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Baryon production at B-factory

l.ete” = cch? 2.B-decay At
e- &
¢ B C /
W
< /
et C U\
B is efficiently produced via
Y (4s)

Baryons produced via fragmentation
 Charmed baryons — rather direct

 Hyperons — later stage of

fragmentation Once bottom is produced, it

favorably decays into charm.

Huge statistics



Events / 3 MeV/c?

Huge statistics, good quality

3

x10

L L NN L N B L L B B I
500 — H —

| + -+

] A > pK™m™ -
400 — —
300 — —
200— —
o j & -

o I e

4 A IR AT A ARSI A PR AA 1S 0 TR SIS Vs AP AP 9 PRI, ]

9.15 i 2.25 2.3 2.35 24

M(pKT*) [GeV/c?]

>1 M events
reconstructed

Resolution:
<10 MeV FWHM

S/N~ 10



Double-Cabibbo suppressed decay
A > pK ™
* Weak decay amplitude of a charm quark

— c—>s:cosH, ~ 1
d: sinB_~ 0.23 <& Cabibbo suppression

— At the same time, emitted W decays into a gqgbar pair
qi

ud: cos0_
UuS: sin0_
* So, the decay 92
c = d(us) istwice W
suppressed ¢ a

— Doubly Cabibbo-suppressed decay

— Naively, decay branch is O(tan*0_) ~ 0.28% smaller compared to
counterpart (¢ — S(Ju))



Events / 3 MeV/c?

500 — n - 25000

DCS decay A > pK¥n™

CR:AY > pK™m™ DCS: Af » pK*n~
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Significant signal observed! 35874380 events
(significance 9.40) [PRL117, 011801]

BR(AT - pK*n™) = (1.61 + 0.2319:87) x 10~*

The first observation of DCS decay in Baryon




A new A excited states ?

Dalitz plot: Af = pK~m ¥ pri117.0118011
* The peak position is ¥1663 MeV, near the An

threshold (1663.5 MeV)

* Width is ~¥10 MeV, significantly narrower than A,
2 resonances in this region
E — A(1670): 25-50 MeV
— 3(1660): 40-200 MeV
- — 3(1670): 40-80 MeV
I02 — A(1690): ~60 MeV
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T T T i - 15 LMy « 2 independent groups claim there is a new narrow A"
WK [Sev'rc’) resonance at this energy with J=3/2
| — Kamano et al. [PRC90.065204, PRC92.025205]
JP=3/2% (Py3), M=1671+2-8 MeV, ['=10+22-4 MeV
— Liu & Xie [PRC85.038201, PRC86.055202]
JP=3/2 (Dy3), M=1668.5%0.5 MeV, [ =1.5+0.5 MeV
* The reason is the same

— From K'p = An measurement near the threshold by Crystal
Ball collaboration at BNL [PRC64.055205]

— Especially the angular distribution 2 Model independent

A(1670)??

Counts / 1MeV /c?

i : % * There is no state in quark models
18005; 1 1 1 I 1 L L 1 1 1 1 1 | 1 1 L 1 1 1 - |t mUSt be an EXOtiC
— udsss pentaquark??

1-.6 1.62 1.64 I 1.66 1.68 1:7 172
M(pK~) [GeV /c?]



EVas/s o Mav/c

Q). branching fractions

PRD97,032001(2018)
. :
g o= Signal Order of Resolution FEfficiency
-~ yield polynomial (MeV /) (%)
pos 691 + 29 1 5.1 10.08
20 403 + 31 2 133 295
108 £ 16 1 44 523
278 + 27 2 43 5.98
168 + 21 | 7.8 2.09
3 30 £ 36 1 16 EE]]
£ 98+ 15 2 70 1.73
N °KS 95+ 18 I 37 3.22
§ K Ka 17E8 ] 2 38 300
[17)

-

N SNBAZRIBE £ B B

Three modes are new
measurements.

1 2jﬁ I2.I55 2_.? 2_‘?5 I 213 285 5 - 26 2..55 2..? 2.5’5 I 2;3 2.85
Invariant Mass (GeV/c?) Invariant Mass (GeV/c)

Eight Q.+ decay modes considered.



Observation of excited Qc states at LHCB

Orbitally excited Q_ cannot decay to Qi+, therefore = _*K"is a good place to look.

Earlier this year, LHCb did exactly that:

PRL118, 182001(2017)

5 Narrow states
(+ possibly one wide one)

I
e
=)
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LHCb

BELLE can do the same!

