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Hard production of hyperons
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(2) H. Kawamura, S. Kumano, T. Sekihara,

Phys. Rev. D 88 (2013) 034010 (arXiv:1307.0362).



Constituent-counting rule in perturbative QCD:
Hard exclusive processes a+ b —c +d

Consider the hard exclusive hadron reactiona+ b — c+d

M, .= jd [x,1d[x,1d[x 1d[x,1¢.(x . D¢,(x,DH, ([x,]1,[x,1,[x.]1,[x,1,0°)¢,[x, D, [ x,])
¢, = proton distribution amplitude, H,, = hard amplitude (calculated in pQCD)

Rule for estimating M

ab—cd

(1) Feynman diagram: Draw leading and connected Feynman diagram

by connecting n /2 quark lines by gluons.
(2) Gluon propagators: The factor 1/P’ is assigned for each gluon propagator.
n/2-1

There are n/ 2 —1 gluon propagators ~1/(P?)
(3) Quark propagators: The factor 1/P is assigned for each quark propagator.

There are n/ 2 —2 gluon propagators ~ 1/(P)"*>.

(4) External quarks: The factor JP is assigned for each external quark. "¢ gé Te
There are n gluon propagators ~ /P)". 99
1 1 Py 1 1 93
Ma —>C = n/2— n/2— (\/;)n - n— n/z— =5 n— p i nia— E
b—cd (PZ) /2—-1 (P) /2-2 (P) Z(P) /2-2 (P) 4 S /2-2 - g .
lal = 1 o
Cross section: O 2|Mab_m, =

dt  16xn’ SCN2
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Constituent-counting rule, Transition from hadron degrees
of freedom to quark-gluon ones

Typical current situation
* Transition from hadron d.o.f to quark d.o.f.
* (Looks like) Constituent-counting scaling

s’do/dt [107 nb GeV'?]
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o Negative-parity baryons
A(14OS) - EXOth hadl‘()ll? N. Isg::’r and le Karl,
PRD 18 (1978) 4187.
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Exotic hadron production
] J— =2 H |#~+p— K"+ A(1405): J-PARC,
1400 | (rrrrs.) | COMPASS?
NOB35y AQ405) , AT y+p—> K +AQ1405): JLab
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Most spectra agree with the ones by a 3g-picture
e Only A (1405) deviates from the measurement.

o Difficult to understand the small mass of A (1405)
in comparison with N(1535).

— KN molecure or penta-quark (ggqqq)?

stdo/dt

Resonances

J\J\ 3q for A(1405)

5q for A(1405)
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JLab hyperon productions
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JLab hyperon productions including A(1405)
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« A. A(1520) and X seem to be consistent with ordinary baryons with n = 3.
» A(1405) looks penta-quark at low energies but n ~ 3 at high energies???
e« 2(1385): n=3512??
— In order to clarify the nature of A(1405) [qqq, KN, qqqch] §
the JLab 12-GeV experiment plays an important role!



Tensor structure
of the deuteron



Almost none of nucleon spin

Ty, e e — Nucleon spin crisis!?

Nucleon spin

-@.,

Naive Quark Model Sea-quarks and gluons?  Orbital angular momenta ?

“old”’ standard model

Tensor structure b, (e.g.deuteron)  Tensor-structure crisis!?

@& | Fe
% %ﬁ

only S wave S + D waves blexperiment
— 13 %
b,=0 standard model b,#( Fh Srdard Tadel




Roles of quark degrees of freedom in deuteron

The deuteron is a well-studied system
by hadronic degrees of freedom

If we find that the deuteron is not simple bound system of a proton
and a neutron (namely if we find an exotic quark signature), it is
an important discovery and it could open a new field of spin physics

(and possibly a new topic of nuclear physics), which is very different
from current nucleon-spin physics.




Situation

e Spin structure of the spin-1/2 nucleon
Nucleon spin puzzle: This issue is not solved yet,

but it is rather well studied theoretically and experimentally.

e Spin-1 hadrons (e.g. deuteron)

There are some theoretical studies especially on tensor structure
in electron-deuteron deep inelastic scattering.

— HERMES experimental results — JL.ab experiment

No experimental measurement has been done for
hadron (p, &, ...) - polarized deuteron processes.

—>



Purposes of studying polarized deuteron reactions

(1) Neutron information

e Polarized PDFs in the neutron
(Note: There are contributions from b, to longitudinal spin asymmetry Afd .

