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Baryon production at B -factory

l.ete” = cch? 2.B-decay At
e- &
¢ B C /
W
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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
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Double -Cabibbo suppressed decay
“HO nu ‘
* 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 -4© nu “

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




Anewy A @A ODOAD A O
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)
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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 | c 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:
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e
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Candidates / (1 MeV)
(2
S
o

PRL118, 182001(2017)

3000

3100

LHCb

3200 3300
m(Z.K ) [MeV]

5 Narrow states
(+ possibly one wide one)

BELLE can do the same!

We can identify kaons with
good efficiency. Cut at high
momentum (x, > 0.75)
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Confirmation of excited [ c states at Belle
PRD97, 051102018)

arXiv:1711.07927, submitted to PRD.
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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 [ c states at Belle
PRD97, 051102018)

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. >


https://link.aps.org/doi/10.1103/PhysRevD.97.051102
https://link.aps.org/doi/10.1103/PhysRevD.97.051102

‘“ in A O & -

A Belle reported a structurealled X(4630), ithe¥ ¥ invariant
mass distributiomQ'Q ©1 ¥ ¥ PRL101,172001

A BarBaronce studied © 0 ¥ ¥ andfound two small peaks in
§) spectrum and a vague structure naffped w g iH seen in

the distribution oD . Larger data is needed to verify them
PRD77,031101

A Also, some theory explained that Y(4660) has a large partial dec
widthtoy ¥ and 1t 0s 1 sospin p&RO n
82,094008; PRL102242004

. ﬁ}

PRL 101, 172001 <3

Ny X
o Dl it :
0 _JfHHﬂjﬂ[}lhtﬂ#ﬁwﬂhﬁ g 5 JTLR 1) ) (LN . Il
45 4.6 47 48 49 5 5.1 5‘2 5‘3 5.4 28 285 29 295 3) S5 46 465 47 475 48
M(AT AD) GeV/c? m(A; K) (GeVic) m(A! &) (GeV/c?)

13



“ in A O & o

=,(2930) * S

@16 3 () E
CHARMED BARYONS ZI4E E
2 C ]
(C=+1) Sl2p E
A:=udc,2';r+=uuc,Zj=udc,£€=ddc,5j=usc,52=dsc,ﬂ2=ssc :\:]O:_ E
- Z gk E
=.(2930) I(JP)=2(2") M :
[SA R .
A peak seen in the A7 K~ mass projection of B~ — A;“ZC_ K events. j 3 -L E
Z.(2930) MASS 2931 + 6 MeV 91515[ YRS 4'_}5 411:8
Z.(2930) WIDTH 36 -+ 13 MeV ' ‘ - ( AT ( GeVic)
tion for experimental resolution, we obtain m = 2931 = o .
3(stat) = 5(syst) MeV/c? and I =36 % 7(stat) = E}é
11(syst) MeV. We do not see any such structure in the s 14
mgg sideband region. This description is in good agreement 2 0
with the data (y? probability of 22%) and could be inter- @ 6f
. e . 4F -
preted as a single =Y resonance with those parameters, 2f Al :
though a more complicated explanation (e.g. two narrow U8 285 29 295 3

' . A} K) (GeVic?
resonances in close proximity) cannot be excluded. m(f; K) (GeVic)
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Observation of e. in | © L ecaHAHI

Eur. Phys. J. C78, 252 (2p18

© 70F Dat =
S E —~ Uaa - 30 —— Data
£ 60 B S : oo Igtt:: ann= (2930) Bk
N 50:— —-- Background % 255 PnaseSpa-:e ’
w, = oL Sideband
g ADE 9 === Generlc MC
E ~ 151
& 3F 8
20t s °F |1 Terdl
> S R - it 0 O O L T
10 51 - 5 E— = -.J' g )
El PR Ty T (L20 FE T T YIS (L TR ST (A TR lg1g131313 0 poeda: : . '.'—.""":_..-J. A .-Jl :'f-f-:-:-':—:-‘.' o
§05 526 527 528 529 53 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?
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A No Y(4660) and its spin partnér were observed. in the ¥
Invariantmass distribution
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Observation of Pc states at LHCDb

