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Energy or Intensity”

* Energy frontier:
* Production of New Physics (NP) from collisions.

 Limited by beam energy.
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Belle and BaBar.

+ Belle at KEKB, Japanand _~
BaBar at PEP-II, USA. =

* Very high luminosity: ?
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Mainly at Ecm = 10.58 GeV. —
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BR(Y(4S)—BB) > 96%

 Asymmetric beam energies:

8 GeV (e) / 3.5 GeV (e*) (Belle)
— Boosted BB pairs.
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Some) Belle Il Physics.

relative errors.

Observables Belle Belle 11 Ly
(2014) 5ab~! 50 ab™1 [ab™!]
sin 23 0.667 4 0.023 £ 0.012 £0.012 +0.008 6
e! +2°  41°
v +14° +6°  +£1.5°
S(B — ¢K?) 0.9075-%9 +0.053 40.018 | >50
S(B — n'K°) 0.68 +0.07 £0.03 40.028 +0.011| >50
S(B — KIK2KY) 0.30 +£0.32+0.08 40.100 +0.033| 44
V| incl. +2.4% +1.0% <1
V| excl. +3.6% +1.8% +1.4% | <1
|Vis| incl. +6.5% +3.4% 4+3.0%| 2
|Vup| excl. (had. tag.) +10.8% +4.7% +2.4% | 20
|Vup| excl. (untag.) +9.4% +4.2% +22% | 3
B(B — 1v) [1079] 96 + 26 +10% 5% | 46
B(B — uv) [107°] <17 50 >> 50| >50
R(B — Dtv) +16.5% +5.6% +3.4% | 4
R(B — D*Tv) +9.0% +3.2% 4+2.1% | 3
B(B — K*tvw) [1079] < 40 +30% | >50
B(B — KTvv) [1079] < 55 +30% | >50
B(B — Xsv) [1079] +£13% +7% +6% | <1
Acp(B — X7) 4+0.01 40.005| 8
S(B — K27n%) —0.10 £ 0.31 +0.07 +0.11 40.035} > 50
S(B — py) —0.834+0.65+0.18 +£0.23 =£0.07 | > 50
C7/Cy (B — X /) ~20% 10% 5%
B(Bs — ~vy) [1079] < 8.7 +0.3
B(Bs — 7F77) [1079] <2

B. Golob et al., BELLE2-NOTE-PH-2015-002
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Some) Belle Il Physics.

90% C.L. upper limits for LFV t decays
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B. Golob et al., BELLE2-NOTE-PH-2015-002
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Peak luminosity over time.

¢ 1| [L = 50 ab" by 2025 (50x Belle)
L =8 x10%cm2s" (40x KEKB)
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SuperKEKB: Nano Beam Scheme.

*k

[ = Yi (1+E*X)Ii§ + RL
2er, O, R.

vertical beta function at IP

KEKB Super-KEKB

— ~50nm
., 83mrad

100um /“"

<=2 "

E (GeV) B*, (mm) B*x (cm) ) | (A) L (cm2s?)
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 16/1.2 | 2.1x10%
SuperKEKB 4.0/7.0 3.2/2.5 41.5 3.6/2.6 )| 80x 10%
faCtor 20 Torben Ferber, DESY
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SuperKEKB is running!
. February 26, 2016
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May 31, 2016: LER beam current at 825 mA, HER at 730 mA.
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Belle || Collaboration.
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Belle || Detector.

% K_and muon detector (KLM):

Resistive Plate Counter (barrel)
Flectromagnetic Calorimeter (ECL): gty WIS HPREeNE )
| Csl(Tl), waveform sampling (barrel)
Possible

upgrade &re Csl + waveform sampling (endcaps) ////!

Particle Identification (PID):
Time-of-Propagation counter (barrel)

electron - L Prox. focusing Aerogel RICH (fwd

Beryllium beam pipe
2cm diameter

Y

Vertex Detector:

2 layers DEPFET
@ayers DSSD

~

-~ :
Central Drift Chamber (CDC):
He(50%):C.Hs(50%), Small cells,
long lever arm, fast electronics

positron
(4GeV)

Need to cope with much higher
10 luminosity and beam background.



