' RNV s
P: pressure, |: beam current o 45 .
Z,: effective atomic number of residual gas ul:r_. -
5| 40 =
. g ;h@ 3
Strategy: ol a 35 =
: . Q ]
* Single-beam (no collision). Assume Touschek + Ol 30 -
Beam-gas and no other BG component o5 k3
* Vary number of bunches (or beam size), which 20 =
should affect Touschek component only 15 E
* Fit for T and B coefficients and compare them 10Entercept: B t
. . . C Other BG
against estimation by MC 55 (Beam ga
. . - v B
* Use measured data/MC ratio for correcting the B Sy S S TRl
simulated BG rates at future optics
[mA/Pa/um]

. . . —2
* Lumi-BG can also be measured by varying lumi only oynpPZe
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Data/MC ratio of each BG component

Ratios of measured (data) to simulated (MC) backgrounds based on dedicated studies in 2020-2021

LER single-beam HER single-beam Luminosity
1 02 7 1 02 g Beam-gas 7 1 02 E
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L ! I L tat. unc. L
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: Syst. unc R o e el s e S _i_ Luminosity
1 Geometric mean Beam-gas ] Y E : a : 1 T  Stat unc.
107 Geometric mean Touschek 10 E 3 ! 10 E ! Syst. unc
F | [ Total unc. Beam-gas : ' [ Geometric mean Luminosity
[ Total unc. Touschek PRELIMINARY _ Total unc. Luminosity
165 = 10° = 1575 =
8 2 ¢ 8 & & 3 8 2 9 8 & 3 3 2 2 ¢ 8 & & 3
o a w (&) - o x o a. w o - o x o a. w (&) - o x
£ < £ < E <
= & =
a o (=}

- Data/MC ratio is now within one order of magnitude from unity

- Measured lumi-BG stays consistent with prediction (will dominate at full luminosity)

- This confirms our good understandings on beam loss processes at SuperKEKB

- Those ratios are used to rescale simulated beam background rates toward higher luminosity

Hiroyuki Nakayama (KEK) CEPC workshop 2022 14



Future prediction of beam BG

[ ] LER Beam-gas BG
LER Touschek BG
[[TIT]] HER Beam-gas BG

<2~ HER Touschek BG

Luminosity BG
[_] Total BG
Total BG unc.

= BG rate limit

- - - - Beam current

IP optics

A.Natochii

Hiroyuki Nakayama (KEK)
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, Simulation”: 7\ |- o0e
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IP optics, p* [mm]

Measured and predicted Belle Il backgrounds

|

Y

|

|

e Data/MC ratio from recent BG
measurements can be applied to improve

e BG predictions at future optics
jf * Latest prediction can be found in our
16; Snowmass WhitePaper (arXiv:2203.05731)
G E — Up to L~3x103°, beam BG will remain
:‘Qé high but acceptable
- — For the target luminosity (L~6x103°),

machine condition is very uncertain to
make accurate prediction
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Issues: Sudden Beam Loss (SBL) Events

Bunch current monltor
o BCM |

F20603_144814_LERbcm
408. ’ 4085

— Lead to QCS quench, sensor/collimator damage >80% of stored beam
" lost within ~20us

* Sudden beam loss (SBL) events

— Very fast beam loss within few turns (= 20~30us)

40

— Operation time loss by collimator replacement work
— Limit max. beam currents for 2022 runs

Beam loss monitors
along the main ring

* The cause of these events is still unknown
— Beam-dust event? Beam instability? Arcing?
— Detailed analysis ongoing, using beam loss timing

" superKEKB Main Ring
‘

recorded by various beam loss monitors along the ring

" . @ Prototype (2021 summer)
s &3 full scale system

! WIGGLER

L . +
| WIGGLER|  ARES |
=]