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”)

Search for Ps states at Belle

(a) S (b) u

0%5} ’ w {U}nﬂ

TSy {%}
_’\d}p I

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

wf m 1 X*>pnlvetoed

ogi_—f:._ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - I —  ANo significant Pssignal
-20F > 3 ABestfit yields a peak at M=(2025 5) MeV/c?
_of -I— <o 1 andi=(22n 12) MeV

BT R B Y TR Y YR Y T PRD96, 051102(R) (20t ®15fk!

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
"

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]
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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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mass (GeV)
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nature
— The world Is waliting for u

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 11 WwWw. natUre conﬂarﬂcles/d4158601800162x -



Need O(100x) more dath Next generationB-factories

Peak Luminosity Trends (e'e” collider)

SuperKEKB

10 |

40 times higher
luminosity |

Luminosity
=
%

=
=

10

1550

Year

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



= Target luminosity is & = 8x10% cm2s™

Lorentz

(x40 w.r.t. BELLE)

= Achievable in the nano-beam scheme

4

>

factor ) )
N reduced vertex separation, At resolution

High-Luminosity Asymmetric B Factory

heam beam-beam

reduced CM boost

- _J o increased detector hermeticity

) : 2¢
(P. Raimondi for SuperB) W\ T———
double beam currents beam aspect vertical beta-funcffon
squeeze beams G squeezed beams @ IP ) at the IP at the IP
e greatly improved constraint
for decay chain vertex fitting
1) d d -
| beamenersy | E JEEE 8 4 A7 GeV
0.425 0.28
- ' 5 mrad
x40 luminosity
higher background rates (~10-20 Za 3.2 i L
r round r ~10- -
@ higher backgrou aes(. . X) 0.66 37 0.40 %
» detectors occupancy, radiation \
damage, fake hits, pile-up noise in 22 32/0R7 25/0.30 mm
the calorimeter 19 3.6 ° 2.6 A
e=. higher event rate 90 0.088 | A== 0.0807
N higher trigger rate, DAQ, computing | 9 um
2% | © x40 produced signal events 0 8x 03»5 cm™?s”

T —————.
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Belle |l Detector

5.K,and p

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

Csl(TI), waveform sampling

Resistive Plate
Counter (barrel)
Scintillator + WLSF +

MPPC (end-caps)

\\\\\\\\\\

electron
(7GeV)

1. Vertex Detector
2 layers DEPFET + 4 layers DSSD

positron
(4GeV)

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

.
{ 3. Particle Identification
| Barrel : Time-of-Propagation counters

End-cap : prox. foc. ARICH

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

A Improved IP and secondary vertex resolution
A Better K/ separation and flavor tagging
A Higher Ks,” © and slow pion reconstruction efficiency

26



Transitions to Operations

Photo credit: M Fried|
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SuperKEKBelle Il schedule:z
>

Calendar year 2016 2017 2018 2019 nnn
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown M Summer shutdown
(power saving) (power saving) after mid July 2018 (power saving)
: (end Feb.t mid Jq]' 2018) :W/ full Belle 11
phase 1. see .phase 2 (MR)  phase 3
I / QCS I : T
W,
w/ Belle II (no VXD) :
|

MR renovation for phase 2, including !
MR startup installation of QCS and Belle I HER start ,

S LER start | VXD installation
I

|
|
|
|
|
|
: : . | Assumes phas@ operation
DR installation & startup DR commissioning ' | 9 months/year
| |
| | /
| |

A Phase:lcommissioningf the main ring; installation of outer detectors; vacuun

| I | I ] | I |
scrubbing and beam bkg. studies

A Phase 2start of the collisions, detector commissioning without vertex detectc
first physics runs on Y(4S) and Y(6S) (+=2Q0 flo!) [now- July 2018]

A Phase 3full detector operation in the end of 2018 28




