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The B Factory Legacy

1800 | | | ! ! |

B KE KB + PE P " Nobel prize to KM

1600 Decisive confirmation of CKM picture

1 >4 ,
-1 Evidence of D9-DP
~ 1 . 5 ab v enchcL)gs 211803 mixing /

PRL 96 221601

1400 — .

B Euid B>y The Physics of the
1200 — VICCTRRL 67 251802 $ g TExcess in R(DQQ B Factories

o PRL 109 101802 —

- 2(4430)
1000 [— Observation of b%d)/$ /-/ N PRL 100 142001 —_

Difference in Asp(B2>K )
800 btw. B® and B*

Nature 452 332

Direct CP violation in B> * -

Integrated Luminosity in fi~1

600 = PRL 93 021601 {i— Direct CIF:?R\L/IQ(\?SI?I;IEBOO?,m B2>K T —:

400 — Observation of CP violation / PRL 93 191802 -

[ in B° mixi t _

— " PRergl)gsla?s%)fys o ) </ Pé(l_(g(gzggo 1 —

200 —  PRL 87091802 \l < 7

. / Observation of B2K* ' |- —

;I;—/_T/ | | PRL91|261601 | | | | 7

0 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Next Generation SuperKEKB+ Belle II with 50 ab™!
— Discover new physics!
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See talk by E. Guido [NFN.
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.
Luminosity profile of the next generation B factory @ KEK
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The “nano-beam scheme”

Beam-Beam parameter
Lorentz factor

Beam current /
\ ( # \
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Vertical beta function at IP

Beam aspect ratio at IP

(0.01-0.02)
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7> Very focused beams, large crossing angle (83 mrad)

<o

Belle IT

R. de Sangro (LNF-INFN) June 5-9, 2017 FCPC 2017 - Prague, Czech Republic 6



KEK & SuperKEKB parameters

Caons Cres | sonis

Luminosity (1034 cm™ s?) 1 f 2.11 ‘ 80

<ir ‘

By (mm)

Sy

Ibeam (A)

* Lower Engr (RF power) —» Boost0.42 - 0.28
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* Higher Eper (Touschek lifetime)
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From KEKB to SuperkKEKB

Grey is recycled, coloured is new

Belle II Colliding bunches

New IR ><
~

New superconducting /
permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

%v%%ﬁ%ﬁ%r
HHHH T onemiaree

Redesign the lattices of HER & Damping ring ” S a

LER to squeeze the emittance ‘ 1

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

Add / modify RF systems -
for higher beam current =

Positron source

New positron target /
capture section

[NEG Pump]
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.
SuperKEKB Commissioning

2016 2017 2018
1(2|3/4|5|6|7(8(9(10|111|112|1|2(3(4(5|/6|7|8|9|10(11(12(1|/2/3|4|5|6/|7 (8|9 )|10|11|12
phase 1 D> phase 2
b4 \ r
First Beam NOW First
turns studies collisions

Phase I (2016): No Belle II, circulate both beams without collisions

Phase II (2018): With Belle II without vertex detector, first collisions

I —_—
r SuperKEKB Commissioning Goals  BelleII
® (lean beam pipe (vacuum scrubbing) @ Guarantee a safe operating environment for Belle II

® Real-time monitoring of beam conditions @ Mitigate beam backgrounds around the IP

® Tune accelerator optics, collimators etc. @ Testbeam abort system based on diamond sensors

® Isolate sources of beam loss and collect e® Collect beam background data to validate

data for simulations used to improve background simulations
performances

R. de Sangro (LNF-INFN)



BEAST Il - phase 1

Beam Exorcisms for A Stable Belle |l Experiment

= el

e i |
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= T

e Measure BG levels near IP

— X-rays, charged tracks, neutrons
— online feedback to SuperKEKB
— offline for analysis

e Test and calibration of
diamond sensor VXD beam
abort

* First measurements of
SuperKEKB injection
backgrounds

e First comparison of SuperKEKB
beam-loss simulation with
experimental data

S — ——
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Expected SuperKEKB Backgrounds
f Phase | (no collisions) x

Touschek scattering: Beam-gas scattering: Synchrotron radiation:
intra-bunch scattering - Bremsstrahlung (negligible) & - emission of photons
process Coulomb interactions (up to by charged particles
dominant with highly 100 times higher ) with (e*e’) when
compressed beams residual gas atoms & deflected in B-field

K - 20 times higher molecules J
- N\ (7 )

