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Introduction — Heavy quark baryons

* Heavy quark in Baryon

— Bare quark = constituent quark y qQ‘,’o‘I "
— Makes a “static core”, light quarks play around )
— Diquark correlation enhanced? ’ A y

— New symmetry — heavy quark symmetry . . Q',‘
—> Hyperfine doublet for heavy quark spin. N

Nucleon Charmed baryon

«———HQS: spin
Approximately
conserved

Indistinguishable pairs  Light di-quark with inert charm?
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{51l : A _(2880)

Ex>400 MeVDOHQ/\NJA T, lE—IPHRESTULNSH
— 5/2* [Belle, PRL98 (2007) 262001]
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— DFEY2*MDBrown-muck-+spin 1/2 (c) = 5/2%, 3/2*MDF TLwhk
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High energy e*e collider

* Necessary for beauty baryons

— Comparison with charm baryons
— Finding heavy quark symmetry partners

e Statistics is the first issue

— High luminosity x high cross section

* Best energy?
— On Z mass

— Large
Cross
section
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Statistics@Vs=M,

A, multiplicity: 3.1%*1.6 per 100 hadron production events

—> Cross section: ~ 1nb

For integrated luminosity
of 1 ab! =2 10° events

10° reconstructed events

!

Similar level as = at Belle
— Enough statistics
— Chance for exotics

— Smaller statistics than LHC
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Merit?

* So, what is good for ILC compared to LHC?

1. Smaller backgrounds
e Good for excited states

2. Polarization

* Producedbis
> 90% polarized
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e Charm s also ~60% 0.8

polarized 0.75

0.7

. . . . 0.65

Physics with polarization 0.6
IS possible.

0.55

0.5




Determination of parity

* Spin is rather easy to determine from
e.g., decay angle distribution, but parity is difficult
* Why?
— Forthe case) 2 1/2+0 (e.g., Y 2 A+n),
different parity gives exactly the same decay distribution

— E.g., for J=3/2, the decay is either P-wave (A=1) or D-wave (A=2)
(for parity conserving case), so the problem is to determine A.

— However...



Example distribution

3/22>1/2+0

— A=1 (P-wave)
1,=3/2 > 1/=1/2: m=AJ =1
W (0, ) o |Y;1]|* « sin? O
1,=1/2 = 1,/=1/2, -1/2: m=AJ =0,1 (weight by C-G coefficient)

2 1
W(Q, @) X §|Y10|2 +§|Y11|2 C 3(:052 9 + 1

— A=2 (D-wave)
1,=3/2 > 1'=%+1/2: m=AJ,=1,2

1 4
W, p) §|}/21|2 +§|Y22|2 X sin® 6
1=1/2 > 1/=%+1/2: m=AJ,=0,1
2 3
W, p) « §|Y20|2 -I—gl}’lez o< 3cos? 0 + 1

Generally, A cannot be distinguished



Determination of parity

Spin is rather easy to determine from
e.g., decay angle distribution, but parity is difficult
Why?
— Forthe case) 2 1/2+0 (e.g., Y 2 A+n),
different parity gives exactly the same decay distribution

— E.g., for J=3/2, the decay is either P-wave (A=1) or D-wave (A=2)
(for parity conserving case), so the problem is to determine A.

J

One more information is necessary
—> Polarization is most powerful

— Model independent



Example: Spin 1/2 case

c Ex:X. 2 A +7m(1/2° 2> 1/2*+0)

— S-wave decay (P=—):

Pp_ = Ps_, independent of decay angle
— P-wave decay (P=+):
P—AC> = Ps_-7(20), depends on decay angle
(note: (P—A;) = 0 for this case, so feed down correction to A_
polarization is straightforward)

* |Incase of 2, Py.=— %PC~O.2 is expected from QM

— 6P < 0.01 > determination of 2 parity is possible!
— Higher excited states, too.



Spin structure study from polarization

* Helicity PDF: Aq, Ag
- distribution of (longitudinally) polarized parton in
a baryon.

* Analog in fragmentation: polarization transfer
— Polarized quark = polarized baryon
— Also reflects quark helicity structure

— The fragmentation polarization transfer factor is equal to the
fraction of spin carried by the f-flavor-quark divided by the
average number of quark of flavor f in the hyperon

— First suggested by Augustin and Renard in 1979
* Longitudinal polarization in weak decays

— Quark polarization: reliably calculable
— Baryon polarization: measurable



Past measurements (1) -- LEP

* OPAL and ALEPH measured A polarization in Z° decay
— Z° = s: polarized by -0.94 _.,,

— Contamination by » [ OPAL ;
ss-bar pair creation JETSET (defult popeomn)
during fragmentation I JETSET (modified popcon /
> treated in simulation, | P

with sizable uncertainty |

— Consistent with quark
model within the
uncertainty
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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 - 09T T T T

. . m
is not taken into account r 08| ®ALEPH mOPAL
— SU(6), LEP |
0.7 ---- DIS, LEP |
------- SU(6), LEP II
A 061" pis, LEP
SU(6) DIS
AU 3(X - D) 0 -0.17
AD (X -D) 0 -0.17
AS (X +2D) 1 0.62

0 0.2 0.4 0.6 0.8




Past measurements (2) -- DIS

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

* Initially, u&d quarks
dominate, and the
result is not
unexpected

!

