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 Transverse SSAs in inclusive processes:
large amount of data in pp collisions: sizeable from low to high energies (RHIC)

N

[ Single scale processes, sub-leading SSAs

21/07/2017 EICUG2017 U. D'Alesio AN in Ip->hX , TMD approach...



 Transverse SSAs in inclusive processes:
large amount of data in pp collisions: sizeable from low to high energies (RHIC)

[ Single scale processes, sub-leading SSAs

 Approaches:
Twist-three formalism (collinear factorization proven)

TMD scheme (phenomenological approach)

M In both cases phenomenology quite involved: many channels, many effects
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[ Transverse SSAs in inclusive processes:
large amount of data in pp collisions: sizeable from low to high energies (RHIC)

[ Single scale processes, sub-leading SSAs

 Approaches:
Twist-three formalism (collinear factorizzation proven)
TMD scheme (phenomenological approach)

M In both cases phenomenology quite involved: many channels, many effects

(L SSAs in inclusive particle production in lepton-proton collisions
Simpler (theor.): less channels, less color structure

- Close to SIDIS...a sort of bridge to pp collisions

A testing ground for

- approaches (twist-3 vs. TMD)

- a TMD unified picture (use of same TMDs as extracted from SIDIS)
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L r'z’.r_rT—ffJ‘l’
d::TT—I—ffc_T*Jf

Inclusive process
One hard scale P;

A(¢s, Sr) = St - (p x Pr)

spin T
— ST sin (_jb S A N

spin |
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Inclusive process doT—dot
One hard scale P; ~ doT+do?d
spin T ST‘ : (ﬁ X PT‘)
P St sin s AN
spin |
Lo: lg - lg Anselmino, Boglione, UD, Melis, Murgia, Prokudin

(2010: first study; 2014: comparison with data)
Fairly good description of HERMES data but
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Inclusive process doT _dot
One hard scale P; ~ doTtdot
spin T ST * (ﬁ X PT)
p St sin s AN
spin 1
L0: lqg - g Anselmino, Boglione, UD, Melis, Murgia, Prokudin

(2010: first study; 2014: comparison with data)
Fairly good description of HERMES data but

Inclusive events: final lepton scattered almost collinear Q* ~ 0
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Quasireal photon exchange

e Lepton as a source of quasi-real y

[ - ' y: final lepton almost collinear
9 P
~@E Vo x) = [ayh) ol — )
k;f’ \‘\
P

al+(1—y?2| [ u? _
—)—‘E fy/é(}’)zzﬂ, , ln( 2,2 — 1

y yomg

-

unpol xsecs. at NLO and WW in a collinear
framework Hinderer, Schlegel, Vogelsang (2015) Weizsacker-Williams approximation

Reanalysis of SSAs (and unpol. xsecs): UD, Flore, Murgia 2017
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TMD scheme + Weizsacker-Williams approx.
two fragmentation function sets (Kretzer, DSS)

HERMES, Vs = 7.25 GeV

Unpolarized cross sections
300—— LO lg > lq

WWvyq—->9q9 v9—qq

| NOTICE x> 0
backward proton hemisph.

3 3 2
E, d°6/d°P, [pb/GeV?]

PT — 14‘ GeV

-0.2 0 0.2
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TMD scheme + Weizsacker-Williams approx.
two fragmentation function sets (Kretzer, DSS)

HERMES, Vs = 7.25 GeV : .
Unpolarized cross sections

lp->7" X

— LO + WW 300 LO Ig — g

/

~. 3 WWyq->gq9 vg—4qq
10°| o NOTICE x>0

; 3 backward proton hemisph.
101 -DI:!

ul <

[ %\\)O(\Q

0 e(
10 > A®

o>

WW dominates at smaller Py (smaller y) and in the backward region (xy > 0):
Naively Q~0 (real photon) expected for forward scattering but
LO only 1/t? = 1/Q? while WW also 1/su, with |u| « |t] in the backward region
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TMD scheme + Weizsacker-Williams approx.
two fragmentation function sets (Kretzer, DSS)

HERMES, Vs = 7.25 GeV

300

3 3 2
E, d°6/d°P, [pb/GeV?]