Phase 2 (collisions)
Radiative Bhabha process: Two photon process: Injection Background:
photon emission prior or after . very low momentum ete « covered later in the talk
Bhabha scattering pairs via ete"—>eteete"
interaction with iron in the magnets - increased hit occupancy in
\ leads to neutron background inner detectors / k /

D ~
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History of Phase 1 operation

June 21: LER beam current exceeded 1 Ampere

oo P P T % First 4 months of beam
[ | ——CH2: I g dt( 718.0Ah) ] commissioning
= 800[__CH4: Tgs dt( 631.5Ah) 1800
T | _ KEKB
Ex 1°® | LER: 540 mA
0C S . - .
B2 soof lwo | HER:300mA
o i q SuperKEKB
= 200 200
i : LER: 820 mA
of o HER: 740 mA
3/1/2016
Time
® SuperKEKB startup much faster than KEKB
e All upgraded components worked fine!
c‘ DD H e KEKB experience was key Y. Funakoshi, June '16 B2GM {'f'? llllllllll
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Beam “Scrubbing’ BEAST II - Phase 1

Cleaning a new beam pipe
® A Kkey goal of phase 1 was to “scrub” the beam pipes
- High currents stimulate desorption of impurities from beam pipe walls

- Over time, vacuum improves lowering beam-gas backgrounds

e BEAST quantified distinct improvements in beam-gas in phase 1

SuperKEKB measurements of dP/dI BEAST measurements of Rates/I* vs
vs integrated current integrated current
_ T T T TTTTT T T T TTTT] T T T TTTT] T T T T TTTT 1025 T T ||||||| T T ||||||| T T ||||||| E
107 | - LER:dP/dl ~ P/l E 10 ™ ., E
. - »  HER:dP/dl ~ P/I - L q00f A N u f. m E
L 107F B LER: dP/dl ~ (P-Pase)/l 5. [ ADa, MA&;'- fag in §
o [lag B HER:dP/dl ~ (P-Ppase)/! s 10 -0 o Aty . W
g ol ety Rl L
g 107 = = 0L oS %P e OH® -
£ 3 3 o °0 Gt e B -
g © A6 | Q = X N7 o 85 =
=—10 - o ~|  Observables: LY N .
035 7 o = ® LYSOrate A =
S 0L - 1o7h ¢ D, .
10 E E O E ® HES3rate _E
- - =| A BGO energy =
10—8— Lol | Ll L1 T T T TIIl Lol Lol Lol
107" 100 107 102 103 10V 10 10° 108
A Beam dose [A-h] Delivered HER current [A-h] )
= INFN
Belle I P
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Describe data with heuristic model

Beam-Gas & Touschek g
Observable = B - IPZ? + T -
® Size-sweep scans Oy
. . x10°
® Run beam at 5 different beam sizes = WL L H L R R B RN B R BN
and at 3 currents (15 runs total) @ 300 Colors: size settings | -
q;" _  Shapes: currents -
e Observable comes from BGO crystals |, . 250 — | =
= - .
® Rewrite so beam-gas is flat: § 200 — =
» , a
Observable BAT I 150 Touschek —
IPZ; PZoy - :
100— o=
® (Quality of linear fit validates model 503 <
_ o - Beam-gas -
® Fit measures sensitivities B (offset) L e
and T (slope) % 200 400 600 80? 1000 1200
(mA Pa lum)
Z : An “effective” atomic number taking %
into account the gas mixture recorded Good agreement with the model!
by a residual gas analyzer '
The comparison of data with MC is underway
D e
</[O INFN
Belle I L/ ithut Nazonsi
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Injection Background BEAST II - Phase 1

@ Injection produces high backgrounds "

S= N3
@ Factory mode: to compensate for shorter d0

beam lifetime use continuous injection » ©
DAQ Veto *

e Continuos injection @ 100 Hz during
SuperKEKB-factory operation

@ Belle injection ECL DAQ veto scheme
would produce 35% dead time!

@ — Study injection background time
structure with BEAST crystal, CLAWS and
scintillators subsystems

@ Background surge ~x100-x1000 in first ms
after injection

D
o

Belle IT
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10°

Large background <1 ms

1 ba:ckgrounds decay
 ~fewms

oscillation (synchrotron) |

—  Csl crystal

— !

