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HERMES results on bl A. Airapetian et al. (HERMES), PRL 95 (2005) 242001.
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Standard model prediction for b, of deuteron
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Note on our notations:

Gluon tl’anSVel'Sity A T g Tensor-polarized gluon distribution: ¢, g

Gluon transversity: A, g

Helicity amplitude A(A;,4;, A,,A,), conservation A, -4, =A, -4,

Longitudinally-polarized quark in nucleon: Ag(x)~ A(+% + %, + L + 1) - A(+ LTl s + ) 1)

2 28 2 22
by 1 1 1 - * 1 1 2.5
Quark transversity in nucleon: Aqgx)~ A +5 + ot AL A = +E — A, = = quark spin flip (As =1)
As =1
1,“ ‘/1,
A, A,
AA,-}.,-.A,A./

Gluon transversity in deuteron: A,glx)~ A(+1+1, —-1-1), not possible for nucleon
% As=2 E
+ p—
+

y —

-y ——

Note: Gluon transversity does not exist for spin-1/2 nucleons.

§n b] (6Tq, 6Tg) 7 0 & Still ATg — 0

S + D waves What would be the mechanism(s)
for creating A, g #0?
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Twist-2 TMDs for spin-1/2 nucleons and spin-1 hadrons

Twist-2 TMDs Bacchetta-Mulders, PRD 62 (2000) 114004.
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in the fragmentation functions, we should note that the corresponding

fragmentation function H,,, (z) should exist as a collinear fragmentation function.
(see our PRD paper for the details)




TMDs and PDFs
for spin-1 hadrons
up to twist 4

Note: Higher-twist effects are sizable at a few GeV?2 Q>
in tensor-polarized structure functions,
W. Cosyn, Yu-Bing Dong, SK, M. Sargsian,
PRD 95 (2017) 074036.

SK and Qin-Tao Song,
PRD 103 (2021) 014025.




TMD correlation functions for spin-1 hadrons
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Twist-3 TMDs for spin-1 hadrons
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Twist-4 TMDs for spin-1 hadrons
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o o PRD
TMDs and their sum rules for spin-1 hadrons B - g
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New fragmentation functions (FFs) for spin-1 hadrons | see arXiv:2201.05397

Corresponding fragmentation functions exist for the spin-1 haddrons Collinear FFs:

simply by changing function names and kinematical variables. X. Ji, PRD 49, 114 (1994).

TMD distribution functions: f, g, h, e; x, k., S, T, M, n, y*, o
U

TMD fragmentation functions: D, G, H, E; z, k., S,, T,, M,, i, v, 0"

Collinear FFs, twist 2 Collinear FFs, twist 3 Collinear FFs, twist 4
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New TMD FFs



PDFs for spin-1 hadrons
Twist-2 PDFs
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New collinear PDF's



Summary on Spin-1 TMDs and PDFs

TMDs of spin-1 hadrons
e TMDs: interdisciplinary field of physics
* We proposed new 30 TMDs and 3 PDFs in twist 3 and 4.
 New sum rules for TMDs.

New TMD fragmentation functions.
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Twist-3 PDF: e, , f,,
Twist-4 PDF: f,,,

Sumrules:  [d’k,g,,(x, k) =[ d’k;hy, (x, k) =[ dkyhy,, (x, K7) =0

TMD distribution functions: f, g, h, e; x, k., S, T, M, n, y*, ¢"
U
TMD fragmentation functions: D, G, H, E; z, k., S,, T,, M,, n, v, o




Twist-2 relation and sum rule
for PDFs of spin-1 hadrons

(analogous to the Wandzura-Wilczek relation
and the Burkhardt-Cottingham sum rule)

SK and Qin-Tao Song,
JHEP 09 (2021) 141.




PDFs for spin-1 hadrons

Twist-2 PDFs
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Wandzura-Wilczek and Burkhardt-Cottingham relations for g, and g,

2
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= ML Py n,oon, <P,S|R P,S> + M, (P n,-on, <P,S‘R p,5>
1 E 1 X 1 n-1
- L dxx"'g,(x)=a,, J._] dxx""'g (x)= —a,+ d,
A n— ! n— 1 1 f n— 1 n— 1 1 n—1
—>.[0dxx lgl(x)=J._1dxx IEglL(x)=5an5 _[odxx l[gl(x)+gz(x)]=j_ldxx IEgT(x)=Ean+ n d,

1 g 1 e 1d n—1
L Io dxx""'g,(x) = J.O dxx"! |:—g1(x)+ L Tygl(y)} + ?dn

. 1dy -
If we write g,(x) = g)" (x)+g,(x)=—g,(x)+ | —g,(»)+&,(x)
2 2 % . -[ x yt 8 Note: Twist-3 operators R'?‘*"#-1) are obtained

n-1 i by the Tayler expansion of &,y (0)(0“y” —0°y*)yw (&),
on & which needs to be investigated in details

for finding the details of twist-3 terms.