Belle || Detector: Calorimeter (ECL).

* Precise measurement of y (11°) and the so called ‘extra
energy’ are crucial, in particular with respect to LHCb.

A generic Y(45)—BB decay creates 11 photons on
average, almost only from m° decays. About half of the
photons having energies less than 200 MeV. Lowest photon
energy used for physics ~40 MeV.

 Reuse existing Csl(Tl) crystals from Belle (excellent energy
resolution but quite slow). Belle achieved an energy
resolution of about 1.8% at high energies.

11



Belle || ECL: Background.

Crystal radiation dose vs. 6ip (MC)
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Belle || Detector: Calorimeter (ECL).

* New digitization and waveform fitting electronics to cope
with much higher beam background (pile up).

* New robust reconstruction (need a conceptually different

approach for very high backgrounds) and calibration
(including time).

» Possible upgrade of forward endcap crystals to pure Csl
under study (worse energy resolution but very fast).
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Belle || ECL: Background.

E.c (>0.0001 GeV) Barrel CR Identifier and Local MaX|ma (red outline) Barrel
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Belle || ECL: Reconstruction.
€.9.30 MevV.

o/ E [%]

Novel hypothesis based clustering.
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Belle || ECL: Reconstruction.

9 reconstruction using two photon combinations:
Significantly better energy and position reconstruction and
overlap energy sharing.

(n%), p = 2500 MeV, BGx1.0
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= ~ —+— Old Clustering, | t| <25.0 ns, E_>30.0 MeV .
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Belle || Luminosity Projection.

70
60

Integrated
J 50

luminosity (ab7)

--t-- goal: 50 ab™
40
30

9 months/year, 20 days/month

(rest = machine|development)

20

1 ab' collected
by Belle
nstantaneous
luminosity cm—= s ~4 years to reach
design luminosity
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Belle || Luminosity Projection.

Integrated
luminosity (ab1)

x103°

Instantaneous
luminosity cm—= s

70
60
50
40
30
20
10

0
8

6

S N A

-t-- goal: 50 ab!

PO days/month
development)

1 ab' collected

by Belle

: 5 —

C - e RTINS FRVR— S—

- s

= £

- £ :

— 8 v ®

: 5

- e 'S L

- =)

— e oo E T RHAGRITG

C © :

- = |, S

S B B Lo looeron

: ~4 years to reach

S dééigh'l'u'rﬁiﬁééi{ym

S T e T R I
2016 2018 2020 2022 2024

18



No Belle || detector.

BEAST Il (Beam Exorcism
for A STable Belle |l
Experiment).

FWD Csl rate vs inverse beam size
0.12 A A I I R I "I Run 2009: |, ~619 mA
I Run 2008: |, =471 mA
[ Run 2007: 1, =316 mA
I Run 2006: |, =158 mA

Simple background
detectors (diodes, TPCs,
Csl crystals, He3 tubes).

0.1

¥ ndf 0.002298 / 3642
p0  0.06318 + 5.7520-05
p1 0.7175 + 0.003468
¥ /ndf  0.001611/2053
p0  0.06171+ 8.368e-05
p1 0.8324 + 0.004747
£ 1 ndt 0.00373 / 1241
PO  0.07174 + 0.0002347
p1 0.5947 + 0.01397
%/ naf 0.009978 / 1299
N  Jle0 008102+ 00002729
O AN DU BARSs s 1. 06764 £ 001322

‘ i La s
0 0.005 0.01 0.015 0.02 0.025 0.03
Inv. beam size (um")

o
o
@

Hit rate / Current? (Hz/mA?)

0.06

No final focus magnets.

0.02
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Phase 2: End of 2017.

* Final focus magnets (superconducting).