0Old Belle ECL veto

Subsequent peaks due to beam

T

T of injection

1

2 3 -4
Time after injection ( m S)
—_—
a
INFN
(T
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Injection Background BEAST II - Phase 1

@ Injection perturbs the orbit parameters of (almost) only the injected
bunch

@ — High backgrounds lasting few ms after injection are highly
correlated in time with the injected bunch

® Veto for ~1ms only for few 10s of ns around the time of passage of the
injected bunch through the IP — dead time ok

CsI crystal |

+ 910F 31T e T
=T 1] ® c o
e © o 10g
E - = X Injected bunch passing [P
- 8__ - - - e % _'?3 repeatedly
:‘ : - - 1O_I 8 1k
- 6 © = e ~1500 bunches
B o * £
E [ : % ’ e Bunch spacing = 6 ns
— [ Y N T oL oy
ar R - 0 e Orbittime =10 ps
- . : Possible Belle 2 ECL veto J 10 E
- — — i l | | | ;
2__ - ‘: s .. l - 10—2 i} il A B LS
e Nmmw
v Ok [ - L. 3
OT 02 04 06 |08( 1)10 I L
D .. (MS )
/O 1 bin =1 turn " Ttum (us) NFN
Belle IT L/ i Fiskea Nucteare
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o
Belle II Detector

Belle Il Detector [735 collaborators, 101 institutes, 23 nations]

Belle 1l TDR, arXiv: KL and muon detector

LR o Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner 2 barrel

—layers)

—

EM Calorimeter
Csl(Tl), waveform sampling electre
Pure Csl + waveform samplin (end-cz

dentification
-Propagation counter (barrel)

y

cusing Aerogel RICH (forward)
i ‘zf?x lower than in Belle

electrons (7GeV

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD |

myy
W positrons (4GeV)

Smaller cell size, long lev

D
o

Belle IT
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Belle II Detector

Factor x40 luminosity also brings in:
» Higher occupancy, pile-up, fake hits

Upgrade the Belle detector

- starting point is the Belle detector

* increased trigger and DAQ rates

* radiation damage

Improvements over Belle

 Fast signal shaping and waveform fit of
e.m. calorimeter signals to preserve
excellent energy resolution in high-
pileup environment

o Increase K efficiency (by ~30%)

e Improve IP and secondary vertex
resolution (~factor 2)

» Better K/m separation (m fake rate
decreases by ~2.5)

e Improve 10 reconstruction

D
o

Belle IT
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:> * in practice, reuse the crystal
CsI(Tl) calorimeter, the solenoid,
the KLM barrel detector

o

Fol d

Barrel
Belle Ii

Super conducting coil

g
&\ SVD PXD(2 layers
° 310 570

Small cell chamber
ey

1

acs §

svD =

1
IP Chamber - \\ -
00(Cryostat h

CDC

1 | 12
SIDE VIEW

June 5-9, 2017

FCPC 2017 - Prague, Czech Republic
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.
The tracking system

Component Type Configuration Readout Performance
Beam pipe Beryllium Cylindrical, inner radius 10 mm,
double-wall 10 pgm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon pixel Sensor size: 15x100 (120) mm? 10 M impact parameter resolution
(DEPFET) pixel size: 50x50 (75) pm? 0. ~ 20 pm
2 layers: 8 (12) sensors (PXD and SVD)
SVD Double sided Sensors: rectangular and trapezoidal 245 k
Silicon strip Strip pitch: 50(p)/160(n) - 75(p)/240(n) pm
4 layers: 16/30/56/85 sensors
CDC Small cell 56 layers, 32 axial, 24 stereo 14 k ore = 100 pm, 0, = 2 mm
drift chamber r=16- 112 cm 0p. /Dt = 1/ (0.2%p,)? + (0.3%/ 8)?
-83 < z<159 cm op. /e = /(0.1%p:)? + (0.3%/5)? (with SVD)
Belle IT L/ i Faica Nuclesre
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Combined PXD+SVD beam test at DESY

Testbeam setup (Event Display)

- Reco Track: blue line . craddle
- Strip/pixel candidates: purple lines

- Strip/pixel selected: yellow lines /

- Magnet: not visible (out of screen, / '

solenoid // beam direction) é VV
\/ / b 9 Beam

P " A l direction
ul/v

Track Finder:

Used VXDTF1 in first
runs and VXDTF2 in
second part

Claws/Fangs

4 SVD layers 2 PXD layers

Inner Backward Intercepts Residuals

Efficiency, layer 4, sensor 2, v-side

HMW wwHHHHHHWHHwHHHHHHHHMWHHWH}*HW

|

—y
(=1
o
(9]

