Transverse single-spin
asymmetries of very forward
neutral pion

Hee-Jin Kim

arXiv:2206.02184 In collaboration with Samson Clymton and Prof. Hyun-Chul Kim



Outline

® /ntroduction

® /nclusive ppT — 7'X scattering

® /nvariant cross section in the triple-Regge limit
® [ransverse single-spin asymmetry

® Results

® Summary



Introduction



Introduction

* The transverse single-spin asymmetry(TSSA) is one of the crucial observables in high-

energy physics for understanding particle production mechanisms and hadron spin
structure.

 Large pt (> 2 GeV/c) TSSA has been investigated by QCD-based approaches:
(.e., Transverse Momentum Distributions(TMDs), Collinear twist-3 factorization, ...)
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Introduction

* The transverse single-spin asymmetry(TSSA) is one of the crucial observables in high-

energy physics for understanding particle production mechanisms and hadron spin
structure.

 Large pt (> 2 GeV/c) TSSA has been investigated by QCD-based approaches:
(.e., Transverse Momentum Distributions(TMDs), Collinear twist-3 factorization, ...)

* Sizable transverse single-spin asymmetries in the very forward direction have been continuously
reported for the few decades (1.2,

» Since the produced particles have very large values of # and low pr, the TSSA displays the
non-perturbative and diffractive nature.
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* Recently the TSSA of very forward neutral pion was measured in RHICf experiment 3],
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Inclusive ppT — 7'X scattering




Kinematics

Inclusive pp' — 7'X reaction:

 Kinematics for single diffractive(SD) process

P2
P1 = (Elvoa Oapz)a P2 = (E270707 _pz)7 P3 — (E37pT7p,z) p >
Missing mass : Mx = (p1 + p2 — p3)° apidity

. . gap
In high-energy hadron scattering the transverse momentum of the : <
produced particle is quite small on average. i Ay~ In v
When s, M)% > ml.2 and |pr| < 1 GeV/c, one can define pT > 0

/ M2 pl
Feynman variable : rr = P2 g %S

Pz N S
momentum transfer : t = (p1 — p3)? ~ (1 — zp)m3y — Pr

The SD processes can be described in terms of s, Xr, and pT2.




Invariant cross section In
the triple-Regge limit



Invariant differential cross-section

e The Lorentz-invariant differential cross section of 71'0 :

d3h
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do'h = F d301-) — S Z }A;Ciwﬂ S pT,h)|
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Since the Regge approach does not provide the vertex structure,
we need to employ the effective Lagrangians:

4 P ]
LiNN = IZJZVN VY YsT - Yo,
k LrNN+ = ZanIZN ¢N (QW ‘l‘a’Yu”)’v)”)’ST (Vo
LainA = fWNA 'QZZ (g;w T a’Yu7V)T - o,
/) ] Lanax = f:;’f Vi (Guv + 0y )T - 0",
D D Residue functions with Born approximation
o ox B s (pT) (8’ a)ky5up(s, p),

BN, (pr) = ity (s, q)(ku + avu k) vsup(s, p)),

Bie (pT) = 'EZ( @) (ky + avuk)up(s,p),

Bﬁst (pT) — ﬂZ* (5,7 Q) (k,u T a”ylilé)u’p(sap)a
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Regge trajectories:

a,(t) = —0.35 + 0.99¢
an«(t) = —0.73 + 0.95¢
aa(t) = 0.16 + 0.89¢

an-(t) = —0.56 + 0.80¢

Reggeized propagator
Pi(t) = al&(O)T(J; — ci(t))(1 — xp) >

1 4+ 7 exp{—im(a;(t) — 0.5)}
2

Signature factor: &;(t) =

 The residue functions f should be real-valued function, so
the phase of a Regge-pole contribution to AN comes from
the signature factor
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The triple-Regge coupling: G (t)

The generalized optical theorem implies that

« No momentum transfer between unpolarized protons
» No spin flip by k-exchange

The ppk vertex function: Vi (tpp = 0) Z B (0

k-reggeon propagator: (M3%)+(®



Transverse single-spin
asymmetry




Transverse single-spin asymmetry(TSSA)
e TSSA

TSSA is defined as a fraction of spin-dependent cross section and spin-averaged one:

~ dAo) dot — dot

A —
N™  do dot + dot

Spin-dependent differential cross section

1 . . ) iy M2 a (0)
Aoy = — > Y BAB\2m PP Y G ()i (0) (—X)
1,7 A

k

Spin-averaged differential cross section
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Parity invariance : Bf\l/\Q = mn2ni(—) ™M 2 Box x

1. do” vanishes if k is an unnatural parity state.
P(_1)J—1/2 — —1

Pomeronj p, az,... p-1y""2=+1

unnatural parity states : #rtomeGiaeems

natural parity states :

ap(0) ~1, a,(0)~0.5

2. dAo | vanishes when j and j have opposite naturalities.

