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i Physics at B-Factory

Belle IT

* CP Violation O Challenge in Bottomonia Spectroscopy
*  CKM matrix elements: V,, V. * Some predicted but not observed
* CPVin charm sector * Some observed but not predicted

* Precise measurements

* Bottomonium spectroscopy
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Belle IT

el [irst Generation of B-factories
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]  SyperKEKB/Belle Il Upgrade

Belle IT
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o BEAST Il Schedule

Belle IT

Beam Exorcism for A STable experiment (BEAST Il)

To characterize beam-induced backgrounds near the interaction point (IP)

O Phase 1(2016.2-6): Beam commissioning, without collisions & Belle |l

O Phase 2 (2017.11-2018.3): partial Belle Il is rolled in, no vertex detector, collision
tuning starts.

O Phase 3 —Physics Run (2018.10-): Full Belle Il
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Belle II

]  Towards First Physics: Phase 2

Layout of the BEAST2 inner detector elements for Phase 2.

Goals of Phase 2

* Achieve luminosity of 1034cm-2 s1, understand the background for safe operation of vertex
detector(VXD).

Opportunities for first physics?

*  Plan for 4-5months of machine studies, 1-2months may contain physics data taking.
*  Maximum possible energy 11.06 - 11.25 GeV, energy spread assumed to be ~5MeV.
* Stable operation close to Y(4S) preferred

* Efficiency losses for low P, particles, no appreciable losses in photon efficiency.

* particle identification may not be fully reliable.

*  Rough estimate of integrated luminosity (20£20 fb-1)

hua.ye@desy.de 6



Early Physics: Bottomonia Spectroscopy

Belle I
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o Bellow Y(4S)

Belle I
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Measured by BaBar, Belle, and CLEO

Y(2,3S)—>yn,(1S), hy(1,2P)—>yn(1S,2S)
Evidence of h,(2P)—yn(2S)

Measured 1n,(1S) mass disagree at
the~ 3.50 level.

Further measurements of 1n,(2S) are
needed.

Potential at Belle Il

radiative transition Y(3S) — vy n,(1S,2S)

e Given B(Y(3S) = vy n,(1S) ) ¥5X10-4, one expects
~800 1,(1S) /fb1, assuming an efficiency of ~ 40%.

Y(3S) — nh,(1P)— yn,(1S)
* Expects ~350 n,(1S) /fb-1
Y(3S) = Yxpol2P) — M M,(1S)

* No previous searches, theory prediction: B(yo(2P)

— 1 Np(15))~103
* Expects ~10 1, (1S) /fb?
* Require a 200fb-1 Y(3S) sample

hua.ye@desy.de

Study of n,(1S,2S) at Y(3S)
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] h (1P)and Y(n3D,) Studies at Y(3S)

Belle IT

(4.3£1.4) x 104 s

O Study of h,(1P) at Y(3S) j
g 164

BaBar searched h,(1P) in two decay channels v:ﬁﬁ =

«  B(Y(3S) > w'mhy(1P)) < 1.2 x 10+ - 16 sioni -

. B(X(3S) - 10 hy(1P) - y1,(1S)) = @ .1o significance -

PhysRevD.84.091101

b | |
(=)

9.95 v
O Y(n3D,) Measurements m.m.(1?) (GeV/c?)

* Only one (of 6 predicted) D-wave bottomonium state, Y(13D,) has been observed.
* Predictions from theory: Limited mass range, very narrow, decays dominantly to yy,,(nP) (~70+%)

Babar: Y(3S) — yyY(13D,) — it Y(1S)
Y(13D,) | 10145-10155MeV | Y(13D,) | 10163.7+1.4MeV R _
¢ Data
~ 20 : ]
Y(1°D;) | 10168-10172MeV | Y(23D,) | 10420-10460MeV | & B v,
(3 — = X, 2Py) =YY (1S) :
7-9 times increase of Babar statistics is needed. § A f]}n(fs()ls) -
Opportunity for Belle 1l early Physics: = T Y)Y (2S) i
* 4y mode: 1{35)— yx,(2P) =y 1{1D)— yxp,(1P)— g ! lL Il *»
y111S) gL iben il RS
. . . % W) 1 slelle o AR !
* Y(n3D,) (JP¢=1-) can be directly studied via a beam 0 10.15 02 1025
energy scan. o l'T mass (GeV/c)
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Analysis with converted photons

e BaBar used photons converting into e*e~ pairs in detector material to study
radiative bottomonium decays.

* Although the efficiency for converted photon reconstruction is much lower than
that for calorimetry (by a factor of 20-40), energy resolution is improved (e.g.
from 25MeV to 5 MeV for n,(1S) transitions)

Based on the 30fb™ Y(35) sample of Babar PhysRevD.84.072002
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* Most of photon conversions occur at an inner radius before entering drift
chamber, resulting in better energy resolution since less multiple scattering.
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@] Hadronic/Radiative transitions

Belle IT

« Hadronic transitions and decays
« mtr- transitions: Y(3S)—>atn-Y(1S), x,,(2P)>n 1 %y (1P), Y(1D)—>m+n-Y(1S)
* 1 transitions: Y(3S)—>nY(1S), Y(1D)—>nY(1S)

* o transitions: y,(2P) - ® Y(1S)

« Radiative decays

« Calibrate the EM Calorimeter.
*  Y(3S)->vy,(1P) difficult to measure due to overlapping photon transitions.
*  vp0(2P)—>yY(2S) only reached a significance of 2.20.
* Y(1D) in 4y mode:
Y(3S)->1x60(2P)>yY(1D) —yx6,(1P)—>yY(1S)

hua.ye@desy.de
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Do Above Y(4S): Ecm Scan

Belle IT

Sparing studies of the rigion between 10.6 GeV and 11.25 GeV

* In 2008, Babar published results used 3.3fb-1 data with 300points.

* Belle first collected 8fb-1 scan data, then followed by 19 points of about 1 fb-1each in the
range from 10.77 to 11.02GeV.

* Belle also accumulated 6fb! data at Y(6S).

Expect to study during Phase2

* Rb=0(bb)/o(uw)

* o(Y(nS)rtm) and o(hy(nP)mm)
(potentially search for Z, states)
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</ Charged bottomonium-like states: ZB—L

Belle II

Anomalously large Y(5S)— mutY(1S,2S,3S) and ruth, (1P, 2P) transitions led to discovery of fo.

[ 5 Y(2S) 2
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Search Z]E)—F states from Y(65S)

What is the situation at Y(6S)?
* Base on the 6fb1 data collected by Belle
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The fixed shape Zb fit
is favored compared
to the phase space fit
by 3.40 and 4.7¢ for
the hb(1P) and
hb(2P), respectively.

Resonance structure
in Y (6S)—mmnY(nS)
decays are not fully
studied.
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Summary

Belle Il will be the new intensity frontier experiment with ultra high luminosity, aiming of
precise measurements and searching for new physics in bottomonium mass range.

Belle Il physics data taking will start in 2018, first data with partial detector in 2017.
Various bottomonia spectroscopy topics that could be considered in the early data taking
phase for Belle Il is covered. Considering the detector condition of BEAST Il Phase2, many

of the proposed analyses are not overly sensitive to particle identification, nor to vertex
finding precision, but mostly limited to existing sample sizes at specific collision energies.

Thank vou!
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