;\_IIII\‘\III‘\HI‘IIII‘IH\‘II\I‘IIII‘HII|I\H|

- T_run 144, VXDTF1

100

i e

efficiency e [%)]

oo 5N 1 4 - IR e o e e

99

98.5

98

Mean 205.1

StdDev 3
Eff. dips (defects) '9 e

S O i R —— s I
Entries 209456 S, 1200~ _ S DU S
A [ e

¢ A

97.5

97

96.5

96

(- I I — { - — { I — I | — { I — I {—

0 160 180 200 220 240 260 b 406 =5
v strip number 208 -0.2
®_1 s 06 04
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.
Improvements of vertex detector

: : Extrapolations of detector performance
— 1 Tracking IP resolution — : P p

X confirmed after beam-test results, and
0.4 — + 00 Tracks with PXD clusters realistic software implementation
3 *  0do Tracks with PXD clusters
- © BaBar 00 . .
03 F ® BB 0w Feb. 2016 e Currently, in spite of
b BPAC
= 3 Belle Il — Belle
E [~ — °
£ 0.2 — Bellell MC <BY> 28/44 <BY>
o £ ° PRELIMINARY
- . 0
0.1 & s Belle 11 3 _Belle
L e OA ~ 19A
— ++ 92222220000360 t 4 t
0 e, WSS 0 p
1-2001 1 e 3
8583A28 Transverse Momentum (GeV/c)
D e
@] Sece also Jakub Kandra poster on Belle Il PXD+SVD alignment Ll-biFN
Belle IT i Fiskea Nucteare
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The Central Drift Chamber (C

DC)

1200mm

Axial wire

Stereo wire
60-80 mrad

0omm — e 250mm — v

o MU 1 0T |
1mmmmu.llhltlllllllulgllll!jlIlm. i

)
installed in Belle

4l

D01-D02 hdDO Z201-202 hdZ0
Entries 71420 Entries 71420
r Mean -0.006408 C Mean 0.04344
8000 E Std Dev 0.02192 4500 E Std Dev 0.2702
o %2/ ndf 176.9/38 E %2 / ndf 76.13/48
7000 Prob 8.379¢-20 40005 Prob 0.005991
E po 6941+ 51.1 E poO 3771 = 100.4
6000 p1 -0.00683 = 0.00007 3500 p1 0.04844 = 0.00153
r p2 0.01219 = 0.00010 r p2 0.2112 = 0.0031
5000 p3 913.6 = 43.0 3000 p3 937.4 +107.2
E p4 -0.005488 = 0.000274 E p4 0.03119 = 0.00387
o p5 0.03072 = 0.00047 2500 p5 0.3633 = 0.0083
4000 I : I
30005 o1 = 122um (75%) 2000F o1 = 2.1mm (70%)
s o9 = 307um (25%) 1500F oy = 3.6mm (30%)
2000 E
1000
1000 500F
—(6.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 92 -15 -1 -05 0.5 1 15 2
Adp[cm] Azp[cm]
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.
Barrel PID: Time Of Propagation

Cherenkov ring imaging with precision time measurement (better than 100ps)

Installation completed! 2016, May 11,

2()

xX(cm)

10

0

-10

.20

o

Belle IT

suegEER====zypun
gt 1

nes

>~ L

«

-
L0

o

10 /5 20 25 30
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p= 2 GeV/c  Kaon/Pion

500
400
300
200
100

()
35

[ (n.\“)‘

June 5-9, 2017

P ——

11T
!5

Quartz Property
Flatness
Perpendicularity
Parallelism
Roughness

Bulk transmittance

Surface reflectance

single channel (at x = 10 cm)

Requirement
<6.3um
20 arcsec
<4 arcsec
0.5nm (RMS)
» 98%/m

-99.9%/reflection

B pions
B kaons
I 1\!‘:‘. Iﬁ'\ A._AM I A ol e
20) 25 30 35
[(ns) )
INFN
(Ao
FCPC 2017 - Prague, Czech Republic 23



Forward PID: the Aerogel RICH

: : HAPD — Hybrid Avalanche Photo-Detector
Use two aerogel layers in focusing
configuration to increase n. of photons - Developed in collaboration with Hamamatsu photonics
without resolution degradation - Basic requirements: -1.5T - n,7 tolerance (10'? n/cm?)