— International taskforce is launched to investigate the issue

Hiroyuki Nakayama (KEK) CEPC workshop 2022


https://kds.kek.jp/category/2423/

Sudden Beam Loss events in 2022 runs

QCS quench DO6V1 B*y=0.8mm K.Matsuoka
2400 D02V1 damaged damaged QCS quench — - 0.8
~ 24 QCS quench DO6V1 damaged S -
o » * A O CS quench 0.7
5 QCS quenc .
52000 g B
L= =
= fa " CS queghch 0.6 -
—~1600 | |} S8 & | freoooooeees) TERERERRL L 'QCS quench C
= 1600 FE b02v1, DOBVL 05 ¢
E damaged &5
= 1200 | 0.4 O
N
3 03 €
-
= 800 2
-
o —=—Nbunch 0.2
5 400 ——Total current | ¢
- .
0 —e—Bunch current
— o0 ™~ <t —i o0 <t — (0.0] Tp| (@] (o)) w N o 0O on o ™~
(Y| (Y| ~ —i (| (| ~ i i N ~ ~ —i (@ | N ~ i N N
~ ~ on ~ ~ ~ ~ ~ ~ LN ~ ~ ~ (X0’ ~ ~ ~

e Sudden beam loss events caused QCS quenches and severe collimator damages
e Our primary LER vertical collimator (D06V1) was severely damaged and had to be used with
larger aperture than ideal, making it difficult to control storage/injection BG

Hiroyuki Nakayama (KEK) CEPC workshop 2022 17



Issues: Injection BG duration

-ECLTRG
Belle Il DAQ apply trigger veto after each injection, since -~ Injection Veto -ECLTRG&Iveto

.

=
' i 1.

the injected bunch gets noisy for a while

Typical duration of injection BG = LER: ~10ms, HER:~5ms
— Corresponds to 5~10% deadtime

)

— longer veto window > lose integrated luminosity “Injection BG duration’

In 2022 runs, injection BG duration gets worse with

. Injection veto window
squeezed beta*y (=0.8mm), higher beam currents, and e

after severe LER collimator damage vetosoff ﬁsgt'wpf*ﬁmogi .
— Larger BG observed even in recorded events (outside veto) t ‘m’ rxom H‘ -
— Impact on physics performance started to be seen oL e |
Many injector improvements planned in 2022-2023 Srm
shutdown

18
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Further BG mitigation possibilities

* Vacuum scrubbing Additional shield around QCS bellows
— beam-gas background will be gradually improved as baking P e
proceeds [h]n@ﬂ(d]mg of bellows pipes

« -_‘ [ J X \

* Collimators
— “Non-linear collimator” with low impedance budget (2022-2023)
— Achieve better BG mitigation while avoiding TMC instability

* Additional shield around QCS bellows (2022-2023)
— Cover the bellows pipe area where BG showers leak out

— Only small space left for the shield (mostly occupied by sensor
cables)

— Further BG reduction for TOP/CDC

Final focus magnet modification

QC1RP and QC1RE are moved by 250 mm and 100 mm, respectively.

g

* Final focus magnet modification (2026 or later?) e = ,;,,,ﬁaj} .

— Less overlap of solenoid and quads > suppress beam-beam blowup _ : "
— Wider beam pipe aperture—> less beam loss, wider collimator and pas ==t = T

relax collimator impedance D T . - € 1@4
— Design not finalized yet | !

Hiroyuki Nakayama (KEK) CEPC workshop 2022 19



Summary

Beam background at SuperKEKB can be dangerous and various
countermeasures have been implemented
Machine studies can measure each BG sources separately

— provide scaling factors between data and MC, which can be used for
future extrapolation

Beam BG does not limit max beam currents in recent runs

— Major issues: sudden beam loss events and injection

We need further BG mitigations to cope with the beam BG at the
target luminosity



Announcement: Job Opportunities

* We are looking for a new KEK postdoc(s) working for
the Belle Il beam background group.

* |f you know a good candidate(s), please inform me!



Want to know more?