(2) New structure functions
e Tensor structure function b,
— (1) Test of our hadron description in another spin

(2) Description of tensor structure by quark-gluon degrees of freedom

(3) Asymmetries in polarized light-antiquark distributions
e Au/Ad,Au/A,d

Status eec+d e’ +X

Theoretical studies: some
Experimental measurements: HERMES
Future experimental measurements: JLab

ep+d o utu +X
Theoretical studies: a few papers
Experimental measurements: none (Fermilab, hadron facilities, ...)



Cross section for e+d > e’ + X A &
e q
1 , d’k'
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Electron scattering from a spin-1 hadron

P. Hoodbhoy, R. L. Jaffe, and A. Manohar, NP B312 (1989) 571.
[ L. L. Frankfurt and M. 1. Strikman, NP A405 (1983) 557. ]

pupv l A,O L A o c . :

Wuv N _Eguv i Fz v + 8 ;guvloq s t+8, Fguvloq (p qs —S-qp ) spin-1/2, spin-1
1 1 1 _
S0y & gbz (suv +¢,+ uu‘,) + 5b3 (sm, - uﬂv) + 5b4 (Suv — tm,) spin-1 only
Note: Obvious factors from ¢“W,, = ¢'W, = 0 are not explicitly written. E* = polarization vector
v=p-.q, k=1+ M?Q? /V2 , E>’=—-M?*, s° = —%SG“ﬂTE;Eﬁpr b, 5%, b4.tems are defined so that
they vanish by spin average.
o 1 q-E*q-E—lsz o e S = ) q-E*q-E—lVZK PuPy b,, b, tems are defined to satisfy
uv 2 3 uv uv 2 3
“ v v 2xb, = b, in the Bjorken scaling limit.

1 * * * * 4
t/iv = T2 (qE puEv+q'E vaﬂ+q-EpﬂEv+q-Evaﬂ—§Vpﬂpv)
Y > 3 2xb, = b, in the scaling limit ~O(1)
u,=—|E,E,+E,E, +-M’'g, —— M?
5 v( b i ey T 3p"p") b,, b, = twist-4 ~ —-

2



Structure < (do) >M<
Functions

g, = do(T,+1)-do(T,-1)

11

1
b it (0) 2 do (+ +do (-
note: ¢(0)— Bl ;— A 3 — — [0'(+1) + 0'(—1)]
1 = 1
Parton i Ezi"e"z(q" ¢ q") q9; = g(qz'ﬂ +q, + qi_l)

Model ; L
% Ezeiz (Aq,- iy A‘Ii) Ag; = quTrl K qif

I:qf(x’QZ):l 1 =%Zeiz(6Tqi+6T6i) 6qu' =% ' 2 .



Personal studies on tensor structure of the deuteron

Motived by the following works.

Sum rule for b, Hoodbhoy-Jaffe-Manohar (1989)

F. E. Close and SK, Phys. Rev. D42 (1990) 2377.
Polarized proton-deuteron Drell-Yan: General formalism

. Polarized deuteron acceleration at RHIC:
M. Hino and SK, Phys. Rev. D59 (1999) 094026. E.D. Courant, Roport BNL-65606 (1998)

Polarized proton-deuteron Drell-Yan: Parton model
M. Hino and SK, Phys. Rev. D60 (1999) 054018.

Extraction of Ai/Ad and A,/ A;d from polarized pd Drell-Yan
SK and M. Miyama, Phys. Lett. B497 (2000) 149. v

HERMES measurement on b, (2005)

* Projections to b, ..., b, from Wy

T.-Y. Kimura and SK, Phys. Rev. D 78 (2008) 117505. | Ferepassibiies

e Tensor-polarized distributions from HERMES data
SK, Phys. Rev. D82 (2010) 017501.

JLab experiment ~2019, Fermilab pd Drell-Yan? LA HAC- o il VL Pl )
J.-P. Chen et al. (2011) — approved!




Constraint on valence-tensor polarization (sum rule)

qg—0
—

[ dx 7;;

jdxbf)(x) = %Idx[b}uv +5Tdv]+%..

dx| 85,u" +26,d" +6,5" |

Elastic amplitude in a parton model

Iyn=(p,H|J)(0) p,H)

1 1
E[Fo,o — (i + T ]= §I dx[8,u,(x) +8,d, (x)]

Idx[qu +q:; —qp -

Macroscopically

1 1
E[FM - 5(1“1,1 +T,,)|= —llm F,(®)

jdbe(x)—ég[Fo,o —%(r11 +F_1_1)}+% '

=—§llth (t)+—jdx[86 u’ +28,d° +6,5 ]

6 —0

=0(valence)+ﬁjdx[86}u +26,d" +8,5" ]

F.E.Close and SK,
PRD42, 2377 (1990).