- position resolution

[ n; =1.045, n2 = 1.055 |
- large coverage (3.5 m"2)

i < s

|
d=2+2 cm ]
| © misid. probability = 0.02 I i
g
éo.gai—
5096 Excellent performance in
i desired momentum range!
0.92F
0.9F-
0.88[-
0.86;—
o84 ~12 photons / track @ 3.5 GeV
0.82;—
D i M 4 O N A S )
@ Momentum [GeV] 'FN
Belle I T ' / :\'}'.“".o Na
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R,
ARICH Rings from cosmic ray muons

® First events from CR tracks recorded in a partially
instrumented sector of the ARICH

® Production of
aerogel tiles and
HAPD:s is finished.

® Installation on the

StrUCtUre e [l
complete! :

- ® Install in Belle II in

September.

<O INFN
S (L e
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E.M. Calorimeter (ECL)

200

2400

’,q

1380

820

ECL 1580

QCs

R195

e High rates (machine+physics) = upgrade of electronics

o g
\ \\ 11 A

il

R220 \

R260

QCs

- shorter signal shaping
- waveform fit to extract signal time and amplitude

Gate —

B Shaper output
g ~ signal
E/h‘\ — t 4,\
/-U \ Signal charge g

l

Width=100nS 1jming (leading/trailing
edges) with range
information by QtoT
converter (MQT300A)

Belle IT

l

Digitized by TDC

R. de Sangro (LNF-INFN)

1.76MHz, 18bits digitizer,
waveform fit to get energy

and timing (i.e. Digital
Signal Processing)

Reduction factors;

x7 BG showers
x1.5~2 pileup noise

June 5-9, 2017

Belle calorimeter

8736 CsI(TI) crystals

6624 Barrel

1152 Fwd Endcap
960 Bwd Endcap

Early prototype tested at Belle

Pileup noise

1.5

old

1 ¢ 4 ¢
RERAL A N

0'noise (MEV)

improvement

¢ ¢ 4 ¢
¢

I

Y 140 150 160
© (degpges))

o

FCPC 2017 - Prague, Czech Republic 26
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Belle IT

ECL commissioning

BWD endcap installation e Barrel ECL under CR test since 2015
January 2017

e Endcap calorimeter CR test ongoing

_event = 54039

e,
150GeV shower!
Combined CDC-ECL cosmic ray test
é 501 g 45027 nnnnnn 3245 g 4000¢
ZqCJ E = 4002 Barrel Mean -689.5 Z‘JC’ 3500?
40:* 350§ StdDev  37.93 3000F
L Enti 83 C
30 3001 Endcaps|Mean  -808.8 2500;
i 250¢ StdDev  46.22 2000
20 200¢ 1500F
. 150F r
10- 100p 1000¢
i 50 500F
v by b by by b by F o L L L r o
D20740 60 80 100 120 140 fbG0 "800 600" 400 200 O % 5000 10000 15000 20000
ID ty, Ns E..., ADC counts
INFN
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The KLong and Muon detector KLM

|111111111| | I | I

- 14 iron layers 4.7cm thick 0 i 2 i

Magnet Yoke

- 15 barrel active layers

Barrel KLM

Nikko

v 2 x [scintillator strips + WLS + SiPM] < NEW |sige

Oho
Side

v 13 x [double glass RPC + 5 cm orthogonal phi, z
strips]

- 14 endcap active layers

v 14 x [scintillator strips + WLS + SiPM] < NEW

* All endcap glass RPC + 2
in the innermost layers
of the barrel replaced
with scintillator strips
to resist higher
backgrounds

* Installation is complete

* Commissioning with
cosmic rays ongoing

D —
/O INFN
Be//e I L/ ;u::tz ooooooooo
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.
Final focus magnets

Superconducting quadrupole magnets
with 30+25 coils

The second one delivered on Feb 13
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World’s most
complex SC
final focus!

R. de Sangro (LNF-INFN) -9, FCPC 2017 - Prague, Czech Republic 30



o
When do we start Belle 11 ?

® Phase Il Operation: Starts in Nov 2017
® Begin with damping ring commissioning

@ Main ring (Feb 2018): first collisions!

e Two main goals:

® SuperKEKB luminosity with nano-beams - reach KEKB maximum
luminosity at the end of phase 2.

® Ensure background levels are compatible with the operation of the
vertex detector

e® Limited physics without vertex detectors

® Phase Ill: Starts late 2018

e Belle IT Physics Running (with vertex detectors in)

o) .
/O INFN
Belle IT L/ :n'::f: nnnnnnnn
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Outlook

® Phase 1 of the SuperKEKB commissioning successfully completed
in 2016, with BEAST II commissioning detector on the beam line

® Background characterisation, including during injection

e Belle Il rolled in on April 11!
® June 2017 - B-field measurement, start global cosmic ray run

® Sep 2017- Installation of A-RICH and forward ECL

® Nov 2017 - Spring 2018: Phase 2 commissioning (+ first Physics
runs, without vertex detector)

e Summer 2018 - Install vertex detectors

@ Late 2018 - full detector operation - Start of Physics runs

Thank you!

