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LumiBelle=

Luminosity Monitoring for Belle II

Luminosity monitoring:
two complementary techniques

LumiBelle2 ZDLM (Zero Degree Luminosity Monitor)

Both measure photons, recoiling electrons or positrons from the extremely forward-angle
radiative Bhabha scattering, which has a large cross section (0 = 200 mbarn).

*Single crystal CVD diamond sensors;

*4x 4% 0.5/0.14 mm3;

*Cherenkov and scintillator detectors;

*15 X 15 X 64 mm?3 ES-crystal (quartz) and LGSO

- non-organic scintillator ;
* Fast charge/current amplifiers; g !

* Digital electronics. * Photomultipliers;

GOALS:

*TIL (Train Integrated Luminosity): 1%
relative precision at 1kHz;

* Analog electronics;

]

16—

*BIL (Bunch Inteﬁrated Luminosity%:
Hz;

monitoring with 1 % precision at
. . ) Case outer size:
* Large dynamicrange with high SNR : 25x25x121 n " N n .T'Z.
L=103%2—-103°cm2s71 ':herenkov/Scintillator
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LER (positron) side LumiBelie=
. um|n05|ty onltorlng or pelle
experimental setup

*Signal: Bhabha positrons LumiBelle2 @ LER

*Background: Bremsstrahlung positrons, Touschek
positrons

*Platform: 11 m downstream of IP
*3 sensors aligned

*Special beam pipe with window + radiator
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HER (electron) side LumiBelie=
. uminosity Monitoring for Belle
experimental setup

*Signal: Bhabha photons

*Background: Bremsstrahlung photons,
Touschek electrons

*Platform: 30.5-30.8 m downstream of IP

*3 sensors: up, down, side
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Signal processing LumiBelie=
. uminosity Monitoring for Belle
algorithms

Sampling on the signal sequences at 1GHz:

ACQUISITION (ADCx4, FPGA, DACX8)
FAN (Middle)

SYNCHRONIZATION (127MHz) + RPI3

ue T T T T T T T T T

r_u FAN (Bottom)
[
.E s — DS0S245A
v
it
T e e e £ T e e e I L o e e e S e N o O O T e A A (S R A U U A R 0 0 | e SR (EPICS 10C )
“ ’ ) ’ ) Time i ’ ) ’ )
° TIL: *RAWSUM:
ifS[(—1)x2+1]—=S[(i —1) X 2+ 4] > threshold: if S(j) > threshold:
TIL+=S[G— 1) x2+1] =S[(i —1) X 2 + 4] Rawsum += S(j)

e TILand RAWSUM represent different ways to calculate the luminosity from the measured signal .
* No trigger + Synchronization ----- > Continuous monitoring, averaging at 1 kHz.
* EPICS PV with measured luminosity are continuously provided to the SuperKEKB control room.
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LumiBelle=
Luminosity Monitoring for Belle II

Background study

SIMULATION FEATURES:
o Bremsstrahlung, Coulomb, and Touschek scattering;

o Detailed simulation of pressure profile and chemical composition of
vacuumgas (Zgsr = 4.2 —4.5). J. Carter (ANL) and M. Ady (CERN);

Measured vs Simulated Rate
120

Rate (Hz)

—=— Measured rate /l'

199] —s— Simulated rate L

80

60

HER:
° The only significant rate comes from Bremsstrahlung photons;

> Electron rates from Bremsstrahlung, Coulomb, and Touschek are
negligible(«< 1Hz);

40
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SKB_HER_current (mA)*SKB_HER_pressure_avg (Pa)

-

LER: g [ [—Exp. rate -‘H“
. . pe . 8100—|— Simu. rate A
o The most significant rate comes from Bremsstrahlung positrons; g | [
- ‘-i"" :
o 10% of the rate from Touschek effect; sop LER
> Positron rate from Coulomb scatteringis negligible; 6ol pr=
i 2ol
@® 40_ -'3-:7 I ndf
e:t(p - / - e s ] 11.64/9
o ° 4 o oo
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LumiBelle=

