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= Inclusive p'p scattering: Ay = 9o —do- — dAc

doT +dot = 2doure
[see e.g. Aschenauer’s, M. Boer's talks]

= two-scale vs single-scale processes [see e.g. Prokudin’s talk]

£p’— hX as a bridge
\

test for TMD factorisation
= two approaches:

= Generalize Parton Model (GPM) [Anselmino, Boglione, D’Alesio,
Melis, Murgia, Prokudin, PRD81(2010) & PRD89 (2014)]

= collinear twist-3 [Gamberg, Kang, Metz, Pitonyak, Prokudin,
PRD90(2014)]

= extend previous GPM phenomenological studies

SSA in ep‘T — hX & quasi-real ~




Previous studies

= Detailed kinematics and first predictions [Anselmino et al. (2010)]

= first comparison with a selection (Q? > 1 GeV?) of HERMES data [PLB
728 (2014)]: TMD-LO study, £g — £q only partonic channel [Anselmino
et al. (2014)];

dUIo - daio = Z{Aqu/pr ® db ® Dpyq quark Sivers
q

+ hzli/p ® dAG ® ANDh/qT cos ¢c Collins |
KL & dnG @ AD, 1 cos(dc — 2¢q)} Collins 11

a2 2
S

Jr

] . 250
7> dAG ~ —eq%—2

A a2
do ~ ¢

-

* anti-tagged (Q® ~ 0) events not included
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Weizsacker-Williams approximation

¢ — £~ with final lepton almost

q = collinear = Q2 ~ 0 (quasi-real )
K. " lepton as a source of real photons
P . X h
1
do(pl — hX) = [ dy f,,(y) do(py = hX)
0
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Weizsacker-Williams approximation

¢ — £~ with final lepton almost

q = collinear = Q2 ~ 0 (quasi-real v)
K. " lepton as a source of real photons
P r ‘\

1
do(pl — hX) = / dy £,(y) do(py — hX)
0

WW distribution [Hinderer, Schlegel, Vogelsang, PRD92 (2015); 93 (2016)]:

al+(l-y) Iy
fe(ysn) = 5 " In T -1

4

+0(a®)

New partonic channels: gy — qg, gv — qq
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WW contribution to Ay for pT¢— hX

dAc® + dAc™W

AN = —————v
N7 [dotO + doWW]

ww o Lo
dAo =do,, — doy, =

- Z{A’qu Jpt COS g ® [dG7 7 ® Dyjq + d6¥ 7 ® Dyjg|  quark Sivers
q

n ANfg/pT 0 g @ [d(}gv—w ® Dyjg+ d6¥777 ® Dh/&} gluon Sivers
+ h/P © dA6T 7T @ A'D, 4+ cos G Collins |
n hlqu/p ® dAGT ™ & ANDh/qT cos(de — 2¢q)} Collins 11
(1)
deT—a ‘3‘ 352 ;fﬂ’ dg97E = d6TI (i > 1), d6ET 79 = d5ET T = €2 ‘A'Z%JZ e

dAsT—a = 82
3 q
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WW contribution to Ay for pT¢— hX

dAc® + dAc™W

Ay =229 TA959
N7 2[dot + doWW]

Ww T o
dAo =do,, —doy, =

— Z{Aqu /o1 €05 g ® [d67 77 @ Dy + d6% ¢ @ Dyyp|  quark Sivers
q

n ANfg/p¢ €05 ¢y @ [d&g”’ﬁq ® Dpyq + d687 71 Dh/é} gluon Sivers
+ h;l/P QdAGT T ANDh/qT cos ¢¢ Collins |
+ hlLTq/p QdAGT T @ ANDh/qT cos(pc — 2¢q)} Collins Il
45— = ,geg EAD Jori—8 = 4590 o B), d65T9 = d6ETT — e? vt
s to

dns—a = S
3 q

i1 dependence absent at LO!
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Phenomenological analysis



