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Physics motivation

* Baryon spin structure

— Well studied for nucleon, but little for other baryons
* |tis well known that quark spin contribution to

proton spin is rather small

— How is for other baryons?

— E.g., A: quark model predicts s quark carries all spin
* Excited baryons

— How to identify exotic baryon from spin structure
e.g., A(1405): 3 quarks vs 5 quarks?

— Spin structure gives strong information



PDF vs fragmentation

* Quark spin contribution to baryon: Aq
- Fraction of quark spin in baryon spin

* Analog in fragmentation: polarization transfer

— Polarized quark = polarized baryon

* Naively those two are equal [Augustin and Renard (1979)]
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Quark polarization in weak decay

e Large quark polarization is expected in weak decays

— 100% polarization for massless quarks neglecting
spontaneous chiral symmetry breaking effect (PCAC)

* Quark = Baryon spin transfer can be obtained
oy measuring baryon spin in the final state

* Past measurements for A and A, using Z decay at
LEP with rather poor statistics




Past measurement at LEP

 OPAL and ALEPH measured A polarization in Z° decay
— Z7° = s: polarized by -0.94 __,,

— Contamination by »[ OPAL ]
ss-bar pair creation 1SET ettt ey
during fragmentation b RIS (ol g /
> treated in simulation, | ' ;

with sizable uncertainty |

— Consistent with quark
model within the
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Quark polarization in weak decay

* Large quark polarization is expected in weak decays

— 100% polarization for massless quarks neglecting
spontaneous chiral symmetry breaking effect (PCAC)

* Quark = Baryon spin transfer can be obtained
oy measuring baryon spin in the final state

* Past measurements for A and A, using Z decay at
EP with rather poor statistics

* Much larger statistics is expected with b and ¢
decays at Belle Il
—> Studies for excited baryons become possible



SuperKEKB and Belle Il

Upgrade for SuperKEKB and Belle Il to achieve 40x peak £ under 20x bkgd
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Positron source

New positron target /
capture section

Low emittance electrons

» Beam-background studies ongoing toinject .

Goal: x50 more statistics than Belle



KL and muon detector:

The Be”e ” deteCtor Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)
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electron (7 GeV)
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| ticle Identification:
e-0 .-Prdpagation counter (barrel)
oxX. Focusing Aerogel RICH (fwd)
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(Beryllium beam pipe:

positron (4 GeV)

2 cm diameter
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(Vertex detector: / /////I//

/
\2 layers DEPFET + 4 laye SSD

'Readout (TRG, DAQ):

Max. 30kHz L1 trigger

~100% efficient for hadronic events.
{1MB (PXD) + 100kB (others) per event
¥ | - over 30GB/sec to record

Offline computing:

Distributed over the world via the GRID ¥

Central Drift Chamber:

He(50%):C2He(50%), Small cells,
long lever arm, fast electronics

First new particle collider since the LHC
(intensity rather than energy frontier; ete- rather than pp)

arXiv:1011.0352 [physics.ins-det] 20



Quick history of Belle Il

Year 2016 2017 2018 2019
Japan FY 2016 2017 | 2018 2019
Summer Summer Summer Summer
shutdown shutdown shutdown shutdown
'Phase 1 elle . Phase 2 Phase 3
E— sl I - - - -
: I LER(e* : :
Main Ring (MR) i circul(ati:\g 1 VXD i
commissioning . MR commissioning for phase 2 i ~installation
| i { HER(e) ! i
: ' § circulating | During phase 3, Belle I|
Damping Ring (DR) lhstallation and commissioning DR commissioning  |activity of 9 month/year

* have been assumed /

T _— -_— | ] |

* Phase 1 —complete: Mostly devoted to accelerator

* Phase 2 —just finished:
Physics run with partial vertex detectors
L__.=5.5x10% cm2s*and L_~0.5 fb! achieved

peak int




The first hadron event

0:38, April 26, 2018
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Performance -- invariant masses
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* K, m’, D*, A, J/y... are clearly seen
Detectors are working well!
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Near future
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Year 2016 2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer Summer Summer Summer
shutdown shutdown shutdown shutdown
'Phase 1! Belle | . Phase 2 ‘Phase 3
[— insersion — E— - - -
: : LER(e* : :
Main Ring |(MR) L Cul(:tiz] VXD
commissic'?ning ' MR commissioning for phase 2 | HER(e)g installation
FR— circulating _

Damping Ring (DR) Installation and commissioning

DR commissioning

| During phase 3, Belle lI
' |activity of 9 month/year

have been assumed /

[
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I |

* |nstallation of VXD in this Autumn/Winter

* Phase 3 run will start early 2019
—> Full physics run.