50

0

WW piece:

Unpolarized cross sections

Pr

= 1.4 GeV

up to 70% of the total
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0 0.2

LO g - lq

WWvyq—->9q9 v9—qq

| NOTICE x> 0

backward proton hemisph.

12



B do!’ — do? B do! — dot

SSAs in a TMD approach Ay —

Y dot 4+ dot 2dounp
LO
Sivers

N A
A fq/p¢COS qu ® do & Dh/q quark

Al a/p A N
“ ™ GrdAG B A D, tcos dc Collins

21/07/2017 EICUG2017 U. D'Alesio AN in Ip->hX , TMD approach...

13



B do!’ — do? do! — dot

SSAs in a TMD approach Ay = —
doT + do? 2dounp

LO . e
N ~ Sivers
A fq/p¢COS qu ® do ® Dh/q quark

ql = ql / N <« NOT separable
R @ diAE B A D, tcos dc Collins
WW [
Aqu/pTCOS gbq X [dc}(n_ﬂ} X Dh/q -+ dag?7 79 X Dh/g] (Sivers quark )
ANfg/pf(?OS §Z5g X [da'm/_)q X Dh,/q + dé"m_}g X Dh,/g] Sivers gluon
h(f/p R dAAFT T ® ANDh/(ﬁcos bc \ Collins Y,

dAc™C + dAcWVV

AN:

LO WW
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e HERMES SSA data (backward region)

— higher statistics at Pr < 1 GeV: out of pQCD regime

— anti-tagged events, Pr > 1 GeV: mixture of low and large Q% components
— tagged events: Q% > 1 GeV?
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e HERMES SSA data (backward region)

— higher statistics at Pr < 1 GeV: out of pQCD regime

— anti-tagged events, Pr > 1 GeV: mixture of low and large Q% components
— tagged events: Q% > 1 GeV?

First study: LO (Anselmino, Boglione, UD, Melis, Murgia, Prokudin 2014):
3 inclusive and tagged event categories (large Q% component)
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e HERMES SSA data (backward region)

— higher statistics at Pr < 1 GeV: out of pQCD regime

— anti-tagged events, Pr > 1 GeV: mixture of low and large Q% components
— tagged events: Q% > 1 GeV?

First study: LO (Anselmino, Boglione, UD, Melis, Murgia, Prokudin 2014):
3 inclusive and tagged event categories (large Q% component)

This study (UD, Flore, Murgia 2017):

3 improvement in description of inclusive events (low Q%component)
 anti-tagged events (new)
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Only quark Sivers and (marginally) Collins effects sizeable

Predictions from SIDIS extractions ~ HERMES data (2014), Pr > 1 GeV

T o — ] 0
[ LO+WW () e ' -
LYWW (q+g) — - Inclusive data
|— ,. - |— -
sin [ _
i R o
ELFIEs = t
[ siDIS2 ¢ Tt [ siDIs2 s
T T T S X o J i S S E A A T
0 01 02 03 04 05 06 0 01 02 03 04 05 06
X Xg
i Pr=1.1GeV

WW: big improvement vs. LO!
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Only quark Sivers and (marginally) Collins effects sizeable

Predictions from SIDIS extractions

_||||| O]_ RERRELBEE

[ LO+WW (g+g) — -

|, = — ——— — —

--uu.I....|....|.,,,|,,.I|IIII--O_1 -IIII||||

WW: big improvement vs. LO!

21/07/2017 EICUG2017

Inclus[\llewdata ol
- . :
1o |7 aedgiT == :
—_ : HHHHHH -‘h{ O:
N | [ siDIs2 — i
T | -
n I I I _0.1_
05 06 0O 01 02 03 04 05 06
XF
Pr=1.1GeV

Unified TMD

U. D'Alesio AN in Ip->hX, TMD approach...

HERMES data (2014), P; > 1 GeV

~
—

e H
—

SIDIS2

-
——

O — — ]
_ LO+WW (q) s
I LO+WW (g+g) — -

NEW 3 Anti-tagged ]

— —

08 1 1214 16 1.8
Pr [GeV]

scheme

2 2224

}{F =0.2
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EIC studies: inclusive hadron or jet production