If you need further information on SuperKEKB beam background,
you can also refer to our recent talk at “eefact 2022 workshop”,

given by Andrii Natochii (Hawaii Univ.)
https://agenda.infn.it/event/21199/sessions/22793/#20220913



https://agenda.infn.it/event/21199/sessions/22793/#20220913

Hiroyuki Nakayama (KEK)
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Nonlinear collimation (NLC)

Create a nonlinear optics region by using a pair of skew-sextupoles in the Oho-section + V-collimator
e Low betatron function in between ﬁxf 3m
e Vertical angular kick for distant halo parhcles in both planes ﬁp ~(y? = x?)
e ADbig aperture step ~1mm affects < 40 at the QC1 — fine tumng with the NLC
o  For other V-collimators: ~1mm step = 20-400 at the QC1

Skew sexts (SNLC) Introduced by K.Oide, KEK, 2021
slerl1?05_ﬁﬂ_0'5_cw50_hl LC1.sad S
T ' I, 7 4 | T L —'—Fm'
5 —‘vﬁ = e Consider a collimation at a vertical amplitude y,, which is equal to the P ';L }’9 d‘—v——b—ﬁv
% a0f- dynamic aperture. / 1;"25:,_ Saiin DRVI g .

- 15 — For the (60,0.6) mm optics, y, = 10.0mm at QCI (30g, with =, /=, = o2 a
L?_- 2%) @ DL |
L:‘ 10k ' gl SuperkEKB Main Ring '-,II
of! . .

: '\ o [t is equivalent to g, = ¥/ 3y /Byq = 6.8 mm at the NLC skew sextupole [ - 'II | o
e SNLC. 4
P e e T |
o . .
?GD-Dyn3m|c aperture is not 0pt|m|zed I—n, ] ° Thesextupole kicks the beam vertically by | g\l e
BODE = 3 o " ®: Huriacntal Cailimator, KECE HER{SOHI08) bypa
E I Vertical Callimatar, KEKE HER{S0%104) typn
E S00E= vertical E Apys = EE Iz} (1) " oo : Horzontal Collimator, Super<ERE LERISMN220) type
400~ : - | @ IW: Vertical Collimater, SuperKEKR LER|IM2 30
E' A0E- collimator - o= &('}23; (2) '=Iw; D:Hnﬁ:‘:nulc:?ﬂw.:p&ﬁ:ﬂl[mmﬂl\f:.:.w ."I /
Zof | "B o N e
100~ = . [T
: E — For instance, s' = 6.0/m?, Ap,, = 0.14mrad, with |ys| 3 |z|. .?\W: ,,‘,:m
1 | | | I o9 .
650 700 750 800 850 m e Then the kick makes a vertical displacement at the collimator: _ /) ' \ m/
”ﬂﬂl'l | | |““ | “ | h ill |||‘ |[|| s e
?:H Ay, = R34ﬁpys = 5.7mm (3) . =
& @%gg % g g %E g & 88 888488 % g %% %E RR8 Ryy = \/ByeBys = 40.8m (4)
g g &d ] 56 & 06 o8 3 % 5 & ] %gg
D034 §333°2 Y 2V VR HASLLOLOL &% SO :
TTT T T T T b p W B e This example opties: §,. = 570m, Fy. = 2.9 m.

INFN Frascati 2022

Andrii Natochii
Hiroyuki Nakayama (KEK)

University of Hawaii

Beam BG status of Belle Il at SuperKEKB
CEPC workshop 2022

24



NLC benefits

e Does not affect significantly the TMCI limit

o May be tightly closed while other collimators may be | 1) Although the Belle |l background is below
the detector limit at ﬁy = 0.6 mm optics

opened without NLC, there could be some

e Effectively suppresses Belle Il backgrounds unexpected beam losses and injection
performance degradation leading to the

o Helps to control beam backgrounds leaving more background increase exceeding the

detector limit. Since tightening of the key
collimators reduces TMCI limit, NLC may
unexpected beam losses help to suppress Belle Il backgrounds

keeping the bunch current limit unchanged.

margin for the injection background and other

e Collimates in both planes stopping stray particles due to

beam-gas and Touschek scatterings 2) NLC looks promising for a better be:am

. . o background control at design optics of 8 y=

e Does not require high positioning accuracy 0.3 mm. Even if we are limited to use only
o For B =0.6 mm, ~10 of the aperture change at QC1 one V-collimator, NLC may be used in

y addition without affecting the TMCI limit

DO6V1: 55 um step and effectively suppressing backgrounds —

D02V1: 25 pm step need more studies, ,8} = 0.3 mm optics

with NLC is not available for now.

