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« BELLE 2 and SuperKEKB

« SuperKEKB Schedule
> BEAST phase |
> BEAST phase |l
> BEAST phase I

- Results from BEAST phase | -> background studies

> Touschek background

> Beam - gas background

> injection studies
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Phase |

<

Phase |l
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Phase | COMPLETED! Phase II
* Circulate both beam, no collision. e First collis
Limited LER, HER beam currents TSt cOTIsIons
(up to about | A) * Beam abort development
* Optics study * Tune accelerator optics
* Vacuum scrubbing * other beam background studies
* Beam backgrounds study
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Coulomb scattering between beam particles and residual gas in beam pipe

Vacuum scrubbing
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Beam background in the HER vs time

LYSO hit rate at box F2 for during HER stores. Fits: Rate = p2 x I
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Inj. BG

No inj. BG

Startloosing life at 16mm, as

e  —  T— prediged by simulavep.. . ...,

in this case Csl and LYSO are most sensitive BEAST detectors

* width changed from 24mm to |7mm

* narrower collimators -> decrease of the

clear evidence of BG suppression

background seen by CSI

by the collimator
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Touschek study (intra beam effects) INFN
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Coulomb scattering between two particles in the same bunch

run 2006
D 12 ¥ | ndf 0.08508 / 2011
&L p0 0.02222 = 0.0005321
5 pt 1.722 = 0.02538
E 0.1— Di
20 iamond current vs
- . | inverse beam size:
0.08}— i Linear fit, intercept
i | i p0 = (0.0222 + 0.0005)
sl nA extrapolation to pure
' i beam-gas contribution
i Al(nA)
0.04—
» ' ' A 1 A A A A l ' A A l A A ' 1 A L ' A A ' i A + TOUSChek
0 0.005 0.01 0.015 0.02 0.025 0.03 PO F=-----------
HER Inverse Beam size (X-ray Monitor) [um] beam-gas
Just one example for HER and diamond BW_180: 1 /G>
beam vertical size = {90 um, 75um, 51um, 46um, 42 y
umj}
| HER = 160 mA

Evidence for Touschek BG contribution !
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HER Vacuum study

Coulomb scattering between beam particles and gas in beam pipe

‘Diamond BW_180 Diamond current vs | HER x Pressure
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HER:Vacuum bump in all position have impact on BEAST BG
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Hit rate (H2)

LER Vacuum study o
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Coulomb scattering between beam particles and gas in beam pipe

' Run 5001: Crystal hit rates as a function of IxP .
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LER:Vacuum bump near interaction region sections has impact on BEAST BG
but other position did not
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| Injectiqn study B

- SuperKEKB will operate with continuous injection

- after injection pulse more background in the detector

* blocking triggers for 4 ms

» To reduce dead time the DAQ is blocked for 4 ms only for the

Injected bunch only

-> |mportant phase: injection studies
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Csl crystal/CLAWVS scintillator observed interesting time structure
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~Beam abort thresholds (1/2) (NFN

Preliminary study from diamond sensors
Diamonds: Abort Buffer Memories

* diamond current will be sampled and digitized at 100kHz

* several levels of running averages are computed providing an effective digital filter

Present configuration of revolving Abort Buffer Memories
to be improved with really “running sums”

Mem 1 Mem 2 Mem 3 Mem 4

data buffered in
—> | memories of different

) zlooo | }_ :> """" o / depth
Do |

2100 I }

-

\ 4

Sum 1250 x 100 Sum 1250 x 5000 Sum 1250 x 100000
Sum 1250 ADC samples  ADC samples ADC samples ADC samples
every 10 ps every 1 ms every 50 ms every 1s
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Buffer memories: snapshot example

Example of snapshot of Buffer Memories (Mem1 to Mem4) for Dia3=8BW 0
in stable beam conditions, with average |(BW _0) =1.5nA
Noise decreases with increased averaging, from about 0.47 nAto <0.04 nA
OK both for fast (10 ps) and slow (> 1 s) beam aborts with appropriate thresholds