Candidates / (1 MeV)
(2
S
o

We can identify kaons with
good efficiency. Cut at high
momentum (x, > 0.75)

3000 3100 3200 3300
m(Z.K ) [MeV]
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Confirmation of excited Qc states at Belle

PRD97, 051102 (2018)

arXiv:1711.07927, submitted to PRD.

(@
! } In Z.*K- mass spectrum, peaks
i i ‘,!' "l'l.l i ol ,,||~,n ..n { ] at 3000, 3050, 3066 and 3090
“i!" iy , . IR g "’.'"";T-!'Efﬂf""".F"':‘{.:r.-,:." MeV, 3119 MeV is not
Pt significant.

'l',l "I:|" |III|||J'III 8 1 ||l|||'i i .|: w'" il .
AT QT T e s i Four narrow states out of five
~apdy t W reported from LHCb confirmed.
4 | | rlong-sllgn cqmblngtlon
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https://link.aps.org/doi/10.1103/PhysRevD.97.051102
https://link.aps.org/doi/10.1103/PhysRevD.97.051102

Confirmation of excited Qc states at Belle

PRD97, 051102 (2018)

e [he masses and intrinsic widths of all six are fixed to the values

given by LHCb
e Strong confirmation of 2°%(3066) and Q°%(3090)

e confirmation of QY(3000) and 2%(3050)

e No confirmation of Q2(3119) (but no disagreement due to the small

statistics)
e confirmation of wide excess at higher mass.
Unit: MeV/c?

(). Excited State 3000 2050 3066 3090 3119 3188
Yield 37.7+11.0 282 7.7 81.7+13.9 86.6 £17.4 3.6 £6.9 135.2 =43.0

Significance 3.90 4.60 7.20 5.70 0.40 2.40
LHCb Mass 5000.4 0.2 +0.1{3050.2 0.1 £0.1|3065.54+0.14+0.3]3090.2+03+0.5|3119£03+09|3188 £5+13
Belle Mass 5000.7 £ 1.0+ 0.2 3050.2 0.4 £ 0.2 |3064.9 £ 0.6 £0.2| 3089.3 £1.2 +£0.2 - 3199 £ 9+ 4

(with fixed I')

e Alternatively, the masses of the five signals are measured by fitting
the same distribution without constraining the masses.

e |n all cases, the results are consistent with the LHCb values.
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https://link.aps.org/doi/10.1103/PhysRevD.97.051102
https://link.aps.org/doi/10.1103/PhysRevD.97.051102
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£:(2930)% in Bt > KTATA,

Belle reported a structure, called X(4630), in the A¥ A7 invariant
mass distribution inete™ - y;pALAZ;  PRL 101, 172001
BarBar once studied B* —» KAt A7 and found two small peaks in
M p+7- spectrum and a vague structure named E.(2930) is seen in

the distribution of My , . Larger data is needed to verify them.
PRD 77, 031101

Also, some theory explained that Y (4660) has a large partial decay
width to AL A7 and it’s isospin partner Y(4616) is predicted. PRD
82, 094008; PRL102, 242004

LA B B S B B LA R B L S S B B B B A~ [T T T T T T TTTT

PRL101,172001 | $HE
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£:(2930)% in Bt > KTAT A,

=.(2930) *

(C=+1)
A:’=udc,2';r+=uuc,Zj=udc,£‘c]=ddc,:,c =usc,Eﬂ—dsc,.Q2=ssc

M

£,(2930) 17)=2(2")

A peak seen in the A7 K~ mass projection of B~ — A;“ZC_ K events.

Z.(2930) MASS 2931 + 6 MeV
Z,(2930) WIDTH 36 + 13 MeV

tion for experimental resolution, we obtain m = 2931 =
3(stat) = 5(syst) MeV/c? and I =36 % 7(stat) =
11(syst) MeV. We do not see any such structure in the
mgg sideband region. This description is in good agreement
with the data (y? probability of 22%) and could be inter-
preted as a single =Y resonance with those parameters,
though a more complicated explanation (e.g. two narrow
resonances in close proximity) cannot be excluded.