Intuitive derivation without calculation:

Idx b, (x) = dimensionless quantity

= (mass)’ - (quadrupole moment)

q +1 ) q

0.q. L
th ql 2
6Tqv 6Tq_6Tq

Foo—llm[F(t)—— (t)] IFil S Fll—llm[F(t)+ (t)}

dx| 86,u" +26,d" +85,5" |

Constraint on tensor-polarized

valence quarks: jdx 0,q,(x)=0




Similarity to the Gottfried sum rule TRl R s Fa e R

4 By 8- ] Nl
T Ff (x),0 = x| —{u()+ (o)} + - {d(x) + d(x)} + ~{s(x) +5(x)}
Se= |, —[Fr@)-Frw)] 3 : ¢ :
Ff" (1)1 = x| g {u(0)+ @0} + E{d(x) +d(x)}+ Sl@+5}

—+—j dx| w(x)—d(x E = 1 L 1 <
3 3o [ (x) —d( )] =x 5{d(x)+d(x)}+§{u(x)+ u(x)}+§{s(x)+ 5(x)}
] | Pl A 1 : - 3 ~ 3 n Y

3 if u=d [ @o = B (01 ] = a0 + @0} - S{d) + d(0)}

1 1 1 1 -
(Gottfried sum rule) f. %[F;‘” (o= Ff" 0o | = [, dx[—{uv (x)+ 22 (x) } - —{dv (x)+2d (x)}}
Q- 2
NMC measurement (PRL 66 (1991) 2712; PRD 50 (19949 R1) =33 gf dx[#(x)-d(x)]

J-O.S [Fﬂp (x) F;m (x)] 0221+ 0.008 +0.019 Extrapolatlng the NMC data, they obtained
0.004 Se =0.235 £0.026

30% is missing! = u<d ?

As the Gottfried-sum-rule violation indicated # < d,
_[ [F Y(x)—F)'(x )] S + dx [u(x S d (x ):I the b, -sum-rule violation suggests

a finite tensor polarization for antiquarks (6,u # 0).

jdx b (x) = —%lti_I}OltFQ(t) + % j dx|88,u" +28,d” +5,5" |



Standard convolution approach

. d A A
Convolution model: A, ,,(x)= J-?yz FrDA L= (A, ()

; A + A & 1
_ H'H v ' +,++ +—,+— —pa
AhH,h’H’ =&y Wuv € b1 B A+0,+0 P 2 ’ 'J’ W Im T,

A+T,+T * E — 81> A+~L,+~L T 171 T8

Momentum distribution: f”(y) = Id 3P|¢H(I_5)‘26 (y > E;lpz )

FA =0+ f EA%
D-state admixture: ¢ (p)=9¢,.,(p)+0,.,(p) D

1¢d : + - d
bl(x>=5j7y2[f (-] (y)}Fl(x/y)=jjyafT(y)Fl(x/y)

i=p,n

Orf ()= Idsl’y[—ﬁ%(z’)%(z’) +[¢,(p) %](30%2 6 - 1)5(y - 5‘74—'3) x:j .3
Standard model §

of the deuteron

S + D waves



Comparison with HERMES data

H. Khan and P. Hoodbhoy,
PRC44 (1991) 1219.

xb, ~107°
I Order of magnitude difference
xb, ~107 in HERMES data

Standard convolution model does not
work for the deuteron tensor structure!?
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HERMES measurements on b,

A. Airapetian et al. HERMES), PRL 95 (2005) 242001.
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Functional form of parametrization
Assume flavor-symmetric antiqurk distributions: 6, =6,4” =6,d” =8,s" =5,5"
D 1 D D —D
b (x),, = E[45Tuv (x)+6,d](x)+12 §,g" (x) |

At Oy =25 GeV?, 6,4 (x,0;)=0,w(x)q,(x,05), 6,4"(x,0)=a,6,w(x)q"(x,0;)
Certain fractions of quark and antiquark distributions are tensor polarized and

such probabilities are given by the function 6, w(x) and an additional constant o

for antiquarks in comparison with the quark polarization.
D 1 D D —D
b (.00 10 = 15[ 4877 (,00) + 8,47 (x,0) +126," (x,0;)]
1 -
= géTw(x)[s{uv (x,0;) +d,(x,00)} +da, {20(x,07) + 2d (x,07) + 5(x,07) + 5 (x,07) } |
S,w(x)=ax"(1-x)"(x, — x)

Two types of analyses

Set1: 6,q ”(x)=0 Tensor-polarized antiquark distributions are terminated (o; =0),

Set 2: 6,q ”(x)# 0 Finite tensor-polarized antiquark distributions are allowed (ax; #0).