NLC: 250 um step

Andrii Natochii | University of Hawaii Beam BG status of Belle Il at SuperKEKB | INFN Frascati 2022
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Where’s “TOP” in Belle Il Detector

KL and muon detector (KLM)
Resistive Plate Counter (barrel)

“Scintillator + WLSF + MPPC (end-caps)
EM Calorimeter (E .

Bellel CsI(Tl) crystals ////I

+ new waveform Sampl \ \\\\\ : Time-of-Propagation counter (TOP)
for particle identification in barrel

HER e
electron (7GeV) ‘ ‘

\Jh

g
LER

2 < .V
\ ;' B positron (4GeV)
Vertex Detectors (PXD, SVD a1

2 layers DEPFET + 4 layers DSSD ntral Drift Chamber (CDC)
(Layer2 DEPFET partially installed) e(50%):C2He(50%), Small cells, long

X ever arm, fast electronics

4 erogel RICH (ARICH)
' nt|f|cat|on in fwd-endcap

Beryllium beam pipe
2cm diameter

Hiroyuki Nakayama (KEK) CEPC watk8ho#202 26



Background reduction history

Beam-gas
C(;)ulomb LER
Loss 110GHz
rate
. Beam-gas !
in IR Coulomb HER\!
Touschek LER 40GHz
More horizontal
156 llimat Ip
g collimators near Vertical collimators
= : at small beta_y
<3S Coulomb BG found
o to be dangerous
ol
o
=
S E
RBB LER(e+) 6.9GHz eff
RBB HER(e-) 0.7GHz eff
Touschek HER : GHz
0.1 GH
o — —i
8 = : :|| — — o @ 0.1 GHz
o =) o o o Q 239
~ ~ ~ ~ N N 2 S
. [ N - U
o O o O o
S, v S S v X z &
A a) = = N a) 05
25
IS

Background IR loss rate suppressed by ~1/1000
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MDI design



Interaction region

<Belle-II>

* Smaller IP beam pipe radius
(r=15mm=10mm)

e Wider beam crossing angle
(22mrad=83mrad)

* Crotch part: Ta pipe

* Pipe crotch starts from closer

to IP, complicated structure

* New detector: PXD
(more cables should go out)

1,
N

me o

| VD Topview0r | i
2 | 101207_KOKKE ‘
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IP beam pipe

Belle-II __ * Light material (Be)
5 ' inside detector
T ot - o o T la.... acceptance

-4 L 1
. -Be-SUSIM ;O8I ~ /] * Paraffin (C,,H,,)flow to
: = /Mug fi/ 7 [ .
. = g, remove heat from mirror

S
T

: |\sussoeTemoodiy | .?E’{“ §£Ei5|;: ~ | | _ iz = current (NSOW)
SUS3041nmer thbe B2l ele| = " SUS3041ner tube == ] ~
T o _ =SS B S N— | *Gold plating (~10um)
Z 1 - \ Eeoverane —— %\ \  oninner wall to stop SR
] 900 b 20FFTEE) 1000 ¢ 20F T HF) 38.5 I N_Ta

ﬁHﬁ ° MUCh Simpler Be Shape
T Ti

' Be (also much cheaper)
since we allow Paraffin

Belle eswi and vacuum to attach
EBW IV . EBW Il . —eswboth side of welding
0.254 Top |
SUS
[,
_ Be -
21 - o v
Backward End Forward End
B-2007069-02 Bottom N, B-2007069-50
Tube, outer Be i
B-2007069-06
B-2007069-15 2405 Manifold, forwar
Mod, bac ayama (KEK) I CEPC workshop 2022




Hiroyuki Nakayama (KEK)

Background simulation tools

- Use SAD for multi-turn tracking in the entire rings
- collimator tip-scattering: recently implemented by Andrii Natochii
- Use GEANT4 for single-turn tracking within detector and full simulation

BG type BG generator Tracking Detector full
simulation

Touschek/Beam-  Theoretical SAD [2] GEANT4

gas formulae [1] (up to ~1000 turns)