 Full Belle Il outer detectors and drift chamber.

e No final vertex
detectors.
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Phase 2: Beam Background Monitoring.

e (Goal: Providing live background rate information to
SuperKEKB operators during Phase 2 (Detector
commissioning) and Phase 3 (Physics run).

4 LYSO or Csl crystals with photopentode readout in each
endcap shield.

 Readout time fast enough to observe injection backgrounds.

McGill

UMontreal
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Phase 2: First Physics.

 Main purpose of Phase 2 is detector and accelerator
commissioning.

* Unlike at the energy frontier, Belle |l needs more data than
Belle+BaBar to address anomalies (and find new
physics). Possible scenarios for the very first data include:
* Run at non-Y(4S) energy.

* Implement special triggers (that may have too high rate

at full luminosity): Search for a dark photon decaying
invisibly.

22



Phase 2: First Physics.

 Main purpose of Phase 2 is detector and accelerator
commissioning.

* Unlike at the energy frontier, Belle |l needs more data than
Belle+BaBar to address anomalies (and find new
physics). Possible scenarios for the very first data include:
* Run at non-Y(4S) energy.

* Implement special triggers (that may have too high rate

at full luminosity): Search for a dark photon decaying
invisibly.
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Dark photons.

 We know there is dark matter (DM), but we don’t know
what it Is.

* We know DM couples very weakly to SM particles.

* |n the so called “vector portal”, a dark photon A" mixes”
with the SM photon y with strength «:

///‘* T T i e Bl

Standard Model

% ‘ Dark Sector
KQSU(S)@ X SU(2)L X

(massive)

24



Dark pnoton decaying invisibly.

* |f DM Is part of a dark sector, the dark photon A’ can
decay into dark matter y:

25



Dark pnoton decaying invisibly.

* |f DM Is part of a dark sector, the dark photon A’ can
decay into dark matter y:

o ~ Single photon
; NV (YSingle Photon Search”)
X
+ /()
e A —
- L VAVAVAVAV (S Invisible!
\

20



Dark photon decaymg INVISIDIY.

Minimal ingredients:

Me, My, My, /S /s
meyr > \/EQ M
Vey \10
Oft-shell
heavy A Me < mA,/2 < m\ 2me |-

TN

Off-shell light A’ On-shell light A’

Off-shell heavy A’

On-shell decay

to DM

Off-shell light A’

Long-lived ultra Iight A

Me

My

may > 2my ? / \mA/<2me’?

A’ on-shell Long-lived
decay to DM ultra light A’

Y.M. Zhong, B2TIP Pittsburg 2016 7
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Dark photon decaying invisibly at BaBar.

 BaBar recorded 57 fb-1 with a single photon trigger
(E*=1-2 GeV, trigger rate ~1/3 of all triggers). Belle never

had a single photon trigger.

 BaBar used about 28 fb-1in a search for a light Higgs via
Y(3S)—VAL, A0 — invisible (unpublished, BaBar-
CONF-08/019).




Dark photon decaying invisibly at BaBar.

4
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BaBar-CONF-08/019
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Dark photon decaying invisibly at Belle Il.

* (General requirement: Belle Il MC

Preliminary

* Trigger (both to collect
signal events and to
understand backgrounds).

count/ 10 MeV

 Understanding of peaking

background (for on-shell
decays).

e Understanding of (absolute) continuum QED

backgrounds (off-shell decays). For on-shell decays this
IS a smooth exponential.
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Dark photon decaying invisibly at Belle |l
Background (E* > 1GeV, y in barrel).

—~ x10° ___ee—ee(ny)
> I N L B LA N B
Q) o -
@) I Dominant process below 2 GeVis  _
© 015 one electron at ~0 deg, other  —
) . .
— u outside of detector acceptance. 4
=) I 1
— — -
o 0.10 - : -
E : % BHWIDE :
- i - _
© - & Ecamma
0.05 - | —
0.00

Above 2 GeV, both e* are
scattered at wide angles. 31



Dark photon decaying invisibly at Belle |l
Peaking backgrounds.