D
o

Belle IT
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SuperKEKB/Belle II schedule

NOW
Calendar year 2016 2017 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown Power saving
(power saving) (power saving) after mid July 2018 (power saving)
/ | (mid Feb.—mid JUl.2018) wyfull Belle ! \
Qcs
phase 1 1oca, . phase 2 (MR) | phase 3
— | I - - —
I w/QCS I
MR renovation for phase 2, including | -IERchBe’Icle“ {no vXD) :
MR startup installation of QCS and Belle Il : LERZtaarrt VXD installation
I [ _
: : phase 3 operation
DR installation & startup DR commissioning : 9 months / year
' | |
| |

D ~
/O INFN
Be//e I L/ ;u::tz ooooooooo
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SuperKEKB: Preparations for Phase 2 Commissioning

QCS and related works at IR
HER Lt Tl View

colliding bunches ' -

Collision feedback

SuperKEKB phase 2

Change injection part for
injection from DR .

NS

Injector Linac upgrade
® RF electron gun

® Improve e+ source #

® pulse magnets for
injection

New e+ Damping Ring

R. de Sangro (LNF-INFN) June 5-9, 2017 FCPC 2017 - Prague, Czech Republic 35



BEAST II - Phase 2

The volume left empty by the
vertex detector will be filled
by BEAST - Phase 2

Phase 2 VXD Volume

Commissioning phase 2 (~5 months)

* Machine condition
— w/ QCS, w/ Belle Il (w/o VXD), full accelerator tuning
* Tuning items
— Optics tuning
 Tentative target values of IP beta’s: Bx*: x4, By*: x8
* Optics tuning with QCS and Belle Il solenoid
* Low emittance tuning w/ Belle Il solenoid
* Optics tuning w/ beam collision
— Detector beam background
» Study with Belle Il detector, test of continuous injection (BEAST)
— Beam collision tuning
* Orbit feedback (fast feedback, dithering system)
* Collision tuning w/ “Nano-Beam” scheme
— Luminosity tuning
* Tuning knobs (x-y coupling at IP etc.)
* Tentave target luminosity: 1 x 103* cm2 s (design of KEKB)
— Increase of beam currents (instability, RF power, vacuum issues)

* Detector background may possibly give some restriction.
e Continue upgrade for RF system (support ~70% of design beam currents)

B
R. de Sangro (LNF-INFN) June 5-9, 2017 FCPC 2017 - Prague, Czech Republic




E———
[njection Background BEAST II - Phase 1

Zoom in first peak of plot on the left

= HER Injection
08" © s bin W _— Pure CslI crystals
=0.7¢ =
= £ > < ~10 ps —» 1 turn =
§ 08 ¢ §o.15 e Exploit time resolution to look at the
= O = ~1.6 ns > 1 bunch single bunch level
0.4¢ 0.1 —> — .
03 e Bunch spacing = 6 ns
Arrival ‘ ‘ 0.05- e Orbittime = 10 ps
injected i ]
| Ll bl o Lh e Looking more closely we observed
0 0.10.20.30.40.5 Oﬂ?zfn g).s 105.75 10%}?(;;3) also medium (~ps) and short (~ns)
. . Zoom in fourth peak of plot on the left tlme structures in data
= LER Injection o ., S
-.C_G' 08:_ -l(—U' + ~6.0 ns -» two bunches
'(2‘0 7; 1 us bin (g. 2 ns bin
306" 3 0T
O C (Y]
To.s5- o po 1
T g4C T | . Two adjacent bunches exhibit
0.3- 0.051- high background in this case!
0.2f
e+ I Ll
O?mm\.‘nlm.‘.‘|‘m| u‘lH|m.||m”’mljm L i N
0 0.10.20.30.40.50.60.7 0.8 1961 176.15 176.2
Tlnj (ms) T|nj (us)
‘D Similar data recorded with CLAWS and scintillators -
Belle I P
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BEAST II - Phase 1
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Injection Background

Single bunch injection
CsI crystals

Double bunch injection
LYSO crystals
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Csl, CsI(Tl) and LYSO crystals