Luminosity Monitoring for Belle II

First luminosity measurements
25 April 2018

— CHZz=2_TIL

—— CH3 Rawvwsum
CH4 Rawvwsum

e Z2zdlm 2

—-—  CH1_ Rawsum
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VERTICAL SCAN PHASE SCAN VERTICAL SCAN PHASE SCAN

*First Bhabha events measured on April 25, 2018;
*Vertical and phase (longitudinal) scans were performed to find the optimal position of the beams;
*The 4 detectors LumiBelle2 and the ZDLM work well and are in agreement;

*We successfully measured and provided the luminosity from the first collision to the end of
Phase 2 (July 18, 2018).
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LumiBelle=

Luminosity Monitoring for Belle II

Correlation with other monitors:
/DLM and ECL

*We observe good correlation between our
channels and with other luminosity ZDLM ECL
monitoring devices on a day-by-day basis or

shorter time scale; T ook T E ' T ' 3
r‘% 035 = § 1200i E
. . . 3 E E 3 n .
*Long term variations in SNR and relative T 0% ER 3
sensitivities are seen and can be explained by LB2 LER Fozs ER S E
changes in beam conditions and changes in 3 E 3 E
our setups in terms gains, position of the £ E : .
= E 400(— ]
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LumiBelle=

. . Luminosity Monitoring for Belle II
Bunch-by-bunch [uminosity

/DLM LumiBelle2 8% spread in bunch luminosities
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Beam size estimation through

ve
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Ale=
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Simple geometrical result

obtainedintegrating Gaussian
distributions with vertical offset
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LumiBelle2 precision/dose ~ LUMIBEIE=
. . uminosity Monitoring for Belle
and luminosity

HER: * We need both HER and LER to cover the whole range of SKB
o Initially low precision; luminosities (1032 => 103°) and cope with the accumulated
> Position change in Phase 3. dose and any unexpected issues (noise,...);
> Low dose expected in Phase 3; * HER precision will be improved by changing the position of the
diamond sensors;
LER: * LER diamond is motorized and can be moved to receive a lower
o High precision; dose;
> Noise issue in Phase 2; e Simulation study shows that 1% level precision is enough for
o Potential high dose issue in Phase 3. horizontal IP orbit feedback with dithering technique;

* Fraction of cross section intercepted is 1%/0.001% for LER/HER.

350 CHARGE COLLECTION EFFICIENCY
I (S. Schuwalow, DESY) Luminosity AL/L % 1ms | Dose (Mgy/h)
= 1MGy HER/LER HER/LER

CCD [um]

: Experimental =% Phase2 2 X 1033cm™2s~ 60/2 4e-7/4e-4
wof- Prediction =% Phase3 1 X 103*cm 2571 30/1 2e-6/2e-3
5201_, Prediction =% Phase3 8 x 1035¢m 2571 3/0.1 le-4/0.1

5000
dose [kGy]
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LumiBelles2

Luminosity Monitoring for Belle II

HER Phase 3 update

* A potentially better position was found by detailed tracking
simulation of photons inside HER beam pipe;

* The new position is expected to have a rate ~10 times higher;

* To place the sensors in the new position, new special holders
were designed at LAL (Y. Peinaud);

* Fraction of cross section intercepted is now 1%/0.01% for
LER/HER;

* 1% precision for HER is expected at design luminosity.

htemp ; A EXIT POINT

Entries 100000 ¢ , ! 28.08 m
Mean 27.96 |
Std Dev 0.5963

old f
- position HER/LER HER/LER

25000

20000

15000

ot j Phase3 1 x 103%cm™2s™ 10/1 2e-5/2e-3
e Phase3 8 x103°cm2s1 1/0.1 1e-3/0.1
s(m)
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LumiBelle=
Luminosity Monitoring for Belle II

Conclusions and plans

Conclusions Plans

* Reasonable agreement with simulation for single beam *Increase HER signal rates, we have identified and will use
backgrounds; better location for Phase 3;