* Unlike BaBar, Belle |l Barrel ECL is not projective

N ®: No "gaps” between the crystals, only between
parrel and endcaps.

* The probability that a photon does not interact in an ECL
crystal is about (el-79))LX0~ 3.4x106 (L/Xo = 16.2).

32



Dark photon decaying invisibly at Belle Il.

o Extrapolating from BaBar preliminary result; correct for
different angular distribution of signal; improved
systematic error at low mass.

Chris Hearty

1072 | T
W _
BaBar expected /_, 28 fb ! sample
(9-2) + 20 ]
favored E787, E949 —
10°3 Belle Il 50 fb
500 fb' E
B 5 ab’ ]
B 50 ab’ |
limit on € improves as 945
1 0—4 1 1 11 I ] ] ] ] 1 1 11 I ] ] ] ] 1 1 11 I ] ] ] ] 1 1 11 I
1072 10 1 10
m,. (GeV)
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Dark photon decaying visib

ly at Belle |l.

x2 better mass resolution 0
S
o/A  Yo0 02 .
E — £ (J)W €oe 1i " 0.9 Mevic? ! 0
U?Y L\AS Xepr )/ better ete- trigger efficiency — Y mevied/l
1 0_2 T 11 = I |
m S, | Bellenmc
e - "g 0.5 Preliminary }
B o
@)
I BaBar 89 5' 5 505
. [GeV/c?]
103
C Selle 11 500fH
 E774
R \ D ab’
E141 Chris Hearty
10_4 _l 1 1 11 I ] ] ] ] 1. 1 11 I ] ] ] ] 1. 1 11 I ] ] ] 1 1 1 1 |_|- Bertrand EChenard
107 107 1 10
m,. (GeV)
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summary

« Belle Il offers high sensitivity to New Physics at the intensity
frontier, largely complementary to LHCb.

o Significantly higher beam background require new
reconstruction software. The calorimeter software development
and calibration is one main contribution of the Canadian
groups.

* Belle Il will start detector commissioning end of 2017,
significant Canadian contribution in beam background
simulations and measurements. The search for a dark photon
decaying invisibly may be possible even in that phase.

* Physics data taking starts end of 2018. “50 x Belle” by 2024.
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Backup slides



Backward Endcap Calorimeter

390

R1250

Barrel Calorimeter

Forward Endcap Calorimeter

1021.6

93280

Fr)

i
2.0 m

1.0 m

0.0 m

1.LO m

37
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Vertex detectors.
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P XD module 0.
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Belle || ECL: Background Noise (MC).

Nominal background

BGx1.0 Barrel
8 _I L IEEJEEEI L L I_
S, T
< EREEEE
i
o
100 |- - =
_I | 1 1 1 | 1 1 1 | 1 1 1 | I_
-100 0 100 200

Z [cm]
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Belle || vs. LHCD.

TABLE XLI: Expected errors on several selected flavour observables with an integrated luminosity of 5 ab™! and 50 ab™! of Belle
IT data. The current results from Belle, or from BaBar where relevant (denoted with a 1) are also given. Items marked with a i

are estimates based on similar measurements. Errors given in % represent relative errors.