Time Projection Chambers

He3 tubes

CAD rendering of detectors
and central beam pipe only
[not pictured: BGO crystals

and diamond sensors]

D
<o

Belle IT
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BEAST II - Phase 1

Detector Components

Svstem Detectors Unique
v Installed Measurement
Neutral vs
PIN Diodes 64/64 charged
radiation dose
) ionizing
Diamonds 4/4 radiation dose
Micro-TPCs 2/2 fast neutron
flux++
thermal
He-3 tubes 4/4
neutron flux
6/6 Csl(TI)
Crystals 6/6 Csl iMei:;rriy
6/6/ LYSO P
BGO 8/8 luminosity
“CLAWS” 8/8 Injection
Scintillator backgrounds
=)
INFN
(g ———
FCPC 2017 - Prague, Czech Republic 39




E———
Simulated Background Rates in Belle 2

Table 22: Beam background types (12th background campaign).

type source rate [MHz] g Total rates from simulation
radiative Bhabha HER 1320
radiative Bhabha LER 1294
radiative Bhabha (Wide angle) HER 40 Total number Of hltS per event ln
radiative Bhabha (wide angle) LER 85 each sub-detector
Touschek scattering HER 31
Touschek scattering LER 383
beam-gas interactions HER 1 ——
beam-gas interactions LER 156 component background generic BB
two-photon QED — 206 PXD 10000 (580)% 23
SVD 284 (134) 108
CDC 654 810
Backgrounds TOP 150 205
ARICH 191 188
are ~ x20 Belle cor 210 1
BKLM 484 33
EKLM 142 34
D> * in parentheses numbers without 2-y QED
<o af/") ,,,,,,,,,,
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Performance Snapshot: Reconstructed Particles

Tracking IP resolution, Rel7 Tracking efficiency vs Pt, Rel7 Photon energy resolution, Rel7
E [ ] f — 25— .
©0.05— — U o, - ]
- e transverse impact par, dO i - __—_:— L B —+— BGx0.0 Barrel ]
- - i ‘:_ - 20 [ —4+— BGx0.1 Barrel —
B __e— longitudinal impact par, z . Ll [ —4— BGx1.0 Barrel i
0'04; . 08 © . —4— MC5 Barrel (BGx1.0) .
i 1 - 151, o .
0.03{-e— . N - . -
: : oo Phase |l N E
o0z . oal- Phase | b E
- :.:++ i : (n O VX D) E h .--.-."::-'-':::;;:;.=.='=01'-'--l\“-________.._-“__E
0.01— — 0 P | A —
- —o— —eo— N 0.2T 1
: -, ] - 107 1
o8 3 o o — B
07\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\ﬁ.\: |+ Etrue[GeV]
02 04 06 08 1 12 1 4 16 18 2 0 . ‘ L 111 ‘ I ‘ I ‘ I ‘ I ‘ L 111
p, (GeVic) o 05 1 15 2 25 3 _ 35
P, (GeV/c)
K/rt separation ROC, Rel7 Muon ID efficiency, Rel7 KL ID ROC, Rel7
03 LA et L e e et L
% N I I I I ! ] e i 5 i > 0-9%.- - I I T T T
2 - K/t separation . x 1 —— E 0.8 * =
x 0.25( \ — Q i e ] o e =R E
© n 8- (1.0-20 GeVic)) ] s [ 4 { — i S ® KLM Classifier ]
L 2 et L H i _ ° _
- 2 (05 15 Gevied . Q 0.8 ’_lf ’JI:H:" 0'75 . = ECL Classifier ]
02+ -@- (0.5 - 2.0 GeV/c?) — < Y7 o i - * . 7
B (0.5 - 2.5 GeV/c?) . 8 L ’ 4 0.6 - * 3
. - (1.0 - 4.0 GeV/c?) - < i I' i 055 * . =
0.15- - a 0.67 } i ~E .. -
B — o : . 0.4 * . _:
- . > - Tl ’J : .. 5
0.1 E § 04 g i 0.3 .. E
0.05- B S o2 i [ i o .
R - o B E L T et L L TR E N s s . s s momowommEm
[ L - S S - - ok L P L P il
8.7 0.75 1 2 07\ | ; = ) L1l L1l L1l 111l 111l 111l 111l 111 \7 0 0-2 0-4 0-6 0.8 1
Efficiency 0 05115 2 25 3 35 4 45 5 Efficiency

p [GeV/c]
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Computing Model

processed @
“raw data center”

Data

M C produced on the world-wide
distributed computing

Event generation

DA i
DAQ unit \

Y

DAQ unit W

Online disk

Detector simulation

Detector (Sequential root) (sim)~ ~ v
BG efi’ect Digitization

outside KEK ~__
l”epl”00655¢

iﬁma\x‘

—_

|
|
|
Raw data center |
|
|
|
|
|

(data)- —_ _ _)\1/

Reconstruction

No intermediate stage
is saved

I \ (.