Spin-dependent cross section

dAo | = dAc?) +dAcY

M3\
S0

1 * * * * * *
= - 3 {5%5@/\1]@@ PNParGEN (1) + B2\ 2\ Im PAPA. GE4 (t)} e (0) (
A

natural: N, N*(1520) unnatural: A, A(1600)

Spin-averaged cross section

_ .. a]P(O)
o= Y | S 2B PG + Y Basla2he PP GEO [ #0) (5X)
; i)
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 Parameterization of the triple-Regge couplings

(i (1) = Gg(o)e_%jma for © = 7 (diagonal)
v Gfg(()) \ﬁe_BEj“', for ¢ # j (non-diagonal)

Redefine the parameters as

g = GZ(0)/GEN(0), b = BY — BYN

DA {5f>\5]_v,\*1m771\773}*(ﬁ/mﬁ ) gy N +6+A6A*Im79 P ( \/7/m7T AA* —bp Itl}

Ay = | —— i
2z {Zi(ﬁi,\)%???\g@ I 3 BB Re PP (VI /ma) gy et ‘t'}
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» Diagrammatic representation of the An

* * A* x AN —bSAT |t
o [N BN I Py PR (VI /ma) g N + B2\ B Im PAPL. (V/[H/me)gh™ e8I

AN = ' i b i 3 , i —bi |1
) 2 {Zi(ﬁi)\)ﬂpﬂgge—% 1+ Zi;ﬁj ﬁ+>ﬁi>\Re PiP; (\/m/mw)gxp € }
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Results




gp by [GeV™?]
NN* 0.028 0.2
Results ast | oo o
N*N™ 0.10 0
AA 0.022 0
A*A* 0.079 0

0.25 - 0.25 -
A 025<xr<0.34 A 0.00<pr<0.07
A 034<xr<0.44 A 007<pr<0.19
A 0.44<xr<0.58 A 0.19<pr<0.30
0.20{ A 0.58<xr<1.00 Q 0204 A 0.30<pr<0.50 >
@O Exp(0.25 <xr<0.34) T A 050<pr<1.00 T
M Exp(0.34 < xp < 0.44) M Exp(0.00 < pr<0.07)
Exp(0.44 < xr < 0.58) @O Exp(0.07 <pr<0.19)
0.15 9 @ Exp(0.58 <xr<1.00) 0.15 -+ Exp(0.19 < pr < 0.30)
@O Exp(0.30 <pr<0.50)
Z AT Z O Exp(0.50 <pr<1.00) A T
<T 0.10 - <T 0.10 -
s o P ® $ ¢ & ¢
0.05 - " ; A 0.05 - A A A "
A )
I 3|? @
v, @ 3 }
0.00 --T?A ----------------------------------------- 0.00 F L omeo S, S % --------------




3D Plot of An
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Summary



Summary

 The TSSA for very forward neutral pion via the Reggeon exchange processes.

* The differential cross-section for ppT — 79X is approximated to the triple-Regge
exchange process.

 Good agreement with the RHICf data of both transverse momentum and Xr
distribution quite well.

 We found that a large fraction of the 7Y An in the very forward direction is of
diffractive nature.

. ppT — 77X, nX, AX, AX ...
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Kinematics

We are going to ignore the pion mass ms since it is negligible in the calculation. First, we expand the foliowing
variables up to (m?% /s)!/? order.

m2 m2
Pz = My, =~ y P, =P = 9 rp XF,

NG

s 1 m% p?
\/— N T . (5)

The squared momentum transfer is then

t = (p1 — p3)°
= (B1 — E3)* — p7 — (p. — )’ 2
3 p2 s 0.5“
— Z(1 — xF)2 +(1—2xp) (m}?vxp — a:_T> —p% — [Z(l — :cp)2 — mfv(l — :z:p)2]
F
(1 — zp)md — p3 0.0
= F)mN 5
Xp
= ~0.5
-1-0; — Xxg=0.5
: — Xxg=0.7
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Regge poles

The t-channel partial-wave series for scattering amplitude: A(s,t) = 16« Z A (t)P(2z)

) =0
S
a0 D) ~ s

Ex) Equal-mass scattering: 2z; =1 4

This series is a correct representation of scattering in the physical region of the t-channel, where 1 > 4m2, s < 0,

it is irrelevant for high-energy s-channel scattering. _
N
* \
e Analytic continuation to the complex £-plane . \
(60000000 |
i , Pl(—Zt) + P[(Zt) /
A(s,t) =16 A(t)P, — 8 dl A(l,t
(1) = 1673 A0 Bz i [ diaqn =0t E
The singularities of A(/, f) are poles whose locations at [ = «(t) o(t) 6 e [fol. ]
S r HH [ps]
A(s, t) ~ s*) |
3 r / ﬁ*"/@37ﬂ3
The functions a(?) are called Regge trajectories. The particles on the 5 ﬁfg as
same trajectory give a collective energy dependence Lo
0
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Interferences and pole contributions
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FIG. 7. Numerators when zr = 0.3,0.5,0.8. FIG. 8. Denominators when xr = 0.3,0.5,0.8.