Unpolarized cross sections
EIC, Vs = 100 GeV

400_"""""_ 400071 7 T 1 1
350 3500 PI1->jetX P;1=2.5 GeV
N% 300 T 3000
0, r ] L
g 2507 S 2500
it 200 1 — 2000
:é 1507 «% 1500 |
ue 1007 o~ 1000 Here xz > O:
07 500 | forward proton hemisphere
° 0 (like pp collisions)
Kretzer == = XE
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EIC studies: inclusive hadron or jet production

Unpolarized cross sections
EIC, Vs = 100 GeV

400_'|'|'-|'|'_ 4000 ——————F———F——1———
350 3500 PI1->jetX P;1=2.5 GeV
N% 300 T 3000
0, r ] L
g 2507 S 2500
= 200 | :._ 2000
:é 1507 «% 1500 |
ue 1007 o~ 1000 Here xz > O:
07 500 | forward proton hemisphere
° 0 (like pp collisions)
Kretzer == = XE

- WW here much bigger (4-5 times) than LO:
-xp > 0 verysmall y at such P and large energies;
-xp <0 |u| < |t}
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EIC studies: inclusive hadron or jet production

Transverse single spin asymmetries
EIC, Vs = 100 GeV

U. D'Alesio AN in Ip->hX, TMD approach...

015 | I T T T I T I T I T T T I 1T 7 17T 71T 71 I I |
pl->n°X Pr=2 GeV p1-> jet X Xz=0.2
T 1t ] Here xp > 0:
3 forward proton hemisphere
= 0.05 . -
< (like pp collisions)
or _
- SIDIst - SIDIst
_005 | L 1 L | L | L | L 1 L | | I I T I S| | | |
-06 -04 -02 0 02 04 06 2 3 4 5 6 7 8 9 10 11
= P [GeV]
21/07/2017 EICUG2017
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EIC studies: inclusive hadron or jet production

Transverse single spin asymmetries

EIC, Vs = 100 GeV
015 T T T T T T T T T T T T T 1T 17T 17 "1 "1 " 1T " 1T TT17
pl->n°X Pr=2GeV | I pl->jetX Xg=0.2

Here xp > 0:
forward proton hemisphere
(like pp collisions)

0.05

sindg
ATy

SIDIST 1 t SIDIST
_005 I 1 L 1 L 1 L 1 L 1 L 1 L 1 ] I 1 1 1

-06 -04 -02 0 02 04 06 2 5 7
Xg P [GeV]

- WW+LO same as LO in the SSA (ratio)

wr
~F
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EIC studies: inclusive hadron or jet production

Transverse single spin asymmetries
EIC, Vs = 100 GeV

sin
AT

0.45 025
I 0 ] " @ /s=19.4GeV/c? ET04
pl->n"X Pr=2 GeV [ W s5=624CeV/c, PHENIX 3.2 <17 <37
- 1 %2« V3 =200GeV/c?, STAR (n) = 3.3
01r ] C % /5 =200CeV/c?, STAR () = 3.7 Here x- > O:
015~ # V5 =500GeV/c?, STAR 2.7 <7 < 4.0 ’ F .
Jos - * forward proton hemisphere
_ ot pp - nX : i (like pp collisions)
oL 0.05F- : g F
I ] N . "t 1’;{&
- SIDISt R — BN -
-0.05 PR S R B BRI SR T N T T D P T
-06 -04 02 0 02 04 06 0 01 02 03 04 05 06 07 08
Xp N XE

-xp > 0 Ay risingin xg as in pp = m X at RHIC;
- X < 0 NO spin-TMDs effects

21/07/2017 EICUG2017 U. D'Alesio AN in Ip->hX , TMD approach... 24



& 0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

=0.01

-0.02"——

EIC studies: inclusive hadron or jet production

Transverse single spin asymmetries

EIC, Vs = 100 GeV

T T ~ T T T ~ T~ T T
® Ay vs p, (0.16 < x_<0.24) (Isolation 70 mR) P | -> jet X XF:0'2
vs = 500 GeV n” Energy 50 GeV (x, ~ 0.20)
STAR Run 11 PRELIMINARY B 7]
pp — X
—+— Xp=>0
[ | T __T_‘+ o .
- lFI“J“*'—:— —-'_1 . et s et e _
| | L | L SIDISH
2 3 4 5 & 7 [P R E T L. [
Pp/GeV > 3 4 5 6 7 8 9 10 11
AP P.r [GeV]