Parametrisation and data selection

= TMD parametrisation: usual factorised form

Ng(x) x [Coll. PDF(FF)] x [Gaussian ki (p. ) factor]

= tested two WW distribution and two different y scale (Pr and %)
almost no differences = u = Pr

= SIDIS1 and SIDIS2 extractions for Sivers and Collins functions [see
Pisano’s talk]

= gluon Sivers function from fit to SSA for p'p — 7°X data at midrapidity
[D’Alesio, Murgia, Pisano, JHEP 09 (2015)]
» HERMES Ay data [PLB 728 (2014)]:
= one bin with (Pr) ~ 1 GeV vs. xr
= one bin at fixed xr vs. Pr > 1 GeV (anti-tagged data)
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Kinematics for HERMES

In p'¢ c.m. frame:

x _ do! — do*
N dot + dot
ot “lefe h
P & A‘/PT Pr\upmn z A(¢S7 ST) = ST ' (i\, x PT)AN
spin 4 Tﬂgmn,, = Stsings An

HERMES: ¢p" c.m. frame
do = doyy [1 + St Sini/)ASLijr;-ij
sin¢:ST~(PA1- X IA() and IA(: —[A)
= 1 (]) pols. are along + Yem(— Yem) in both p'2 or £p" c.m. frames; recall
XF = 2PL/\/§, SO:

sin ir
A (xe, Pr) = AR 7 (—x, Pr)

SSA in ep‘T — hX & quasi-real ~

7/16



Unpolarized cross sections - HERMES

HERMES, unpol. cross section HERMES, unpol. cross section
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= xg > 0 proton backward region

= WW contribution more important at xr > 0: naively real photon (02 ~ 0)
for forward production but, in backward region |&] < || and

délo ~ =

SSA inepT — hX & quasi




Apn vs. xg and comparison with HERMES data

inclusive [backward target hemisph.]

02 T L R
N Lo — —
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Pr=1.1GeV LO+WW (q+g) — -
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= Collins and gluon Sivers effects negligible
= bands are for LO+WW(q)
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Ap vs. Pt and comparison with HERMES data
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= discrepancies for

anti-tagged [backward target hemisph.]
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Ay predictions - JLab

JLab-12, Vs = 4.84 GeV
0.4 T T T T
03| SIDISt 1 | sibis2 —_
Pr=1.5GeV ]

174+
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= role of u- and d-quark Sivers function exchanged while adopting SU(2)
symmetry for neutron

= large Ay(7") at large x¢ due to the probed values of quark’s light-cone
momentum fraction (up to 0.1 at xg > 0)

= wider uncertainty bands due to large-x region probed at moderate energies
(extractions of Sivers function are uncontstrained at large x)




Ay predictions - COMPASS

COMPASS, Vs = 17.4 GeV

0.1 T T
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= sizeable SSA for 7 with quite narrow error bands = need data to test
the approach
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donp predictions - jet production at EIC

EIC, \'s = 100 GeV
4000 : ‘ ‘ : 10*

LO+WW(q) ——

3500  PI->jetX F’iT=2.5GeV7 )
Xg=0.2

3000
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1000 1

500 B

-04 -02 0 02 04
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= here, xr > 0 corresponds to the forward proton hemisphere

= pure Sivers effect - no fragmentation process! (D;/q — 1 and
A'D, v — 0)
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Ay predictions - EIC

EIC, \'s = 100 GeV

0.15 T T T T T T T
pl->n°X Pr=2 GeV pl->jetX Xg=0.2
01} 1t ]
£
g2 oos| 1t h
< ~
0
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= gluon Sivers effect completely negligible

= WW contribution does not change LO behaviour (both enters with the
same structure in the SSA)

= interesting flat Pt behaviour - also measurable!




Ay vs. xg and comparison with HERMES data - new fit

Using the most recent Sivers fit [Anselmino, Boglione, D'Alesio, Murgia,
Prokudin, JHEP04 (2017), see Boglione’s talk]:

anti-tagged [backward target hemisph.]
0.2 . . . 0.15 .

