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Di-hadron Fragmentation Functions (DiFF)
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Access to transversity via DiFF

Collins, Heppelman, Ladinsky, N.P. B420 (94)

correlation between

quark polarization and Rt = (zoPi7- z1P21) / Z
or, equivalently, azimuthal orientation of (h1,h») plane

(only if h1 # hy)

effect encoded in  hi(x) H'(z, M)  z=21+2

Ph2=Mp2 <=> R12
alternative to Collins effect

Radici, Jakob, Bianconi, PR.D65 (02) 074031 Bacchetta et al., JHEP 1303 (13) 119
Bacchetta & Radici, PR.D67 (03) 094002 Radici et al., JHEP 1505 (15) 123



extraction of DIFF from ete-

back-to-back hadron pairs = cos(@r+®r) modulation

Artru & Collins, Z.Ph. C69 (96) 277
Boer, Jakob, Radici,

PR.D67 (03) 094003
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extraction of DIFF from ete-

back-to-back hadron pairs = cos(@r+®r) modulation

Artru & Collins, Z.Ph. C69 (96) 277
Boer, Jakob, Radici,

PR.D67 (03) 094003
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for Dy
F>d Belle data for : , : :
oy m=a)  first extraction of DiFF, but using PYTHIA
Courtoy et al., PR.D85 (12) 114023
Radici et al., JHEP 1505 (15) 123

new Belle data for unpolarized cross section

Vossen et al., PR.L. 107 (11) 072004



et+e- cross section for (Tr1T) in same hemisphere

W24 R Seidl et al. (BELLE)
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universality of H*

, ~ A 1 coS M =5 i
s=ntn  DIFFGE kel [Ral ke Re) = - 37 S0 08 pipptr ¢ ey, [Re)

n

Rr| H (2, Mj;) = zQ/dkT/dg [Hf R

>
this result in SIDIS cannot be reproduced from ete-

Bacchetta & Radici, Boer, Jakob, Radici,
PR.D69 (04) 074026 P.R.D67 (03) 094003

h2 lepton frame

Boer, Jakob, Radici, PR.D67 (03) 094003 Matevosyan, Bacchetta, Boer, Courtoy, Kotzinian, Radici, Thomas,
arXiv:1802.01578

in the cross section, all terms L h change sign = H{¥ in A°*(¢a+95) same as in SIDIS Ay

compatibility restored !



helicity DiFF Gi-

Matevosyan, Bacchetta, Boer, Courtoy, Kotzinian, Radici, Thomas, (T) = / dé / dé / dor / dgg o / dqr T do
arXiv:1802.01578

proposed “jet handedness” asymmetry to extract G- vanishes (cos2(¢r — ¢5)) = 0

= 0.012 = 0.012
confirms BELLE findings r=q - oo % ooos-
g Qgg gg: 0.004 gg: 0.004
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which asymmetry to get E. ! (g7 (2 cos(pr — gbR) — cos(2¢1 — ¢r — P))
x Z Gz, M?) Gy Y(z, M?)

Matevosyan et al.,

Gi(z, M?) = G (2, M) — g PP, MZ) arXiv:1712.06384
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N.B. (cos(¢r — ¢5)) =0 but (cos(¢pr — dz))(q7) A0 — there must be a node



The power of DiFFs

collinear framework — factorization theorems

universality of DiFF and
usual DGLAP evolution

e
Ae+e— ~ = Ceccopieri, Radici, Bacchetta, PL.B650 (07) 81
D1 Dy
prediction
Boer, Jakob, Radici, PR. D67 (03) 094003 A
gXtraCtIO'I] PR.D&85(12) 114023 -
ourtoy et al., P.R.
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714 - prediction

- Bacchetta and Radici, PR. D70 (04) 094032
test universality

Radici et al., PR.D94 (16) 034012

hy HE

f1 D1
prediction
Radici, Jakob, Bianconi, PR.D65 (02) 074031
Bacchetta & Radici, PR. D67 (03) 094002

extraction
Bacchetta, Courtoy, Radici, PR.L. 107 (11) 012001 from first global fit

Bacchetta, Courtoy, Radici, JHEP 1303 (13) 119
Radici et al., JHEP 1505 (15) 123

Asipis ~

extraction of transversity

Radici & Bacchetta, arXiv:1802.05212



global fit : the SIDIS data

¢omp
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global fit : the STAR data
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X2 of the fit
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theoretical uncertainties

Single-Spin Asymmetry doyr

A e
in p-pT collisions vr(n, My, Pr)

typical cross section for a+b—c+d process

d:lfadilib dO‘ab cd .
doyox Y [ T2 £2(wa) Shms) TR DS (2, My
a,b,c,d

quark D19 is well constrained by ete- (Montecarlo) but
we don't know anything about the gluon D8 (e*te™ doesn't help..)

0
our choice: compute dap with D8 (Qo) = { D1 (Qo) / 4

Dv (Qo)
1.69 1.28
deteriorates our ete-fit as x2/dof = { 1.81 1.37
2.96 2.01

background p  channels



Soffer

comparison with previous fit
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Radici et al.,
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comparison with previous

x h¥™Y Q%= 2.4 GeV?

Soffer 46
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comparison with previous fit

Soffer
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effect of STAR

data :

saturation of Soffer bound
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sensitivity to gluon D8

Soffer x hY Q?= 2.4 GeV?
bound 0-\

0.4}

0.2}

0.0 jr

0.2}

~0.4f

001 005 010 050 1

X
ilObal fit D18 (Qo) = 0

sensitive to 0

uncertainty on Di8(Qo) =4 Diu/4
sluon D Du

need dihadron multiplicrties from RHIC

and better deuteron data from COMPASS

global fit

insensitive to
uncertainty on
oluon D

x h9? Q%= 2.4 GeV?

0.3
0.2}
0.1?

0.0
-o.1§

-0.2}

0301 005 0410
X

050




MC-based models of FF

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

(v) (L) (T)

- extended NJL quark-jet model

- string fragmentation model



extended NJL quark-jet model

/ quark hadronization chain

Nambu-Jona Lasinio model at each vertex

D1a~h(z, pt2) = MC statistical average of
proper multiplicities

results for g=u,d,s Matsroiyanil

and h=1T, K, p, K*, ¢, N PR.D83(11) 114010
D86 (12) 059904(E)

- pr-dependence deviates from Gaussian Matevosyan et al.,
- <pt2>: flavor- and nonlinear z-dependent ~ # P35 (12) 014021

— includes transverse momentum Bentz et al., PR. D94 (16) 034004
and spin correlations Matevosyan et al., PR. D95 (17) 014021

Matevosyan et al.,

- extended to DiFF  pz pgs 13 094022

. . interference
- and polarized DiFF Materoyan et al. .
PR.D96 (17) 074010 4 A -
! - - H<I .
Matevosyan et al., q Q' Q 1 as a recursive

PR.D97(18) 014019 AN Collins effect



string fragmentation model

3Pp string meson
breaki\n{g formation SIDIS Collins effect
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