100000 entries
1 s history
o0=0.47 nA

1000 entries
50 s history
o0=0.047 nA

-
3

OnA “

T4

BW_0 Mem1l |
N

;J‘ .\w\

/A

[-ang ‘/ ‘

R o
3

B

BW 0 Mem2 |

i

M

S o

1000 entries
1 s history
0=0.18nA

BW_0 Mem3 f=

'3nA | OnA

BW_0 Meméd +——=

5

|l

100 entries
100 s history
o=0.034 nA

S

13nA
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__Conclusions.

e e —a ——————— ————

> BEAST phase | concluded

> Background level measurements:
- Touschek background
- Vacuum bump study

- Injection background

> Other studies performed:
- Collimator

- beam abort thresholds (preliminary study for diamond sensors)
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Diamond sensor response
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" : INFN
Diamond Sensors in BEAST phase1 (7
LER only: 2.5 nA LER only: 0.3 nA some uncertainties on the position
HER only: 0.1 nA HER only: 0.4 nA dominated by (0,0,0) position
LER+HER: 2.6 nA LER+HER: 0.7 nA Az =+/-2cm
Ay = +/- 1
FW_180 (PV Dia0) BW_180 (PV Dia2) y cm
DM7 Z=+10cm DM5 Z=-12cm
DC3: sCVD, CIVIDEC
metallization
HER (Ti + Pt + Au)

< D4, DNS: sC\(/gl,)Micron
metallization
T
' LER
DM7: pCVD, Micron
metallization (Al)
FW_O (PV Dia1) BW_O (PV Dia3)
DC3 Z=+10cm DM4 Z=-12cm 1nA->2-8 mrad/s
LER only: 0.08 nA LER only: 1.2 nA
HER only: 0.08 nA HER only: 0.1 nA .
LER+HER: 0.16 nA LER+HER: 1.3 nA volume: (4.5 x 4.5 x 0.5) mm?

19
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CVD sensors: tests and calibrations (™"

— e __ — —_——

* Sensor characterization
(0) Preliminary test: dark I-V characteristic
(1) 1-V with B 90Sr source at different distances (fluence)

(2) Measurement with single electron (1-2 MeV, source °Sr + magnet):
Charge Collection Efficiency

(3) TCT measurement with a source: uniformity of the material and mobility (e, h)

(1) (2hw (3)

| I Oscilloscopio
. [} /—1 W | >

N
(@)
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Analog front-end
picoammeters

transimpedance amplifiers

16-bit ADCs, 130 MHz
oversampling

2 selectable current ranges
Digital section: Stratix |Il FPGA
Running averages (4 levels)

Programmable abort
thresholds, depending on
machine status

Timing & Control
External RAM, Ethernet
DAC for HV module control

From 4 diamond sensors

Ext. Clock (100 kHz)?
Abort from SuperKEKB Thresholds
Timing buffer etc.

INF
(

Circular
Buffers

Sums
2 Abort Levels

~ (for each
~ input channel)

ADC

Ethernet I/O

I
T
®
>

SuperKEKB status

to SuperKEKB to 4 sensors

LabVIEW program
Monitoring readout at 10 Hz
Connected to EPICS, archived at 1 Hz

Abort buffer memories read out
on request on a separate channel
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Comments on Rad. Mon. & Beam Abort

* In Phase 1: limited LER, HER beam currents (up to about 1 A)
The 5 nA range for diamond currents was mostly used
Monitoring at 10 Hz: 0.1 s average: sensitivity of a few pA'!
Clear correlations with beam currents and vacuum conditions
Participation in all background studies (see examples in back-up slides)

Precision (0.5 nA on the shortest 10us time scale) OK for reliable fast and
slow aborts

Off-line analysis of correlations with machine-initiated aborts is ongoing

» Larger beam currents in Phase 2 and 3
The larger diamonds current range (5-10 pA) will be used
Some pilot data taken in Phase 1, under study

After some optimizations, a reliable Beam Abort can be set up, already
with the existing prototype electronics
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