1 1
- 8" @) =-g,)+ | Yo At d=wilizek Telation): J'O dxx""'g,(x) =
*y

1
- _[0 dx g,(x) = 0 (Burkhardt-Cottingham sum rule)



Twist-2 relation and sum rule

e Twist-3 matrix element in terms of tensor-polarized PDFs

(P,T| F 0@y -3y ()| P,T) = 2S5, [ dxeE [_ % 7 R 1 o %{xf”(x)}} see Appendix I for the details
o Twist-3 operator in terms of gluon field tensor
Ly ot -y oy )]=¢ .[ e W(O){ (t F E) G*(8)—3 75 (t.f)} &8V Note: Twist-3 operators R'°*"#~1) are obtained

by the Tayler expansion of £,y (0)(0“y° —d°y*)y (&),
which needs to be investigated in details

Id(;;j'f)eix.ré (P,T| gj dt u/(O){ (t = 5) G*™ (t&)- —ysGuv(t!,‘)} £ gw(§)|P T)E+ - for finding the details of twist-3 terms.

o Matrix element of field tensor in terms of twist-3 multiparton distribution functions

[ { ,LT(xl’x2)+GG o (% 5x2)}+ { ,LT(xzsx1)+Gc LT(xzaxl)}i|

d;
x%———fm() U (x), Higher-twist: £ (x)= ’PJ‘ d —[ {FGLT(x’y)+GG,LT(x’y)}+ {FG,LT(y,x)+GG,LT(y,x)}}
_ 3 pewdy O dy . ur) b, )+ x>0
_)fLT(x)_EJ-x 7];LL()’)+L TfLT ), e(x)—;PJ._mdy;e "= 1 x<0

Define f*(x)= f(x)+ f(x)= f(x)= f(=x)s f=Fizs frrs fa"s x>0
- fii(x)= %J- o (y )+J. &y Y (y)  — Twist-2 relation: f,}(x) = J' flLL( )

If we define f,,, (x) = —fLT(x)— Jie (),
R e I fuL = J- dy AT+ (y) s Twist-2 relation:  f,5, (x)=—f,7, (x) +I f1 7. (), Wandzura-Wilczek like

— Sum rule: ‘[0 dx f,},(x)=0, Burkhardt-Cottingham like

1 2 el 1
If the parton-model sum rule without the tensor-polarized antiquark distributions _[0 dx f,;, (x)= = L dx b(x)=0 isvalid, — Sum rule: _[0 dx f,;(x)=0

Summary on the twist-2 relation and sum rule

J'dxb”(x)—llm 15 F(t)+2 jdx&q,(x)

=07
F. E. Close and SK, PRD 42 (1990) 2377.

1 1
g, (x)=—g (x)+ J' ﬂg1 (¥) (Wandzura-Wilczek relation), J.o dx g,(x) = 0 (Burkhardt-Cottingham sum rule)
= 3
For tensor-polarized spin-1 hadrons, we obtained

1 2
fir @ =—fh 0+ [ fm(y), [ ax £z =0, Fur @ =3 fir ()= fi(0)

1 1 2 ¢l
L dx £} (x)=0 if _[0 dxf,ZL(x)=§IO dx b (x)=0

Existence of multiparton distribution functions: F;,,(x,,x,), G, (x,,%,), Hg ;, (x;,X,), Hg 1 (x,,%,)




Summary on Twist-2 relation and sum rule

Spin-1 structure functions of the deuteron (new spin structure)
e tensor structure in quark-gluon degrees of freedom

e by, gluon transversity, new TMDs

e new signature beyond ‘‘standard’ hadron physics?

e experiments: JLab (approved), Fermilab (to be proposed), ...,
NICA (in progress), LHCspin (~2028), AMBER?, EIC, EicC, ...

We derived twist-2 relation and sum rule analogous to

Wandzura-Wilczek relation and Burkardt-Cottingham sum rule.

We showed the existence of tensor-polarized multiparton distribution functions.