Interpretation
is limited by
fragmentation
uncertainty

Longitudinal Spin Transfer
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So, what can we do?

* Problem: A can be produced from u/d quark
— Uncertainty for dilution

* This problem does not appear in heavier quarks

Il

Proposed measurement:
Polarization of charmed/bottom baryons,
especially A /A,



Polarization measurements

* Using decay asymmetriesin Ay, 2 A, + 1 (A, 2 A + 1)
— W(0)=1+Po.cosH

— Examples:
Ay 2> A+])/y:a=0.18+0.13, BR~0.03%(?)
A2 A+m o=-0.91%+0.15 BR~2%
A2 A+eu+v:a=-0.86%0.04, BR~3% each

— Can be better determined €< Should be measured first

e 0P~0.01 would be possible with 10° reconstructed events



Comparison with model calculation

* To what extent can we N
distinguish models? N I,

— In QM, Pp=Pp™-0.3 AU 1(x - D) 0 0.17

— 8P,,~0.01 gives SAC~0.01 N 1> D) ; o1

— Easy to distinguish AC™~1 AS L(x+2D) 1 0.62

and AC~0.6
* Theoretically, heavy quark symmetry supports QM

* Note: contributions from higher resonances, such as 2,

should be taken into account.
— Such contributions (on yields) are measurable
— Polarizations of such excited baryons should be modeled, too.



Yet another possibility

* Polarization can be measured for excited baryons

— Can be used to study baryon structure

* For example, A(2593) may be

1. Athree quark state of spin-0 diquark + c with relative L=1
(QM + Heavy quark symmetry)

2. A bound state of DN (Hyodo et al.)
3.
— If 1. isthe case, P = —%PC
—1f2,P=0
 Would be a powerful tool to identify exotic baryons



Double HQ baryon from top

In ILC energy, top can be also produced
Top itself does not make a baryon, but...
Topdecay:t > b+W —-b+c+s

- Two heavy quarks are @
produced (spatially) nearby @'_@_'
How near in momentum space?

— When b and c are going to
the same direction
p,~67 GeV/c, p.~19 GeV/c:y,~ y.~3.4

There is a chance to stick and make =y,



Summary

Rich possibility in ILC
Vs=m, is the best energy for b-baryon spectroscopy

— Up to O(10°) reconstructed events expected

— Very high polarization.

Polarization transfer from longitudinally polarized quark
to baryon < helicity contribution of quark in baryon
Baryon polarization can be further used for other studies
— Parity determination

— Exotic search

Chance for &, . in top decay?



Backup
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OZl rule
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Heavy Quark Symmetry

SN A= DAREVIL, BEUMIZREFE=Z=ICES
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(Jf(',) — (_.HHQE-J :{;&(2(!)

[ ]
limh

Luqer = Qv -iDQ, + Q, (D) .']QQ:- — (1) gsQy 7w ,
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Ex: comparison of =_and A /X

o T R T

1/2* N (2286)*
1/2+ > .(2455)

3/2* >* (2520)
1/2- A(2595)*
3/2- A(2625)*
? N.(2765)*"
?? >.(2800)

5/2+ N.(2880)*
?? A(2940)*

=.(2470)
=’ (2580)
=" (2645)
=.(2790)
=.(2815)
=.(2980)??
=.(3055)??

=.(3080)??
= (3123)??

* Which corresponds to which??
- Measurements allow systematic discussions

125
125
194
188
215
255

200

180

A(1405) like
A(1520) like



Analog state of A_(2880)?

* Mass difference of low-lying =_and A_~ 200 MeV
> =.(3080) is the analog of A _(2880)?7

* Branching ratio for A_(2880) [Belle, PRL98 (2007) 262001]
B(A: » X;m)/B(A; = Z, m) = 0.225 + 0.062 + 0.025
* The ratio is much larger for =_(3080) [Belle, PRD94, 032002 (2016)]
B(E.(3080)* - X**K™)/B(Zf*K™) = 1.27 £ 0.27 +£ 0.01
— Must be similar (or even smaller for phase space)
for analog states if HQS holds.
— They are not analog?



Analog state of A_(2880)? (cont.)

B(E, » X ""K7™)/BXITK™) is small for = (3055)
-> This may be the analog state of A _(2880)

Belle, PRD 89, 052003
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