Radiative Bhabha BBBREM/BHWIDE GEANT4 GEANT4
(multi-turn loss is small)

2-photon AAFH GEANT4 GEANT4
(multi-turn loss is small)

Synchrotron Physics model in  GEANT4 GEANT4

radiation GEANT4 (SynRad)

[1] Y. Ohnishi et al., PTEP 2013, 03A011 (2013).
[2] SAD is a “Home-brew” tracking code by KEKB group, http://acc-physics.kek.jp/SAD/

CEPC workshop 2022

31



BG measurements



Issues: Injection BG duration

-ECLTRG
Belle Il DAQ apply trigger veto after each injection, since the S ~Injection Veto
injected bunch gets noisy for a while
Typical duration of injection BG = LER: ~10ms, HER:~5ms
— Corresponds to 5~¥10% deadtime
— longer veto window > lose integrated luminosity

|

, ‘."'“] a!l‘llllll N

— In 2022 run, duration gets longer after the severe collimator damage “Injection BG duration”
Dedicated machine studies are conducted in 2020 Injection veto window
— Single beam: BG durationcecbunch current vetozoff ﬁ—J—ﬁJ_“_”_“‘
— Colliding beams: BG duration longer than single-beam veoson | o s
9 beam_beam effECt? t=0 (kicker timing) == time(unit =1 reve = 10psec)
— Not only the injected bunch, but also later bunches are lost.
However, “blank-shot” injections don’t give any BG duration — ECLhit LER
. . . 3 g W 7 : Enries 362
= Coupling btw. injected bunch and later bunches? §vi |
Delayed arrival of neutrons generated at upstream collimators? I S
. . L : £ E1 storage beam kick
— Simulation effort to reproduce these behaviors is ongoing 58° =
/g/iy' b ) injection bunch kick
SR Y . s
“blank-shot” injection: kickers are fired but no charge is injected NERRERNREARIGEE © < fu St et o
Time from injection (s)
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A snapshot from a single-beam BG study

Example: LER/HER single-beam study on May 9t", 2020

Beta*y=1mm, LER CW60%, HER CW40%
Lumi BG study

. B o s 5. & 8 LER LER LER HER
H9 ¥9 g3 27 %3 ¥7 By By 7 783 bunch 1565 bunch 393 hunch 783 bunch  1865bunch T agz huneh B BLE
8% 54 =4 ] g2 g4 B9 B9 g3 - gditrig gditrig. — oditrig. ig. trig.
é' b= i o ‘EI .: & é EER
g 2 ] s STz IV Y T T TAY T exp T AERcurrenmemm g
B 3% a4 a LEEIFELEEI FER A (SR LR s G S B s G s S
4 =4 - g4 84 s i 1 HAAM 1Ry Y 1S s
24 5] n o3 a4 =423 4 MAL UL | LA LU (el F oL 1T NIy Y
54 3 - -4 #4 53 B BF A" lmit & DY NJAORY PN V2 vy

* Number of bunches: Nb=783/1565/393.

* As we increase number of bunches, Belle Il BG rates at the same beam current becomes smaller (due
to decrease in Touschek BG)

 Beam size scan is not used recently, since unexpected BG increase was observed at larger beam size.

e (Observed dependency are consistent with the “Touschek+ Beam-gas” model (nho significant indication
of other BG sources)
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A snapshot from a Lumi-BG study
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“Continuous injection” runs

L=1.5-2>1.0—>0.5e34, by vertically displacing two beams (“ibump V-offset”)
Beam sizes slightly changes as luminosity changes

“Beam decay” runs (no injections)

Measurement not affected by injection BG

Measure lumi-BG component by subtracting single-beam BG components scaled
with current, beam size, etc..

Measured Lumi-BG agrees with simulation at the ~10% level in TOP, PXD !!