* Provides useful online luminosity information for SKB * Faster charge amplifiers & lower noise current amplifiers;

machine tuning (e.g. IP beam size tuning);
*Long term DAQ solution, possibly with a few more

*Good correlation with other luminosity monitors; channels;

*Provides bunch-by-bunch luminosities. *Shielding / protection to mitigate activation on LER side

under study;
* Application: evaluate mean o, 0f beams at IP by vertical

offset scans; * Ability to easily vary signal acceptance to keep few %
precision @ 1 kHz over 1032 - 103® cm™2s71;
*Provided our measurements as input to horizontal IP orbit
dithering feedback: 1st test was successful; * It will be important to limit accumulated radiation dose;

*In Phase 3 and over the life of the Belle 1I/SKB project there
will be more remote operations, with less human resources
and less presence at KEK. LAL is committed to that, now as
part of its participation in Belle Il.
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BACKUP
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LumiBelle=

Luminosity Monitoring for Belle II

SNR and absolute calibration
stability during Phase 2

» CH1 (HER)
*The SNRis large for LER, while small for HER. The LER was the most performing o j o et
side during Phase 2; 5 50;_ ] ® CH4 (LER)
wok ) ; } E
*The fluctuationsin SNR are due to changes in pressure, which result in changes of - . . A
beam-gas background rates; s * *f - R -
E e ] ., .' 1 . E
*The LumiBelle2 is designed to measure relative luminosity butit can be 200 o * o o2 E
calibrated; g I *e E
B . ® LI
T o | L.
*The calibration hasto be performed frequently, since it depends onbeam e -.06}2: '0?/05 .
conditions and changesin our setupsin terms gains, position of the sensors,
thresholds, etc. . , s Gz (LeR
% E ' "| ® CH3 (HER)
LumiBelle2CH# | SNR____ | Calibrationfactor [N PRI
-% 1033§ :: b » E
CH1 (HER) 6+4 2+3x1033 - M TL . . : :
s [ £ ° ]
cc\]: 10%2 = ¢ u:. ..' ® 3
CH2 (LER) 23+ 10 3+4x 1031 8 C . o+ "t
31; o QQ.“ é. » * » —_
CH3 (HER) 745 34+ 2x 1032 10l 4T e e belt e
CH4 (LER) 27 + 10 4+ 4 x 103° 0°E, * geety,  lte | |t o
05/31 06/07 06/14 06/21 06/28 07/05

W)
L
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S.DI CARLO, JENNIFERCONSORTIUM GENERAL MEETING, PARIS, FRANCE, 30 OCTOBER 2018




LumiBelle=
Luminosity Monitoring for Belle II

Background sources

: e*(p
Coulomb scattering: P
. e*(p)

> Proportional to vacuum pressure and beam current;

o Important globally but negligiblerate at LumiBelle2; Coulomb a
Bremsstrahlung scattering:

> Proportional to vacuum pressure and beam current; + &

’ e
) e

(@]

Largest source of background for LumiBelle2 in phase 2; L\'\w
Photons measured on HER (e-) side; o
Bremsstrahlung

Positrons measured on LER (e+) side;

o

@]

Touschek scattering: ®
o Proportional to square of beam current; —4 @©@ ®

° Inversely proportional to beam size;
o Sizable ratein LER LumiBelle2 for Phase 2. Touschek
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LumiBelle=

Luminosity Monitoring for Belle II

Background
measurements (HER)