- flat Py behaviour as in pp — mX at STAR

21/07/2017 EICUG2017
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Here xp > O:
forward proton hemisphere
(like pp collisions)
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EIC studies: inclusive hadron or jet production

Transverse single spin asymmetries
EIC, Vs = 100 GeV

o5——7————1 [T T T T T T T T
- pl->n°X Pr=2 GeV 1 [ pl->jetX Xg=0.2
o1f LT ] Here x; > O:
| Tt ] forward proton hemisphere
T N : (like pp collisions)
of e i
L sIDIS{ SIDIS1
T T B B N
-06 -04 -02 0 02 04 06 2 3 4 5 6 7 8 9 10 11
Xg P [GeV]
-xp > 0 Ay risingin xg as in pp = m X at RHIC;
- X < 0 NO spin-TMDs effects fJI_N“IEI‘::IIé[C))EIéTURE
- flat Py behaviour as in pp — mX at STAR
21/07/2017 EICUG2017
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Conclusions

e SSAs in Ip — h X: test of the TMD approach in single-scale inclusive processes
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Conclusions

e SSAsinlp - hX

e Strong analogy with SSAs in pp — hX but simpler
e Bridge between SIDIS and pp = hX

e Use of SIDIS TMD extractions: unified TMD picture

21/07/2017 EICUG2017 U. D'Alesio AN in Ip->hX , TMD approach...
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Conclusions

e SSAsinlp - hX

* Role of quasireal photon contribution
- Big in unpolarized cross sections, relevant in SSAs at low energies

- improvement in description of available SSA data

21/07/2017 EICUG2017 U. D'Alesio AN in Ip->hX , TMD approach...
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Conclusions

e SSAs in Ip = h X: test of the TMD approach in single-scale inclusive processes
e Strong analogy with SSAs in pp = hX but simpler

e Bridge between SIDIS and pp = hX

Use of SIDIS TMD extractions: unified TMD picture

Role of quasireal photon contribution

- Big in unpolarized cross sections, relevant in SSAs at low energies

- improvement in description of available SSA data

Studies of SSAs at EIC: expected similar behaviour in xr and Py asin pp = hX
towards a unified TMD picture of SSAs
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BACK-UP SLIDES
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COMPASS

Unpolarized xsecs. Transverse SSAs
COMPASS, Vs = 17.4 GeV COMPASS, Vs = 17.4 GeV
1000 —————————7 17— LN B F L B Ol L L L
— 800 - Pr=2GeV - ' 11 ]
< il N /'_ ) /'.
2 600 = - I
< | |EEEEs=T,, | [mEETTEEy, ]
= 400 “\\ —_— - ““‘3\
2 - _ X §
oL I 0.05} §— - k-
200 i |
3 [ SIDISt 1 [ sibis2 no—— ]
O_ _01 PR [N VRN SN T S NN TN TN TN T NN TN TN TN SN NN TR T T 1 PN I TR TR N T NN TR TR T T N T |T[| | -
0 0.5 1 1.5 0 0.5 1 1.5
n n n n
1 200 times heavier than e: NOTICE xf>0 _
less role of WW backward proton hemisph.
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d°c/dx-dP; [pb/GeV?]

300

250

200

150

100

50

JLAB 12 GeV

Unpolarized xsecs.

JLab-12, Vs = 4.84 GeV

[°He -> 1~ X

. , .
Kretzer ===
13He -> 1" X

DSS s |
Pr=1.5GeV ]|

0.2 0 0.2
XF
21/07/2017 EICUG2017

0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4
-0.5

Transverse SSAs

JLab-12, Vs = 4.84 GeV

T T T T T T T | T T T T T T |_._ T T ]
- SIDISH 4 | SIDIS2 T ——
L a L PT=1.5 GeV
L Tt~ 4 L ]
i T — — —

B I r ——— e = = - ]
| f | | L | L | I | L | L | L | L |
0.4 0.2 0 0.2 0.4 -04 -0.2 0 0.2 0.4
XF XF

NOTICE x>0
backward proton hemisph.
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