Also agrees between “continuous injection” and “beam decay” data
CEPC workshop 2022
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Issues: PXD SR during HER injection

Online hitmaps for forward -x modules Carsten
X1041 ®1051 X1261

SR hit pattern on PXD forward -X modules
Became stronger when HER beta* x was
squeezed

Only visible during HER injection
* not observed with “blank-shot” HER

injections

HER horizontal tune adjustment shows no
significant improvement within
acceptable tune range

HER DO1H collimator adjustment didn’t
improve SR

Physics’

|

-
&N
B

PXD SR is not critical right now, but

S —— : we need to keep our eyes on it.

We plan to add gold layer here
for the new beam pipe (2022)
Hiroyuki Nakayama (KEK) CEPC workshop 2022




Recent improvements to simulation

A. Natochii
.. - . Simplified - .
e Andrii Natochii implemented an improved omp ied aperture More realistic aperture in
. . . ; ; the new simulation
framework for beam-particle tracking in wm‘ B
i ! ;
SuperKEKB P '
— New features: apply collimation after particle Sp—
tracking, pressure-weighted beam-gas simulation, . »
custom beam pipe aperture shapes, etc.. | elliippe
i o i Vergs, E ! rivale communication:
* Largest impact: implementation of correct tm% e ,n:k“'m s
O Mag

SuperKEKB collimator shape + tip scattering

—  Particles previously stopped by the collimators can
now reach the IP

'k lakuya.ishibashia keK.jp

Vertical collimator

 Up to factor 1000(!) increase in simulated Y — e i -
. E Not wide : : Meanx  0.003467
Belle Il detector rates, resolving a 0nE €NOUgh? m— igeny 00uess2
longstanding HER data/MC discrepancy EZZ | SDevy 0003846
* Surprisingly, largest effect from collimator fgo.m;_
shape change transverse to beam axis S EtTRe e
. . . . Q-0.01 \
—  This may imply we could benefit from wider g £ /
collimator heads for HER D1V1, in plane transverse > 0% Oldaperture
to beam = should be studied (kick factor, etc.) s Simplated-pedin hpio
-0.04— I *—  New aperture
00 e o a0 o T Y R

0 ‘ ,0.01 ”0.0
Horizontal Axis 0[m]
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Mitigation ideas: Bellows shielding

Hot Spots around IR from VO analysis

* Toreach design luminosity, we need L
further background mitigation. 3 .|

==

s

* One of ongoing project is an
additional shield around bellows
pipe where we see “hot spot” in
data (also seen in simulation).

 Showers generated at z=1m leak
out to the detector from the
bellows part, where we cannot put

Very little shielding A large beam loss
% around bellows pipes  in QCSR LER pipe
(the biggest hot spot) T

\ .
I =

enough shielding due to inner it o s IP Chamber ungsten shield """
d et e Ct or ca b I es VO vertex distribution for Inv-M>550MeV

* Shield design is ongoing. The beam e _ Shielding of bellows pipes _
loss simulation predicts LER IR 2 B in . N ¢

(e )
coulomb bkg can be reduced by £
53% (CDC), 28% (TOP) with this
shield. Also effective to suppress
Lumi-BG.
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SuperKEKB beam backgrounds



1.Touschek scattering

Intra-bunch scattering : Rateoc(beam size)?,(E,.,,)7> { r.;l]
Touschek lifetime: should be >600sec (required by injector ability)

- ring total beam loss: ~375GHz (LER), ~270GHz(HER)

Countermeasure: horizontal collimators in the ring

— collimators added at 0~200m upstream IP are very effective
— only O(100MHz) loss inside Belle Il detector

Horizontal collimators are installed where beta x or eta_x s large

d, =Max[d,,,d, 1, d,=n.&8. d,=nn,05)



[ ] ej:
2.Beam-gas scattering |
Wi
Coulomb
* Scattering by remaining gas, Rate o<IxP £
* Due to smaller beam pipe aperture and larger O

maximum Py at SuperKEKB, beam-gas Coulomb scattering
could be more dangerous than in KEKB

2 2 oR: cross section of the scattering
1 477'- Z Z Te 1 Z: atomic number of gas nucleus, ng: =2P/k,/T
— = cng(og) = cng

2 2
TR 14 0,
KEKB SuperKEK
LER B LER

e Countermeasures: Vertical collimators in the ring QC1 beam pipe 35mm  13.5mm

radius: rocy

¢ Very Narrow (<~2mm) CO”imatorS Max. vertical beta 600m 2900m

« TMC instability issue at high current (in QC1): Bycs

. . Averaged vertical 23m 50m
* Need to install where beta_vy is rather small beta: <B,>
Min. scattering 0.3 0.036
angle: 0, mrad  mrad
Beam-gas Coulomb  >10 35 min
lifetime: T4 hours
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Where should we put the vertical collimators?