For spin-1/2 nucleons,
1 1
g, x)=—g(x)+ j ﬂgl( y) (Wandzura-Wilczek relation), jo dx g,(x) = 0 (Burkhardt-Cottingham sum rule)
* 3
For tensor-polarized spin-1 hadrons, we obtained

1 1 2
fZZT(x):_-fIZL(x)-I_J‘ ﬂleL(J’)a J dx -fZZT(x):O’ szT(x)E_fLT(x)_fiLL(x)
Xy 0 3

dx f,;(x)=0 if | dx f,/,(x)==| dx b/ (x)=0
) fiacsivn=3],

Existence of multiparton distribution functions: F;,,(x,,x,), G ;(x,,x,), H é,L L(x.%,), He 1 (x4,X,)




Relations from equation of motion
for PDFs of spin-1 hadrons

(Equation-of-motion and Lorentz-invariance relations)

SK and Qin-Tao Song,
PLB 826 (2022) 136908.




Relations from equation of motion and Lorentz-invariance relation

f()l’ Spin- 1 h adr()ns Lorentz invariance = frame independence of twist-3 observables

see Appendix 11
for works on spin-1/2 nucleon
We explain derivations on relations from equation of motion for quarks
sY)+ G (x,y)
X=)y

=0

o xf,, (x)— j dy|[ F, 11 (6,) + Gy, 11 (x,3) | =0, xf,,(x)— fi1) (x)— ?j dy Foar®

H(J}_,LL(xsy) h

+1 m +1 m
@ xe, (0 =2 Ay, (00) =+ () =0, xe,(0)-2P[ dy —fi(@)=0

and the Lorentz-invariance relation

de ()
dx

G,LT(x,y) k2

x—y)

_fLT( x)+= -flLL(x) 2TJ d f(x k2

=0, transverse-momemtum moment of TMD: f"(x) = J d 2k

Twist-2 PDFs Twist-3 PDFs Twist-3 TMDs

Quark U L (775 T (i6"ys/0™) Quark | ' 1,iy, Y'Ys 0’07 Quark|  yy*) | L(r'ys) T (i6™*y,/ 0™)
Hadron™ | Teven | Todd | Teven | Todd | Teven | Todd | |Hadron™ | Teven | Todd | Teven | Todd | Teven | Todd | |Hadron™_|Tecven| Teodd | Teven| Todd | Teven | Tl
v A v v A 3 o

L $u.(8) L U L g il
T i T gt T sk | e [l U]
LT It @ fu *1 LT (| fur | Euur §[h1LT1,[hfLT]
T T ‘ TT | fir | g Uryeel Vi)

[ ] = chiral odd




Equation of motion for quarks I

0=(D,y* -my =Dy +iD"y" +iD,y* —-m)y, a =1,2 (transverse index)
io*” - (this equation of motion), use c*y” =i(g™y* — g™y*)—e*°y y,, €£"F=+1

- [iy*D* —y*D*) +iey y D" ~iey*y D, +imo™* |y =0
0= j‘;—i—em’*é' (PT[FO)[y"iD" - y*iD* +igiy,yiD" - igiy "y iy, +imo** (&) P,T)

— 0=P"Tr[®}(x,P,T)y" |- P*Tr[ @} (x,P,T)y" |+ief P*Tr[ @} (x,P,T)y ;Y5 |- ie@ P*Tr[ @, (x,P,T)y "y | +imTr[ @(x,P,T)c** ]

"Equation of motion" expressed by multiparton correlation functions, P :momentum, T :tensor polarization

dé - d&, pe g
Multiparton correlation functions: (®%),(y,x,P,T)= J.Z—(;Z—gze’y” Selre: <
T 2z

7O (EDWO,EW,(ED)| P,T)
X (Y*)=G (gG™*), A (gA*), D (iD*), D* = 9*—igA*, W(O,é')=Pexp|:—igj:_df'A*(é)iLEE 3
Collinear correlation function: (cpg),.j(x,P,T)sj dy(®4), (y,%,P,T) = — j' dé "' (P,T | ,(0)iD*(E)W(O,E )y,(&)| P.T)
By PT) = [ O PT), B0 PIT) = 5 o[ St Fy 1y (3) i8S 7,7 Gy (9) + 8,7 “H 1 (93) + ST Ho gy (30|
Expression in terms of multiparton distribution functions.