SKB_HER_pressure_avg vs SKB_HER_current

- SKB_HER_current vs Time . x10®
A-B (current-rate vs time): Z ook \\\ \\ =N\ € ~
, = ioof | 2 g3 e
o Rate (B) well correlated with SKB gmx \ i 5 C e
3 100" ' i S 570 -
current (A); & g M -
. I| 605 E] 36— 7,——-’: Meany 3.623¢-08
> Rate is due to beam background. Su A i — sooer 2
@] 40:— [ N zl 35: = i .
2E ; b sal
C (pressure VS current) 0 0g11n 08-14n 08-17h 08-20n 08-23h 09-02h 09-05H_ Cas it Uiss a0 s a0
) Time SKB HER current (mA)
o Pressure proportional to current;
. CH3_Rawsum vs Time _Rawsum vs )| _curren * | ressure_avi
> Gas desorption due to SR. —— g ST IR e +
> [ " LT " Mean y 0.1387 > =
E :hlu A t‘w ' U saney 2dsten0s| 4 E B | H
. § 0.2;‘\"1 W0 ‘m| % . |sdpevy oosar by S 024? D | ﬁﬁm’mﬁ
D (rate vs pressure X current): 20w N L |
. go G W
o Rate proportionalto] X P; g - . g 02 " +'HH+++'M
LA g - Fods i ey 1o
> Background from beam-gas 2o B g ++++H4+J‘ Hi B o
. o et e, I StdDevy 0.04983
scattering. | A o6l s

me
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LumiBelle=
Luminosity Monitoring for Belle II

Dithering feedback system
* The dithering system makes one beam to oscillate around I - TAX

its orbit as Ax ;5= p sin(2mtft) with frequency f =77Hz;

* Luminosity oscillates and Fourier components give

information about the relative position of the beams; et o < e-
* If|g| > p FT peaks at 2f, if |q| < p FT peaks at f;
; 2
* Relative phase dithering-luminosity gives sign of Ax; £ Ny N> — [q + p5fn(2ﬂ‘ﬁ.‘)]
L(t) . rev IN11V2 e ( 4 )
Amoxay,
Current lg|>p goes up and down on
Luminosity POsition a side 2 §
S £
dithering lgl<p goeiover across the % g
ip pea :
: T A A A A A AN
g Enga- |
— . ) 0.97 - - - - - - L L . Y
q Ax = q + p Sln(ZT[ft) — a 0.0l 0.02 LRk 0.04 ti&-?:;s 0.06 0.or 008 0.09 0.1
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Fast luminosity monitoring ~ LUMIBEIE=
uminosit On|t0r|ng or belle
at SuperKEKB y

*Horizontal drifts and vibrations of the beams can °Fast Iu.minosit% monitoring is required for the
cause a significant luminosity degradation; dithering feedback system;

e E TS =y *Forward radiative Bhabha events have a very large
N\ cross section (o =~ 150 mbarn);

1E-14
1E-15
1E-16
1E-17
1E-18
1E-19
1E-20
1E-21
1E-22
1E-23
01

PS D(m¥/Hz)

*The rate of Bhabha events is proportional to the
luminosity;

dN/dt = ol

Frequency(Hz)

*A dithering feedback system is used to monitor  <LumiBelle2 is a fast luminosity monitor that
and control the horizontal position of the beams;  measures Bhabha events using diamond sensors.
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Diamonds sensors LumiBelie=
. uminosity Monitoring for Belle
and amplifiers

) C 0
* Wide band-gap (5.5 eV) semiconductor devices; S
* Strong atomicbond (radiation resistant); Bandgap (eV) 547 High temperature
* Radiationdamage above = 1MGYy; Breakdown field (MVem-) 10 High voltage
* H Igh d rlft VeIOCity (fa st d etecto r)' Electron saturation velocity (x107 cm s-1) 2 High frequency
Hole saturation velocity (x107 cm s-1) 0.8
Electron mobility (cm2 V-1s"1) 4500
ZoHn /4098 Hole mobility (cm?2 V-1s-1) 3800
Thermal conductivity (Wem=1K-1) 24 High power
SUPERKEKB COLLISION PERIOD = 4ns £ ™ I CHARGE COLLECTION EFFICIENCY
. / i\ i (S. Schuwalow, DESY
140/500 um diamond + CURRENT/CHARGE = (-«—\ 101 FWHM o 1MG
AMPLIFIER: - M| =g IMGY
£
<
*Shapingtime: 4/10 ns
*Threshold: 10/5 mV S — ; o
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Beam H-V offset and LumiBelie=
. . . uminosity Monitoring for Belle
luminosity degradation