Integrated Luminosity

Peak Luminosity
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Luminosity projection

BEASTII Phase 1

w/o QCS/Belle Il Collision + partial Belle |l

[ab-1]

[1035 cm-2s-1]

BEASTII Phase 2

Physics run
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Measurement at Belle |l

* Hyperon polarization in A_ decay
— Semileptonic: A, 2 Y +e(u) +v
— Non-leptonic: A, 2 Y+ 1
- Measure polarization of hyperon Y
* Ground state hyperons (A, )

— Spin structure of these hyperons
— Control samples for excited states

* Excited states
— Exotic states? Especially A(1405)

* Also possibilities for charmed baryons from B decay



Ground states

Existing data

— A, 2 A+e(p)+v:P=a=—0.86%+0.04

— A2 A+1":P=—0.91%0.15

— A, 22X+ 7% P=—0.45=%0.32

A polarization can be understood well from the
naive quark model — s quark carries all the spin

2., case is more complicated, and anyway the
uncertainty is still large.

Belle Il can improve uncertainty to a few % level
— Limited by systematics
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A (1405) case

e 3 quark (uds) vs 5 quark? A(1405)
e Bound state of KN?
 Double-pole structure?

Mysterious & interesting! 1.5

* We can distinguish
these cases

— If 3 quark state, P~+0.3  Re[z]

— If 5 quark state (or KN
bound state), P~0

— If there are two poles, P may change with mass

16
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Lattice calculation on A(1405)
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time

“ J.M.M. Hall et al., Phys. Rev. Lett. 114, 132002 (2015).

A(1405) spin is not carried by s-quark?



Semileptonic modes

* Theoretically clean, but experimentally difficult.
* No peak in invariant mass because of missing v.

* Tagging A_in missing mass?
— 36k tagged A_in Belle
— If BR to A(1405) + e(p) + v is 3% —> 1000 decays

— Acceptance & efficiency: 1%? = 10 counts?
(cf. Aev: 150 counts Auv: 110 counts in Belle )

—> Belle Il statistics (x50 of Belle) is certainly
necessary
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Nonleptonic modes

* Opposite pros and cons
— Experimentally easier, but interpretation is difficult.
* Decay mode: A, 2 A(1405)n* = Ztntn-
— A, 2 X't already observed in Belle [arXiv:1802.03421]

— A(1405) and A(1520)
in Dalitz plot

— Polarization can be
determined as a
function of mass with
Belle Il statistics




Summary

Polarization transfer from quark to baryon
< spin structure of baryon

s quark from charm weak decay is highly polarized
—> hyperon spin structure can be studied

Main target: A(1405)

— 3 quark vs 5 quark? Double-pole?
— Can be distinguished by polarization study

Belle Il will acquire x50 more statistics of Belle
— First collision on April 26t™, took ~0.5 fb™! since then

— Clear signals of K, A, ..., are already seen
— Full physics run will start from early 2019
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Existing data (from PDG)

c A2 A+e(n) +v:P=0=—0.8620.04 OK
« A,> A+mt P=—0.91%+0.15 oK
¢« A, St+ 0 P=—0.45%+0.32 OK?

— Contribution of strange quark should give P~+0.3, but there is a
contribution of up quark P~-0.6, giving P~-0.3 in total

Uu u -
C ~< s Xt
\\
% < w-
d 0
d d

Seemingly, the naive model can explain the existing data
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Another analysis

* By Liu and Liang (arXiv:hep-ph/0005172v1)
— Quark model (SU(6)) vs DIS + Hyperon-3 + SU(3)

— QM is favored, but
uncertainty in pair creation
is not taken into account

A
SU(6) DIS
AU L(x-D) 0 -0.17
AD (X —~D) 0 0.17
AS H(Z+2D) 1 0.62
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Past measurements (2) -- DIS

e Example in HERMES: polarization transfer from beam
positron to A. [PRD 74 (2006) 072004]

* Initially, u&d quarks i
dominate, and the £ pgee . S
. - i — pQCD
result is not S | auarkediquark
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