Results SK, PRD 82 (2010) 017501 0.004

% HERMES (2005)

Two-types of fit results: 0.002

e set-1: y*/d.of.=283
Without 6, ¢, the fit is not good enough. /’R”&

® Set'z: xz /doO-fo = 1.57 _0.002
. o o = = = = without tensor-polarized antiquark (set 1)

With finite 6, ¢, the fit is reasonably good.

- |~
-
-
-
____
—"
—— - -

with tensor-polarized antiquark (set 2)

-0.004
0.001 0.01 0.1 1
X
Obtained tensor-polarized distributions
0.005
0,q(x), 6,q(x) from the HERMES data.
— They could be used for
/\
e experimental proposals, 8 8
e comparison with theoretical models. :g b g
= L
Finite tensor polarization for antiquarks: -0.005 x6; ‘Iv\\l !
j dxb (x) 0 058 = = — = without tensor-polarized antiquark (set 1) ‘\ Ill
....... with tensor-polarized antiquark (set 2)
—j dx|:45 i(x)+6,d(x)+35, s(x)] -0.01 |
0.001 0.01 0.1 1




Summary for spin-1 structure

(1) The tensor-polarized distributions: 6,¢(x), 6,q(x)
were obtained from the HERMES data on b, .

(2) Finite tensor polarization was obtained

for antiquarks: jdech (x)#0.

Physics mechanism of 6,q(x) ?
Prospects

Future experimental possibilities

at JLab, EIC, J-PARC, RHIC, COMPASS, GSI, ...

Experimental proposal was approved at JLab.

More theoretical studies ...



Recent work: Pion, Hidden-color, Six-quark

G. A. Miller,

PRC 89 (2014) 045203.

6g) =|NN) +| AA) +|CC) + - --

b9 (x)
0.006}

0.004}

0.002}

—0.002¢

—0.004¢

100 by (x)

15¢

10}

bi(x)
o1sf  Flom
0.10¢
0.05}.
T 04 05"
Comparison
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Prospects
for tensor-polarized distributions

e Lepton facilities: ¢+d — ¢’ + X : JLab experiment PR12-11-110
approved! 20192~

(Co-spokespersons: J.-P. Chen, P. Solvignon, N. Kalantarians,
O. Rondon, K. Slifer et al.)

e Hadron facilities: p + d - w1 + X : Fermilab experiment?
under consideration for a proposal

(pereonal communcations with
Xiaodong Jiang (Los Alamos), Dustin Keller (JLab))



JLab PAC-38 (Aug. 22-26,2011) proposal, PR12-11-110

The Deuteron Tensor Structure Function b;

A Proposal to Jefferson Lab PAC-38.
(Update to LOI-11-003)

J.-P. Chen (co-spokesperson), P. Solvignon (co-spokesperson),

K. Allada, A.Camsonne, A.Deur, D. Gaskell,
C.Keith, S. Wood, J. Zhang
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606

N. Kalantarians (co-spokesperson), O.Rondon (co-spokesperson)

Donal B. Day, Hovhannes Baghdasaryan, Charles Hanretty
Richard Lindgren, Blaine Norum, Zhihong Ye
University of Virginia, Charlottesville, VA 22903

K. Sliferf(co-spokesperson), A. Atkins, T.Badman,
J. Calarco, J.Maxwell, S.Phillips, R.Zielinski
University of New Hampshire, Durham, NH 03861

J. Dunne, D.Dutta
Mississippi State University, Mississippi State, MS 39762

G.Ron

Hebrew University of Jerusalem, Jerusalem

W. Bertozzi, S.Gilad,
A Kelleher, V. Sulkosky

M. F s Institute of Technology, Cambridge, MA 02139
K. Adhikari
0ld Dominion University, Norfolk, VA 23529
R. Gilman

Rutgers, The State University of New Jersey, Piscataway, NJ 08854

Seonho Choi, Hoyoung Kang, Hyekoo Kang, Yoomin Oh
Seoul National University, Seoul 151-747 Korea

Approved!

Expected errors
by JLab
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Tensor structure at hadron facility: pd Drell-Yan

* General formalism for polarized Drell-Yan processes
with spin-1/2 and spin-1 hadrons
M. Hino and SK, Phys. Rev. D59 (1999) 094026.