Events/(10 MeV/c?)
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Observation of £,(2930)° in Bt - K*A} A, at Belle

Eur. Phys. J. C78, 252 (2018)

™~ -
§ —Data - 30 —— Data
g Wit § 25 E— o Igtt:: ann= (2930) Bkg
N —-- Background ()] - ... Phase Spa—:e
- = 20E Sideband
g () - === Generic MC
-~ 151
& et
o O [1TeedT
u>.1 E T e Ld] T N
= = - '-—;. B 'i-.;"!‘ p— .
- S T Ty Tt [ESTF RO T 00 NN [ A TR ML M £ L | lpig1 31313 2 L j-'. ': fy nty J.-:-"f gy :‘-'f-'.. -:-. ..—.:_‘." L
§o5 526 527 528 529 53 0%"28 285 29 205 3
M,. (GeV/c?) My, (GeV/c?)
153+14 B decay signal events. =.(2930)°—A_*K- 61+16 events

BF(B+—>AC+AC'K+) :(4.80i0.43i0.68)><1 g 510 significance

Clear confirmation for the BaBar claim, PRD77,031101(2008) and much
more precise M=2928.9+3.0 +0.8/-12.0 MeV, I'=19.5+8.4 +5.4/-7.9 MeV
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Events / 10 MeV/c?

Search for Y(4660) and its spin part in
BT - K*Af A, at Belle

30,
25
20F
15
10

——Data

= Total Fit
----- Fitted Bkg
Sideband

Events / 10 MeV/c?

30

25
20f
15f
10F

Eur. Phys. J. C78, 252 (2018)

——Data
- Total Fit
----- Fitted Bkg

Sideband

465

47 475
2
M, 5. (GeV/c)

» No Y(4660) and its spin partner Y, were observed. in the AZ A7
Invariant mass distribution

e 90% C.L. upper limits of B - K*Y(4660) - K*Af A7 and
B* - K'Y, - K*AtA; are 1.2x 10™*and 2.0 x 10™*.

16



Observation of Pc states at LHCb

LHCb: PRL115, 072001 (2015)

(a) c (b) 3K

0 b - +

Ay H_’\\S Ay u————— E ke
—b_\g} A* d > - d_

FIG. 1 (color online). Feynman diagrams for (a) A) = Ty
and (b) A) — PFK~ decay.

; A(1520) > pK~
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Events / (0.01 GeV/c”)

.
=

~20F

—40 |

Search for Ps states at Belle

i}
{*{‘(E {%}

_.\d}p

FIG. 1. Feynman diagram for the decay (a) Al — ¢pr® and
(b) AF — PFr°,

[
=
T LILIL

2*=->pn vetoed

=
LI

- No significant Ps signal

* Best fit yields a peak at M=(2025%5) MeV/c?
and I'=(22+12) MeV

TTIeTTIe ios 2% 21 pRDY6, 051102(R) (2017 ): 915fb

m(pp) (GeV/c?)

Number of candidate A, 2P %2> ¢pn® events: 77.6+28.1
B(A, 2P m)xB(P.,~>¢p)<8.3x10-> @90% C.L.
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https://link.aps.org/doi/10.1103/PhysRevD.96.051102
https://link.aps.org/doi/10.1103/PhysRevD.96.051102
https://link.aps.org/doi/10.1103/PhysRevD.96.051102
https://link.aps.org/doi/10.1103/PhysRevD.96.051102
https://link.aps.org/doi/10.1103/PhysRevD.96.051102

Production rates of charmed baryon
and hyperons

Inclusive e*e” = h (+X) cross section
o (2] + 1)exp(—(xm) O LEP Vs=92 GeV

OARGUS Vs=10.5 GeV
Deviation for A and A(1520)
In previous measurements
— J=0, light (ud) di-quark in A?

—

1
|||||_‘| T T T T T

deviations
-‘-

Need correction for
feed-down

mean rate / (2J+1)

—
o
na

How about charmed
baryons?

°°
+
10 III|III|IIIIIIIlIIIlIIIlIIIlIIIlI
08 09 1 1.1 1.2 13 1.4 15 1.6 W7
g
mass (GeV/c7)

New measurement in Belle

10 |
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Resultl -- hyperons

Slope parameter
a=-—7.31 0.3 GeV!

Enhancement of A and
A\(1520) is not observed

Suppression for
“bad diquark”?

Suppression of
multi-strangeness
baryons

— g - ss suppress

[arXiv:1706.06791]

T
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-;1023 ;)

- L™

N - e
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> | "

1 - 3(1385)"
- + A(1520)
: . ) R . . ‘- h\:\-“.\""ix\\‘.\

1 o ™ \\x
; =(1530)°
I o
—1 1 | | | I | | I 1 1 1 | | . | 1 1 1 | | 11 L1 | [ .|

1091 12 13 14 15 16 1.7

mass (GeV)
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Result2 — charm baryons

* A_line is siginificantly
above the 2_line
— By factor ~4

Slope
a =—6.3 + 0.5 GeV!
for A,
a =-—58+1.0GeV?
for 2.