FD,LT(x9y) = FD,LT(y’x)a GD,LT(xyy) = _GD,LT(y,x)’ HLJ)-,LL(xay) S _HIJ)-,LL(y’x)’ HD,TT(x,)’) = _HD,TT(y’x)

(I);)(st9T) = +1dY‘I’Z(y,x,P,T)= +ldy6(y_x)y¢)(yaPsT) = x(I)(x9P’T)
-1 -1

@, = [ e (1|7, OWO.E W Q| PT), , = ;[ ST Fiun () + S0y (50 + 5 Sur i () + (;‘f) LJfstL(x)]ij
Refs. SK, Qin-Tao Song, PRD 103 (2021) 014025; JHEP 09 (2021) 141; PLB 826 (2022) 136908.
= 4fyr @)= [ dy[F, 1 (6,) + Gy (x,3)] = 0
<1>g(x,P,T)=M [ S8 10 (o) +IERS 1 ¥ 5G 1 (6153,) + 81, Y HE 1 (%,03,) + Sy He 1y (6%, |
! 1 1 - see Appendix III
Fyr(x,y)=6(x—y)f,; (x)+T( yj Fg 1 (x,), GD,L,(x,y)=?(x—_yJGGL,(x,y), FORE j d for the details

G,LT (x,y)+ GG,LT (x,y)
xX—=Yy

=0, transverse-momemtum moment of TMD:

— xf,r ()~ fih @) - P[ " dy



Equation of motion for quarks II

0=(D,y" —m)y =(iD*y” +iD"y* +iD,y* - m)y, a =1,2 (transverse index)
Y™ - (this equation of motion), (iD* —ic™*iD,—my*)y =0

- 0=P'Tr[ @} (x,P,T) |- P*iTr[ ®} (x,P,T)0*" |- P*iTr[ @, (x,P,T)0** |- mTr[ ®(x,P,T)y" ]

P,T>

a ol a a M a a —
@, (x,P,T) = J._l dy®@;,(y,x,P,T), q)D(y’x’P’T)=_[SLT Fy 7 (ysx)+iefS,, w¥s0p . (0,X)+ 8, ¥ H;)-,LL(y9x)+STT’}//.t DTT(yax):I}{

FD,LT(x‘)y) = FD,LT(y’x)’ GD,LT(x9y) = _GD,LT(y’x), HD,LL(x’y) = —Hﬁ,u(y,x)’ HD,TT(x’y) = _HD,TT(yax)

LLﬁf;LL (x):|

2

M )+

R 1 M
o, (x,P,T)=xP(x,P,T), ®(x,P,T)= —[ S A [ (x) + R Orr ) e i Py

1

+1 m
- xeLL(x)_ZI_l dyHlJ;.LL(x’y)_ _flLL(x) =0, HlJ)-,LL(xay) = ?(E] Hé,LL(x’y)

~ xe,, (-2 " dy Houey)

WE=Y

~fiu () =0

Lorentz-invariance relation for tensor-polarized PDF's

Yt GG,LT (x,y)
xX—y

xf, . (x)= £V (x)-P I dy Four(x =0 (1)  from equation of motion I
Y™ _

» flLL(x) + ?j dy—[ {Fs1r(x,9)+ G 1 (x, )} + %{Fw (9,X)+Gg 11 ( y,x)}:| (2) from Wandzura-Wilczek-type studies

) » 2
Lot (1) anduse @) fyp (o) +x L) Jur &) Tj_ldy[FG’LT(y’x) ComBR 1 {BFG’”(””‘)—aG@””’”H:o

dx dx (y—x) y—x ox ox
- S v P T G 9 rp G
_fLT(x)_Ef;LL(x)-i_ J'—l )’m a—x{ (;,LT(x9y)+ G,LT(x’y)}+a_y{ G,LT(y’x)+ G,LT(y’x)}

de;)(x) P[" dy[FG,LT(y,x)—GG,LT(y,x) Yedl {aFg,LT(y,x)_aGg,LT(y,x)H

(y-x)° y-x ox ox
1)
= f (x )—Lx(x) 3f1LL(x)+2?.[ d %, Fy1r (95%) = =F 1(%,3), G 1p(3,%) = Gy 11 (%,9)

df; @ (x)
dx

F; JIT (x,y)

2 =0
(x—y)

~ f )+ =22 dy



Summary on Relations from equation of motion
and a Lorentz-invariance relation

* We derived relations among tensor-polarized PDFs and multiparton distribution functions
by using the equation of motion for quarks and also showed a Lorentz-invariance relation.