* Parton-model analysis of polarized Drell-Yan processes
with spin-1/2 and spin-1 hadrons
M. Hino and SK, Phys. Rev. D60 (1999) 054018.

e An application: Possible extraction of polarized
light-antiquark distributions from Drell-Yan
SK and M. Miyama, Phys. Lett. B497 (2000) 149.

Comments on the situation

e There was a feasibility study for polarized deuteron beam at RHIC:
E. D. Courant, BNL-report (1998).

* No actual experimental progress with hadron facilities.
e Possibilities: Fermilab, J-PARC, COMPASS, U70, GSI-FAIR, RHIC, ...



Drell-Yan cross section and hadron tensor

1 4 I »  d’k, d’k
do = 2n) 8*(P,+P, -k, —k_—P,) (I'l' X|T|AB i .
= 4y(P, P,) - MM s,-Zs,ﬁg’( A il wie Sl AL (27)'2E, (27) 2E,

(rrx|r|AB)=iu(k,_ A, )ey,v(k. A, )#(Xk]v (0)| AB)
do o’ ( R l_)
uv

= LW ’
2040 20T W= [ L2 o0 (B RS, |14 (0)" (D) BS.BiS)

For the details, see

e M. Hino and SK, Phys. Rev. D59 (1999) 094026.
M. Hino and SK, Phys. Rev. D60 (1999) 054018.



Formalism of pd Drell-Yan process

= Yem

See Ref. PRD59
(1999) 094026.

proton-proton proton-deuteron

48 108

Number of

structure functions Additional structure

functions due to

. 1 — tensor structure
After integration over Q,

(or O, > 0) u 22

I explain
In parton model 3 @ in the next page.



Spin asymmetries in the parton model
unpolarized: ¢, longitudinally polarized: Agq,,

transversely polarized: A,q,, tensor polarized: dq,

Unpolarized cross section
4o = o (1+coszt9)12e2[q (x )6 (x )+§ (x )q (x )]
dxAdedQ 4Q2 3 = a a A a B a A a B

Spin asymmetries
Za eZ [Aqa (xA )Aqa (xB) + Aqa (xA)Aqa (xB ):I

Ean[qa (xA)qa (xB)+ q, (xA)qa (xB)]

sin’ 9COS(2¢) Zaej [ATqa (xA)ATqa (xB) +A.q, (xA)ATqa (xB)]
»)

Ay =

A =

1+ cos*0 Zaej[qa(xA)ﬁa(x +c7a(xA)qa(xB)]
2 q +q o
AUQ = 2 [qa xA Tqa ) qa (xA) Tqa( ):I A A = AR IR Ae T A =A
o z [ q, xA qa + qa ( X, ) q,(x ( )] LT TL Ur TU TQ, UQ,

= Ay, = Agg, = Ayg, = Apg, = Agg, =0
Advantage of the hadron reaction (6g measurement)

2 e, a9 xA ) 0,9, (x ( ) Note: o # transversity in my notation

Zeqaqua )

Ay, (large x;)



Summary  From nucleon-spin crisis
to a possible “‘tensor-structure crisis”

Unpolarized quark distribution
in a tensor-polarized deuteron:
qz'ﬂ +q i_l

2

0,4, =4, -

only in S-wave 0,g =0

Spin asymmetry in p+d — uu +X

D . (%4) 8,4, (x5)

Ago, (large x, ) =

PINAACHIACH

Polarized proton-deuteron Drell-Yan
(Theory) Some
(Experiment) None — hadron facilities

1st measurement of b, (0q):
(HERMES) A. Airapetian et al.,
PRL 95 (2005) 242001.

— JLab experiment,
PR12-11-110

jdxbf’(x) = —25—4531(}tFQ(t)+%jdx(45Tﬁ+6TZ+5T§)

!

Gottfried: j%[Fz”(x) ~F(x)]= §+ % [ax[u-d]

We need more theoretical studies
on mechanisms of tensor polarization
in the parton level.



Experimental possibilities

Feasibility
Approved under investigation
experiment!
(2019~)

© Fermilab

Possibilities: Spin-1 projects are possible in principle at other hadron facilities.

COMPASS at CERN

© J-PARC © GSI © CERN-COMPASS © IHEP, Russia



Summary on this talk

Spin-1 structure function of the deuteron

e tensor structure in quark-gluon degrees of freedom
e exotic signature in nuclear physics
° new spin structure




The End

The End