- ] Lo — —
Ip->n"X Ip->7" X LO+WW (q) ——
015 F xg=02 4 01}F xg=02 4
0.1 4 005} i ]
2
7
005F @& —— _ E 0 ® B
— —_ - — -
P _—
oFf 4 -0.05 | ]
it016 fit016
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1 1.4 1.8 22 1 1.4 18 22
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= different Gaussian widths and PDFs (CTEQ6L)
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Conclusions

= computed (analytically and numerically), in the spirit of a unified
TMD approach, WW contribution to Ay for £pT — hX

= role of quasi-real photon exchange: huge in unpolarised cross
sections, crucial for SSAs description

= comparison with HERMES data improves significantly from previous
LO analysis when quasi-real photon contribution is included

= found sizable predictions for JLab and COMPASS for 7= production
and same behaviour as p'p — hX at EIC: fundamental to assess the
validity of TMD approach

= further investigation (both experimental and theoretical) are required
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Thanks a lot for your attention!

Gratzias meda po’ s’attenzione
bostra!
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doynp: LO and WW relative weights

HERMES, unpol. cross section HERMES, unpol. cross section
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= WW/TOT ~ 70 <+ 75% at small x¢ and still ~ 60% at large xr
= dominance of WW contribution

= gluon channel about 10%: ~q and /g channels dominate




An: WW distrubution and scale choices (1)

inclusive [backward target hemisph.] inclusive [backward target hemisph.]
0.1 T 0.1 T T T T T
w2=p2 Ip->m X 1p = /4 Ip->m X
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X

[Vogelsang et al., SIDIS1] [Vogelsang et al., SIDIS2]

X

[Brodsky, Kinoshita, Terazawa (1971), Kniehl (1990)]:

Y
£, /ely, E) = Q{H(ly”{mE—; In <§—2)+1

™ m

Yy
_l’_f
2

(2—y)? [(2-2
()]
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An: WW distrubution and scale choices (I1)

anti-tagged [backward target hemisph.] anti-tagged [backward target hemisph.]
0.15 T Amanc: Rsanc; T T 0.15 T Amanc: Amanc: Rsanc; T
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[Vogelsang et al., SIDIS1] [Vogelsang et al., SIDIS2]

[Brodsky, Kinoshita, Terazawa (1971), Kniehl (1990)]:
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Sivers function from SIDIS extractions

2 2
o006l Q°=2.4GeV

xAN (%)

-0.021-

-0.041-

xaV )

-0.06-

10" 1 0 02 04 06 08 1

x k. (GeV)

= Dashed line: SIDIS1 extraction (GRV98LO PDFs + Kretzer FFs)

= Solid line + band: SIDIS2 extraction (GRV98LO PDFs + DSS 2007 LO
FFs)
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doynp predictions - JLAB (1)

JLab-12, Vs = 4.84 GeV
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where xt = 2Pt /+/s.
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doynp predictions - JLAB (I1)

JLab-12, Vs = 4.84 GeV

3 _ ‘ Kretzer — =
I"He ->n~ X DSS
i Pr=1.5GeV |

d2o/dxdPy [pb/GeV?]

= LO different results due to large-z region explored more relevant for DSS
FFs
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doynp predictions - COMPASS

COMPASS, Vs = 17.4 GeV
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= log term in WW distribution is smaller (m,, ~ 200m.)
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do ., predictions - 70 at EIC

EIC, Vs = 100 GeV

400 : . . . 10° PRuane
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= here, xr > 0 corresponds to the forward proton hemisphere

= pure Sivers effect - no fragmentation process!
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Ay predictions - sign change fit at JLab

JLab-12, Vs = 4.84 GeV
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Ay predictions - sign change fit at COMPASS

COMPASS, Vs = 17.4 GeV
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