Relations from equation of motion for quarks

Forr (X, )+ G 1 (x,y)
xX=)y

=0

o 5@~ [ D[F, 00+ Gy )] =0, @£ -P[ dy

A  Hg,, (x,y)
° xe, (x)-— 2_[ dyHDLL(xay) f1LL(x)=09 xeLL(x)_Z?I_ldy gr - _Zn‘;-flLL(x)=0

Lorentz-invariance relation

dfl 1) (x)
dx

&) ko>, Lo rr )




Future prospects
and summary



High-energy hadron physics experiments

CERN :
(LHC, COMPASS/AMBER, Baikal GVD

LHCspin, LHeC, FCC, CLIC)
JINR (nicA) / IHEP (BEPC, CEPC)

IMP (HIAF, EicC)

Fermilab
(SeaQuest, SpinQuest, DUNE) 1 (FAIR) | KM3NeT

BNL
(RHIC, EIC) ILC
KEK
JLab (KEKB, J-PARC)

IceCube

Facilities on spin-1 hadron structure functions including future possibilities.



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)

e | & Projected
0.01 f— @ HERMES
J.-P. Chen (co-spokesperson), P. Solvignon (co-spokesperson), 0.008 __ 1 Kumano
K. Allada, A.Camsonne, A.Deur, D.Gaskell, ’ |
C.Keith, S. Wood, J. Zhang 0.006 |—
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606 & |
0.004 |—

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

Donal B. Day, Hovhannes Baghdasaryan, Charles Hanretty Ty 0.002 __ ?
Richard Lindgren, Blaine Norum, Zhihong Ye = U
University of Virginia, Charlottesville, VA 22903 0 B
|
IR Sliferf(co-spokespcrson), A. Atkins, T.Badman, —
J. Calarco, J.Maxwell, S.Phillips, R.Zielinski -0.002 — - ;

University of New Hampshire, Durham, NH 03861 —

-0.004 [—

J. Dunne, D. Dutta - /
Mississippi State University, Mississippi State, MS 39762 -0.006 —
Gt | l | | | l | | | I 1 I |
.Ron
Hebrew University of Jerusalem, Jerusalem 0 0.1 2 03 0.4 0.5 0.6
X,
W. Bertozzi, S. Gilad, Bjorken

A Kelleher, V. Sulkosky
Massachusetts Institute of Technology, Cambridge, MA 02139
K. Adhikari
Old Dominion University, Norfolk, VA 23529

R Gilnan Expected errors

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

Seonho Choi, Hoyoung Kang, Hyekoo Kang, Yoomin Oh by JLab

Seoul National University, Seoul 151-747 Korea

' A Letter of Intent to Jefferson Lab PAC 44, June 6, 2016
ppl O v e ° Search for Exotic Gluonic States in the Nucleus

M. Jones, C. Keith, J. Maxwell®, D. Meckins
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606
W. Detmold, R. Jaffe, R. Milner, P. Shanahan
Laboratory for Nuclear Science, MIT, Cambridge, MA 02139
D. Crabb, D. Day, D. Keller, O. A. Rondon

University of Virginia, Charlottesville, VA 22904

J. Pierce

Qak Ridge National Laboratory, Oak Ridge, TN 37831



Experimental possibility at Fermilab in 2020’s

° Drell-Yan experiment with a polarized proton target
POlarized ﬁXed-target experiments Fermllab -E 1 039 Co-Spokespersons: A. Klein, X. Jiang, Los Alamos National Laboratory

at the Main Inj ector, D. Geesaman, P. Reimer

Argonne National Laboratory, Argonne, I 60439
C. Brown , D. Christian

PrOton beam — 120 GeV © Fermilab Fermi '\klmmull{;“T;i/:-’ﬁ-',ﬁ‘t:at‘r{hj_rjz(_)gé nlif:mviu 1L 60510

University of lllinois, Urbana, IL. 61081
W.-C. Chang, Y.-C. Chen
Institute of Physics, Academia Sinica, Taiwan
S. Sawada
KEK, Tsukuba, Ibaraki 305-0801, Japan
I'.-H. Chang
Ling-Tung University, Taiwan
J. Huang, X. Jiang, M. Leitch, A. Klein, K. Liu, M. Liu, P. McGaughey
Los Alamos National Laboratory, Los Alamos, NM 87545
E. Beise, K. Nakahara
University of Maryland, College Park, MD 20742
C. Aidala, W. Lorenzon, R. Raymond
University of Michigan, Ann Arbor, MI 48109-1040
T. Badman, E. Long, K. Slifer, R. Ziclinski
University of New Hampshire, Durham, NH 03824
R.-S. Guo
National Kaohsiung Normal University, Taiwan
Y. Goto
RIKEN, Wako, Saitama 351-01, Japan
L. El Fassi, K. Myers, R. Ransome, A. Tadepalli, B. Tice
Rutgers University, Rutgers NJ 08544
J.-P. Chen
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606
K. Nakano, T.-A. Shibata
Tokyo Institute of Technology, Tokyo 152-8551, Japan
D. Crabb, D. Day, D. Keller, O. Rondon
University of Virginia, Charlottesville, VA 22904