Observables Belle or LHCb* Belle 11
(2014) 5ab~! 50 ab~! 8 fb~1(2018) 50 fb~*
UT angles sin 23 0.667 & 0.023 + 0.012(0.9°) 0.4° 0.3°  0.6° 0.3°
a [°] 85 &+ 4 (Belle+BaBar) 2 1
v [°] (B — DMK () 68 + 14 6 1.5 4 1
204(Bs — J/1) [rad] 0.07 4 0.09 £ 0.01* 0.025 0.009
Gluonic penguins S(B — ¢K°) 0.9075:%% 0.053 0.018 0.2 0.04
S(B — n'K°) 0.68 4+ 0.07 +0.03 0.028 0.011
S(B — KSKJKY) 0.30 +0.32 £+ 0.08 0.100 0.033
B (B — ¢¢) [rad] —0.17 4 0.15 4 0.03* 0.12 0.03
(B, — K*OK*0) [rad] — 0.13 0.03
Direct CP in hadronic Decays A(B — K%7%) —0.05£0.14 £0.05 0.07  0.04
UT sides |Vep| incl. 41.6 - 1073(1 4 2.4%) 1.2%
|Vis| excl. 37.5-1073(1 4 3.0%cx. + 2.7%m.) 1.8%  1.4%
|Viup| incl. 447 -1073(1 4 6.0%ex. &+ 2.5%n.) 3.4%  3.0%
|Vus| excl. (had. tag.) 3.52-1073(1 £+ 10.8%) 4.7%  2.4%
Leptonic and Semi-tauonic ~ B(B — 1v) [1079)] 96(1 £+ 26%) 10% 5%
B(B — uv) [1079] < 1.7 20% 7%
R(B — D7v) [Had. tag] 0.440(1 £ 16.5%)" 5.6% 3.4%
R(B — D*rv)' [Had. tag] 0.332(1 4+ 9.0%)" 32%  2.1%
Radiative B(B — X.v) 3.45-1074(1 £4.3% £11.6%) 7% 6%
Acp(B — Xs47v) [107%]  2.2+4.040.8 1 0.5
S(B — K%n%) —0.10 4+ 0.31 +0.07 0.11  0.035
28°%(Bs — ¢v) - 0.13 0.03
S(B — pv) —0.83 +£0.65 +0.18 0.23  0.07
B(Bs — ~v) [1079] < 8.7 03 -
Electroweak penguins B(B — K**tuvv) [1079] < 40 <15 30%
B(B — KTvp) [1079] < 55 <21  30%
C7/Cq (B — X /) ~20% 10% 5%
B(Bs; — 77) [1073] - <2 -
B(Bs — pp) [1079] 2.9715* 0.5 0.2

B. Golob et al., BELLE2-NOTE-PH-2015-002
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Belle || ECL: Crystal Calibration.

* Energy calibration: Convert
fitted amplitude to
deposited energy. Possible
non-uniform effects due to
radiation damage.

Oy E gy [70]

ime calibration: Convert

e T
fitted ADC clock ticks to
{

ime relative to zero
(trigger). Depends on
amplitude and background
level.

42
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Non uniformity compensates for

~ o Non-uniform crystals Cluster: 5x5
| e Uniform Crystals

Calibration: gamma

No background

longitudinal leakage!

400

350

300,

250

200

Q S o . \ i
® $360 ¢ ® oo o s o 0888
| | ] MR

102 10°
E\rue [MeV]

Example: 36.5 MeV < £ < 402 MeV 34___Correc tedTime40
Entries 15739

[ rrr 1 rrr1rrr 11t Mean 0.2541
RMS 26.03
Underflow 622
Overflow 580
Integral 1.454e+04
2/ ndf 83.98/95
Prob 0.7833
Mean 0.3996:-0.2185
Narrow Const 287.9:12.8
NarrowSigma 17.37:0.59
WideConst 96.42+-13.51
WideSigma 40.37+2.34

150

100
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Dark photon decaying invisibly at BaBar.

60 1
BaBar Data Preliminary
S0 Off—shell Heavy Mediator ve
40 Off —shell Light Mediator N map
«» [ On-—shell Light Mediator Offshelllgnt &
= e ek
20 * *
10F \ ma =12 GeV

;’L | mx= 1GeV
O ! ‘ ! ! | ‘ ‘ ‘ ; ‘ ‘ ‘ ‘ ‘
0 10 20 30 40
m’~=s-2Vs E; [GeV?]
ma =1 GeV
mx= 1G9V

R. Essig et al., JHEP 1311 (2013) 167
Y.M. Zhong, B2TIP Pittsburg 2016 43