Collimator aperture should be narrower than QC1 aperture.

ST < Focs o = [ A

TMC instability should be avoided. Iranzv:erseModegoupling
instability

Assuming following two formulae:

C,f.E/e
> 1.44 mA/bunch (LER)

thresh — k
lBi Li (O-z ) taken from “Handbook of accelerator
i physics and engineering, p.121”

Kick factor kL = O.215AZOC

(in case of rectangular collimator window)

=

d[m:"

Collimator position

"l vc

Aperture

:/ dmaXOC,Bllz

beta[m]

2/3
dmin oC /8

We should put collimator where beta vy is rather SMALL!

For more details, please check out following paper:

H. Nakayama et al, “Small-Beta Collimation at SuperKEKB to Stop Beam-Gas Scattered Particles and
to Avoid Transverse Mode Coupling Instability”, Conf. Proc. C 1205201, 1104 (2012)

Hiroyuki Nakayama (KEK) CEPC workshop 2022
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4. Luminosity-dependent background

Radiative Bhabha scattering

_ RateocLuminosity (KEKBx40) E\J’/{L
— Spent e+/e- with large AE could be lost inside detector %
due to due to kick from detector solenoid kick o ~ 50 nb
(even with separate final focus magnets for each ring) /\)
— Emitted y hit downstream magnet outside detector Bhabha scattering
and generate neutrons via giant-dipole resonance
Q+
2-photon process 7 .
— RateocLuminosity (KEKBx40) ° e
— et+e-> et+e-et+e- y\ o ~ 0(10"nb)

— Emitted e+e- pair curls by solenoid
2-photon-processes

and might hit inner detectors multiple times




Simulated IR beam loss distribution (design luminosity)

- " 15th campaign
© (2017)

=
™

BN CEBBrem
——— BHWide
=== TwoPhoton
I CoulombiLEM)
I CoulombjHER)

B Touschek(LER}
Touschek(HER)

LER(e+)

Loss wattage
=
o

=
—

* energy of loss particle

“Loss wattage [W/8cm]”
loss rate

~4 -3 ) -1 0 i 3 4

2
Loss position z[m]

| LR (dseves) HER (7GeV e

Lumi-dependent BG BBBrem: 1.08 W (0.06 W in |z|<65cm)
BHWide: 0.11 W (0.04 W), 2photon: 0.14 W(0.11W)

Touschek 0.27 W (0.42GHz) 0.04 W (0.03GHz)

Coulomb 0.06 W (0. 10Hz) 0.00 W (0.002GHz)
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Final focusing magnets

Qc2

Qc2 KEKB Qcl

e+ L, 0F22mrad oo ﬁ a -
P e

" IP
Qci
SuperKEKB
- _ ac2 "
Qc2 0 =83mrad

Qc1

Qc2

jo]
(@]
N
—
)
jo
(@]
=
—
)
(@]
[
o)
m
jo
—0
N
X
m
||
53

A1 E IRON IRON QCI1LE QC2RP IRON

* Larger crossing angle 0 than KEKB
* Final Q for each ring=> more flexible optics design

* No bend near IP—> less emittance, less background from spent particles
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Spent e+/e- loss position

LER(orig. 4GeV)

after RBB scattering

HER(orig. 7GeV)

x10' _ X0 .
E so0[- 5 E E E E L ; '
g T e+ | 0.0<E<0.2Gev 2 300 Seaicsy |
o0k | 0.2<E<0.4 £k eas | 1
g | | ozt - B
B -] - E 0.4<E=<0. ;
E C = 0.4<E<0.6 ; E B 0.6<E<0.8
g 300— - 0.6<E<0.8 o Emz_ ;u.u<E<1.0 .
- - 1.0<E<1.5 '
- - |— 0.8<E<1.0 150  |E=q5<E<2.0 +
200— T |—20<E :
C B 1.0<E<1.5 o ——
- |7 1.5<E<2.0 -
100 : : : 50—
BN VOO SOV o U P