“Good diquarks” are
preferably produced

[arXiv:1706.06791]
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2.2 2.3 2.4 25 2.6 2.7 2.8
mass (GeV)
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nature

The world is waiting for us

NEWS - 12 JANUARY 2018

Revamped collider hunts for cracks in the
fundamental theory of physics

Experiment smashes electrons into positrons to search for unseen

particles and problems with overarching physics framework.

Elizabeth Gibney

}° PDF version

RELATED ARTICLES

Rare particle decays offer hope of
new physics

Physicists excited by latest LHC
anomaly

e

https //www natre com/artlcles/d41586 018 00162-x 22



Need O(100x) more data = Next generation B-factories

Peak Luminosity Trends (e'e” collider)

SuperKEKB

Luminosity

108 |

40 times higher
luminosity

BXI¥ == = = = = = — = = = F = =23K

KEKB

=
&

=
B

=
=

SPEAR

10

10

1570

1580

1890
Year

200 2020
23



High-Luminosity Asymmetric B Factory

beam beam-beam
: %= % Lorentz current parameter
= Target luminosity is & = 8x10% cms™ factor
(x40 w.r.t. BELLE) Y geometrical
: : L Ys reduction
= Achievable in the nano-beam scheme ™ factors
(P. Raimondi for SuperB) g
» double beam currents beam aspect vertical beta-function
» squeeze beams @ IP by 1/20 ratio at the IP at the IP

)
o))
1
)
3
®
(g
®
1
(72}

| beamenergy | Ev

0425 0.28 |

I 41.5 mrad
18 24 3.2 4.6 nm
0.88 0.66 0.37 0.40 %
B*/By* 1200/5.9 32/0.27 25/030 |  mm
| beamcurrents | b [ 1.19 3 26 | A
129 90 0.088| 0.0807

100/2 10/0.059 um
2.1x10 | 8x 1035 | oms

24



High-Luminosity Asymmetric B Factory

heam beam-beam
; 5 Lorentz

= Target luminosity is & = 8x1035 cm2s-" e chor reduced CM boost

(x40 w.r.t. BELLE) N reduced vertex separation, At resolution

. , - _1 e increased detector hermeticity

= Achievable in the nano-beam scheme Y

(P. Raimondi for SuperB) b > e AN U —

» double beam currents beam aspeét vertical beta-funcffon

» squeeze beams G squeezed beams @ IP ) at the IP at the IP

e greatly improved constraint
for decay chain vertex fitting

| beamenergy | E JEER AN 4 A=l 7 GeV

0.425 0.28
' .3 mrad
x40 luminosity
higher background rates (~10-20 Za 3.2 i L
@ higher background rates ( ez X) 0.66 X 0.40 ”
» detectors occupancy, radiation ;
damage, fake hits, pile-up noise in 3.9 32/087 25/0.30 LiLLL
the calorimeter 19 3.6 ° 2.6 A
B= . higher event rate 90 0.088 LR 0.0807
N higher trigger rate, DAQ, computing ‘ ‘ | 9 um
7% ] © x40 produced signal events 0 ' 8x 03»5 cm2s™!

R ———— ————
25



Belle Il Detector

e

-

4. EM Calorimeter (barrel+endcap): \ ‘

™

Csl(TI), waveform sampling

\\\\\\\\\\

electron
(7GeV)

1. Vertex Detector
2 layers DEPFET + 4 layers DSSD

5.K,and p
detector:
Resistive Plate
Counter (barrel)
Scintillator + WLSF +

MPPC (end-caps)

positron
(4GeV)

2. Central Drift Chamber
smaller cell size, long lever arm

 3. Particle Identification

ﬁérrel : Time-of-Propagation counters

End-cap : prox. foc. ARICH

All sub-detectors are upgraded from Belle II:
* Except for ECL crystals and a part of Barrel KLM

Improved IP and secondary vertex resolution
Better K/m separation and flavor tagging
Higher Ks, n° and slow pion reconstruction efficiency

26



Transitions to Operations

Photo credit: M. Fried|
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SuperKEKB/Belle Il schedule [oc 2017
<>

/

Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 20[L8 (power saving)
/ ! (end Feb. —mid Ju. 2018) \w/ full Belle I
phase 1 Weooe, 'phase 2 (MR); ' phase 3
|/ : [ - - -
| w/ QCS I |
MR renovation for phase 2, including e RIS e :
MR startup installation of QCS and Belle II : LER igﬁ VXD installation
I ]
: : | | Assumes phase 3 operation
DR installation & startup DR commissioning : 9 months/year
l l
| |
1 1