X I
distributed to each region
\ /

e
—

RS T NG 25KB / event %@mDST
II \ — Y N
\ / . 2 o .
N : dinated” group skimming
‘17 mDST : reconstruction level info.,
group official skim: mDST, uDST, index pDST:mDST + particle level info,
| index : collection of pointers to events
User distributed analysis
index <—User Ntupl . Userj Ntupl
(13 2 u e /“ se
Conceptual” Indey = 1og3ob= MWL vangthor Ntuple
less disk requirement mDST ,/ possibility” uDST :’”0"3 disk requirements
more chaotic network access / ess network req i IELER
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‘e

rid MC production E

Normalized CPU usage by Country
208 Weeks from Week 52 of 2011 to Week 51 of 2015
- more than 5-month continuous production
(~10 months operation including test production)MC5,
T, on-going
est prod.
since Mar. 201

17 countries / region

+ France
MC4

Nov 2014

MC3

o May 2014

MC1 Aug 2013
Mar 2013

Mar 2|o1 2 \

0 L L F-- =2 = . \ - 2
Jan 2012 Jul 2012 Jan 2013 Jul 2013 Jan 2014 Jul 2014 Jan 2015 Jul 2015
Max: 185, Average: 32.0, Current: 149

32.0%
18.5%
15.4%

8.4%

3.0%
2.8%
2.4%
2.3%

1.0%
0.9%
0.8%
0.4%%
4.7% 2.1% 0.2% 0.0%
3.4% 15% 0.1% 0.0%

TOTAL 3.41 E+1 0 Generated on 2016-01-28 09:08:05 UTC
4S hadronic 241E+10

Subtotals Rare 4S 8 25E+08 . . .
e 625E+08  Hirst attempts of distributed

600E+08  angalysis on the Grid.
0.00E+00
4.60E+09
1.21E+09

=

0.0%
0.0%
0.0%
0.0%

ONEENN
%GR
ONNERN
PRI
ORCOEEDO
Z9385¢2
EORNNON
B2 BIE
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B-field measurement

triaxial
Hall probe —~ = |
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Phase Il Unique data sets

. 20 F B EI I i
Only ~20-40 fb-1 in Phase Il s E
Unique Ecwm, €.g. Y(6S) for 16 g
bottomonium - strong CE D opEe E
interaction studies wfp o+ BB E
. B.B* E
New trigger menu to >0  paEs z
0.6 s s ]
greatly enhance low o ot
multiplicity & dark sector =
phySICS 0.0 1(;.8 - 1(|)9 11|.1 - 11r.2
Vs (GeV)
Experiment /| Scans | T(65 T(5S) T(45) T(3S) T (2S) T(1S)
Off. Res. | 1b fh—1 10° | fb~! fb—1 100
CLEO 17.1 16 1.2 1.2 21
BaBar || 54 433 122 | 14 -
Belle \ 100 | ~55 711 12 | 25 6 102
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Triggering dark sector physics

THE UNIVERSITY OF

MELBOURNE
] Physics process Cross section (nb)  Rate (Hz)
e 2 stage trigger: Hardware Y(45) — BB 12 960
eT e~ — continuum 2.8 2200
(L1 ) then Software. e 0.8 640
rtr— 0.8 640
Bhabha (6,1, > 17°) 44 350 ¢
7Y (Orap 2> 17°) 2.4 19 @
2~ processes ° ~ 80 ~ 15000
Total ~ 130 ~ 20000
@ The rate is pre-scaled by a factor of 1/100.
- b > 17°, pt > 0.
Hardware | Physics | Raw Gap = 17°, pt 2 0.1GeV /e
i -2
Trigger output ev.ent 10 § o
accept rate Size 123
w 1 o B
- e c
4 «« O
+ E
10 ®
o O
o Q
10° — = 3
< =
LA ]13E
Belle Il projection 20 fb 1 -
No projective cracks .
in barrel ECL.
10_4 IIII 1 1 IIIIIII 1 1 IIIIIII
107 10 1

<5 Xlith B physics, Napoli Phillip URQUIJO
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