HORIZONTAL OFFSET FEEDBACK lil

* Dithering system inherited from PEP-II; 88

* 8 sets of coils (H/V) on LER, dithering at f=77 Hz, max horizontal bump 50;; é’ 8%

* Fast luminosity monitors (LumiBelle2, ZDLM), 1 kHz; — 82

* Lock-in amplifier to extract luminosity components at f, 2f; 82

VERTICAL OFFSET FEEDBACK 0.]0.

* 4 beam position monitors (BPMs) at 51 cm from the IP in HER/LER, 32 kHz; 1.05

* 4 electrodes for each BPM at 10.5 mm from orbit;

* 25 Hz vibration 2 Ay = 18.6nm (rms) = luminosity drop 4.6%; 3 0.9

OFFSET CORRECTION (H: 1 Hz; V: 100 Hz) 309

* 12 corrector magnets (8V, 4H) on HER with max kick 50 urad,; 0.85- \\\ K. Ohmi (KEK) -
* Ultimate goal: suppression of luminosity loss to below 1% in both H and V. 0.8 \“ ' ' '

0 50 100 150 200 Ay(nm)
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LumiBe_Ilee
S u pe 1 K E K B Luminosity Monitoring for Belle Il

SuperKEKBis an asymmetric-energy and double-  FIGURES OF MERIT: UPGRADES:
ring electron-positron collider. o Ep+ = 4 GeV > Nano-beamscheme
It is the upgrade of KEKB with a luminosity 40 v Ee- =7 GeV > Doubled currents
times larger than its predecessor. o L =8x103cm™2s~
SuperKEKB SuperKEKB SuperKEKB | SuperKEKB SuperKEKB
Phase 2.1 Phase 2.2 Phase 2.3 Phase 2.4 Phase 3.0
HER
o, (um) 103 116 20 30 23.2 303 164 214 164 214 10.1 10.7
03’,‘ (nm) 1900 1900 1300 1920 476 743 252 393 126 197 48 62
I (mA) 1637 1188 250 220 1000 800 1000 800 1000 800 3600 2600
L (103*cm™2%s71) 2 0.1 “_ 1 2 4 80
CURRENT

Pcross = 41.5 mrad -

GPcross = 11mrad
PHASE
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LumiBelle=
Luminosity Monitoring for Belle II

Pressure profile around the IP

SuperKEKB IR total pressures
* Totalindicates sum of H,, CO, CO,, and CH,
. 1.E-04
partial pressures
* Asymmetric because of synchrotron radiation
» Total pressures at 1000, 10000 A*hrs, | =3.6 A
—Positron 1000 A*hrs
1.E-06 - - - Electron 1000 A*hrs
0 —— Positron 10000 A*hrs
outgassing vs conditioning time Q
. e cndnnet E -~ - Electron 10000 A*hrs
- % 1E-07
\ - v
1E04 e e o
CH4
g s ~+-Total LE08
% \ 1.E-09
Jason CARTER — Argonne |
H 1E-10
N atl O n a I La bo rato ry . -1500 -1000 -500 0 500 1000 1500
Marton ADY - CERN " 1000 e 10060 100000 Distance (cm)
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LumiBelle=

Luminosity Monitoring for Belle II

(Gas composition

CH4 :0.009251 \

CO :0.086536

CO2:0.138069 .

Di = Pi/Piot

H2 0.757229
CO2 0.138069
0] 0.086536
i CH4 0.009251
m W mco Mo -
zjbjzf*ln(il)
Zger* 1“( - %) = 5.1, N ;o b =Z; XiviNi 5 ZesrprEmMs ® 45 5 Zefrcoun = 4.2
Zeff

Index i runs over molecules, index j runs over atoms. Z; is the atomic number of an atom in the molecule
and N; is the number of atoms in the molecules.
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