T T T | I T | |

« Phase I: commissioning of the main ring; installation of outer detectors; vacuum
scrubbing and beam bkg. studies

« Phase 2: start of the collisions, detector commissioning without vertex detector;
first physics runs on Y (4S) and Y (6S) (~20=+20 fb-t) [now- July 2018]

» Phase 3: full detector operation in the end of 2018 28




Status of Belle 11 Physics Book

Belle 11 physics book (>630 pages), to be printed by PTEP very soon
https://confluence.desy.de/display/Bl/B2TiP+ReportStatus

The contents include Belle Il detector, simulation, reconstruction. analysis software

B decays, CKM angles, charm, quarkonium(-like), t, new physics, ....

Some golden channels are given with Belle Il MC simulations, theoretical

discussions, sensitivity and systematic estimates

50 ab':
g 15 (x.¥) =(0.8,07) | cpvalowed
e -1.62F - r
S e = Il sackground-u v, v, Belle Il 50 ab™
g_ ' - Background: 1t v, | | |
% 166 :_- Background: u* p (y) 1
x -1.68 :_- Background: q @ . -‘ - .l. {
£ B e oo pEA - S
s F LRI Y . ' .
§ -1.72 - - o e %a oo ;I:P‘tl G qu . . T
— * " L
Wy ,1_74:_ ..... ..u?‘.; o .’I‘;..?.OD o) E_LD_D/D s - L
176 — goe% o oe0mee® O o e o L
_178F- . o S . | E—
= o -. l 1o
-18— *
= 20
_182[— 3o
= | | 1 | 1 | 1 1 1 | B
02 0 0.2 0.4 0.6 038 -0.5 2o
M, , x coso + AE x sina [(GeV/c] I R L1 L L1 M50
-0.5 0 0.5 1 15
X (%)

MC signal and background estimates for T — yu .
Mixing constraints D° — DY system

@ > 11.50 to exclude no mixing (x,y)=(0,0) with CPV-allowed 20
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Belle Il possibilities

* Many things, but some of them can be done in Belle, too

— We have not used the full potential of Belle data

* Examples include:

— Search for more Y_ resonances in unsearched modes; e.g., An

p—

— JP measurements for A_*, = *, Q_* ...; Partial wave analysis.
- We can determine J? of most of presently known states
- Comprehensive list of charmed baryons

— Search for =* and (Q* resonances in the decay of A_and =_.
— Weak decay branches and decay asymmetry parameters

— Exotic search: pentaquarks, dibaryons, ...
e.g., ND, ND(or ©.),H, H, AN, ...
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Q(B Inclusive A" — X

Belle IT

ee _:.D Xfrngp Ac+

tag

MC Simulation [5.5 ab™]

Xirag - @ few unflavored mesons
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Mmiss(Dtagxfragp) [GEV]

=> Belle Il yield in 50 ab': 2.8 x 10° inclusive

Unique sample:

® allows measurement of A,absolute branching fractions
® allows measurement of semileptonic A, decays

® allows searches for A,rare decays with missing energy
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Summary
m Belle data taking is over, but still actively publishing results.

Many interesting results are from baryon spectroscopy.
-- First observation of doubly Cabibbo-suppressed decay in A —» p K*m~
- Q). and excited Q. studies
- First observation of £2(2930) in B decays
--Search for Ps in A, = pom® decay
-- Production rates of charmed baryon and hyperons
m Interesting results are expected at Belle Il, where 50 times
more statistics than Belle.

--Spin-parity determination of most baryons and hyperons.
--Search for new baryon/hyperon resonances
-- And more ...

zot8

154240 3
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SVD ladder mount

e Jan 2018: Mount of the +X half shell was
successfully completed



F/rst Measurements of Beam
Backgrounds at SuperKEKB,
submitted to NIMA, 101 pages

* Final experiment/simulation
LERBeam- gas:M.87" M
LERM@ouschek :M.4 "} @
HERMeam- gas:108" "

HERMouschek: [@.8" [
e Phase 2 dedicated beam
background detectors installed
— VXD Volume: FANGS,CLAWS,PLUME
— VXD dock space: TPCs, He-3 tubes
— On QCS: PIN diodes, scintillators

* Next challenge: Phase 2 integration
of DAQ and simulation

S. Vahsen, H. Nakayama et al


https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL

Phase Ill:

Milestone: Completion of +X clam-shell of the SVD on Jan 18, 2018