Fermilab experimentalists are interested

in the gluon transversity by replacing

the E1039 proton target for the deuteron one.
(Spokesperson of E1039: D. Keller)

However, there was no theoretical formalism
until our work.

The Transverse Structure of the Deuteron with Drell-Yan

D. Keller!
! University of Virginia, Charlottesville, VA 22904

New proposal for a Fermilab-PAC in 2022.




Nuclotron-based Ion Collider fAcility (NICA)

Nuclof ron

'ﬂ\

SPD (Spin Physics Detector for physics with polarized beams)
MPD (MultiPurpose Detector for heavy ion physics)

p+p: /spp =12 ~27 GeV On the physics potential to study the gluon content

e 57 of proton and deuteron at NICA SPD, A. Arbuzov et al.

d+d: \/s,w= 4~14 GeV (NICA project), Nucl. Part. Phys. 119 (2021) 103858.
NN

p+d is also possilbe.

Contents lists available at ScienceDirect

Progress in Particle and Nuclear Physics

Unique opportunity in high-energy spin physics, L —
especially on the deuteron spin physics. Pnthephyslcs potentisl tostudy e gluanconizatolorion; |8
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Electron-ion collider projects in the world
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Institute of Modern Physics,
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— Electron-ion collider in China (EicC)

D. P. Anderle et al., Front. Phys. 16 (2021) 64701.

‘ °p Frontiers of Physics

https://doi.org/10.1007 /s1 1467-021-1062-C

Front. Phys
6(6). 64701 (2021)

Electron-ion collider in China
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x regions of b;in 2020’s and 2030’s
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Summary

Spin-1 structure functions of the deuteron (additional spin structure to nucleon spin)

e Tensor structure in quark-gluon degrees of freedom

Tensor-polarized structure function b, and PDFs, gluon transversity
Experiments at JLab, Fermilab, NICA, LHCspin/AMBER, EIC/EicC, ¢+«

New signature beyond ‘‘standard’ hadron physics?

TMDs up to twist 4

Higher-twist effects could be sizable at Q? of a few GeV?
— Our relations (WW-like, BC-like, from eq. of motion, Lorentz invariance)
could become valuable for future experimental analyses.

Not discussed: GPDs, GDAs (Generalized Distribution amplitudes = timelike GPDs), ¢ ¢ ¢

standard model

There are various experimental projects on the polarized spin-1 deuteron
in 2020’s and 2030°, and “‘exotic’’ hadron structure could be found
by focusing on the spin-1 nature.
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Collinear PDFs for spin-1 hadrons Appendix I
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Express @, in terms of possible Lorentz vectors and multiparton distribution functions with the conditions Hermiticity, parity invariance, and time-reversal invariance

v Mrp. v g a E
D (x;,x,) = ?[l 1 Fe 1 (15%,) — €887, ¥ 5Gg 1 (X1,%,) + 1S, Y é,LL (x,,%,) +IS77Y yHe g (%, ’xz)]ﬂ

Y " i d d X PTEr i(xa—x; 2
(@) () : Sia kg or(%,,%,) = mg Zil' 2%_ e g < (& )‘ PsT>
i v L (95095 wrs ic-sors — 0N i Fy B W
(@) (@ysh) iz G pr(Xy5%,) = M g 2_5:'2_%'8 $ el en s <P,T| v(0) l}’sﬂnuGﬂ (391740 )‘ P3T>

1

I”I(P—'é)efh” P gj dt 1,/(0){ (t——) G* (t8)—~ yscuv(@} ELv(&\P.T),. ; ,=-2MS},P j de [ {Fw(xl,x2)+GG,LT(x1,x2)}+ {FGLT(xz,x1)+GGLT(x2,x1)}:|

2r




Relations from equation of motion and Lorentz-invariance relation
for spin-1/2 nucleons
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Relations among multiparton distribution functions

Multiparton correlation functions
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The End

The End