2
Loss pnsiti?bn z[mi|

1 2,
Loss posnti?un z[mf

If AE is large and e+/e- energy becomes less than 2GeV,
they can be lost inside the detector (<4m from IP), due to
kick by the 1.5T detector solenoid with large crossing angle(41.5mrad)

Hiroyuki Nakayama (KEK)
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Beam orbit after RBB scattering

X : positive=ring outer, y: positive= Ia'ownward
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MDI design



How to cope with those beam BG?

SuperKEKB horizontal collimator

* Movable collimators

— Horizontal collimators at arc sections Ramp
. . ~12°
and the straight section near IP Tungsten
for Touschek BG head Cooling
— Very narrow (~<2mm half width) channel
Tapered
vertical collimators for Beam-gas BG beam Bellows
pipe

 Shielding structures
— Thick tungsten structures inside final focus

cryostat and vertex detector volume «
— Stops showers from beam loss -

aomE= oy

“hot spot” Y% at ~1m upstream s e o e

from IP (maximum beta_vy ) ______H <
e+

— Polyethylene shields for neutrons =« %t’flihgét‘ég’”n‘ S—

(15~70mm t)

Hiroyuki Nakayama (KEK) CEPC workshop 2022
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Tungsten shields inside final focus cryostat

tungsten (15mm t) tungsten + inside VXD volume

=/ (20~70mm 1)

T

— [

= o 1
—9'-.=“ < *

wl\/lajor beam loss position Thick tungsten shields can significantly stop
by Touschek or Beam-gas background showers originated from |s|>65cm.
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~

Heavy metal shields to protect VXD

/ \—I from showers generated in cryostat
/ /| hield
/ v . Neutron shield to protect HAPDs in ARICH
f T~ A CDC — (Boron-doped Polyethylene)
pLron — A
i —— SRR ORKT ECL shield, for included for
[ \ Ve —— 1 (Lead + Polyethylene)

[ Remote Vacuum Connection structure
in front of QCS reduces showers from
m— 0 RBBloss at |s|~60cm (6cm-thick %LlJS)

Hiroyuki Nakayama (KEK) CEP!vorkshop 2022



Interaction region

<Belle-II>

* Smaller IP beam pipe radius
(r=15mm=10mm)

e Wider beam crossing angle
(22mrad=83mrad)

* Crotch part: Ta pipe

* Pipe crotch starts from closer

to IP, complicated structure

* New detector: PXD
(more cables should go out)

1,
N

me o

| VD Topview0r | i
2 | 101207_KOKKE ‘
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IP beam pipe

Belle-II __ * Light material (Be)
5 ' inside detector
T ot - o o T la.... acceptance

-4 L 1
. -Be-SUSIM ;O8I ~ /] * Paraffin (C,,H,,)flow to
: = /Mug fi/ 7 [ .
. = g, remove heat from mirror

S
T

: |\sussoeTemoodiy | .?E’{“ §£Ei5|;: ~ | | _ iz = current (NSOW)
SUS3041nmer thbe B2l ele| = " SUS3041ner tube == ] ~
T o _ =SS B S N— | *Gold plating (~10um)
Z 1 - \ Eeoverane —— %\ \  oninner wall to stop SR
] 900 b 20FFTEE) 1000 ¢ 20F T HF) 38.5 I N_Ta

ﬁHﬁ ° MUCh Simpler Be Shape
T Ti

' Be (also much cheaper)
since we allow Paraffin

Belle eswi and vacuum to attach
EBW IV . EBW Il . —eswboth side of welding
0.254 Top |
SUS
[,
_ Be -
21 - o v
Backward End Forward End
B-2007069-02 Bottom N, B-2007069-50
Tube, outer Be i
B-2007069-06
B-2007069-15 2405 Manifold, forwar
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