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t gfﬁ (Semi-)Inclusive Deep-Inelastic Scattering

(E'p) " Q2 P 4EE sin%(6/2)
L CPeog
R o W2 '® M2 2My - @
i \\ y = v/E
\@ ; E./v

Factorisation mp geN-ehX = ZQDF'\H I ® ged—eq ® FFa—h

DF(x,Q?): Parton Distribution Function - g(x,Q?), Aq(x,Q?), 8q(x,Q?)...

FF(z,Q?): Fragmentation Function - D,(z,Q?), H/4(z,Q3), ...
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M\:ﬁ Search for a 2-y-exchange effect in DIS

@ 2-y exchange best candidate to explain discrepancy in
measurements of nucleon form factor G¢(Q?)
(Rosenbluth <> polarisation transfer) ¥

@ Interference between 1-y

and 2-y exchange amplitudes z ﬁ—

=== transverse target single spin
asymmetry (TSA) in inclusive DIS

@ TSA ~ beam char'ge

~_
® TSA~ S(kxk) either measure (\(E’

left-right asymmetries or sin(¢;) 5
modulation ° \iT

Front view of HERMES

arget spin
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t gég[é TSA in inclusive DIS
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Inclusive DIS:etpT e X | . _
¢ Som - epT X gy
0.02} -z
(P) |Events 001} s b o
: § ol T I |
er | 0.75| 2.9 M (R
e- |0.71| 48 M LI L
Spin-flip every 90 s e
mmm) acceptance effects cancel | P setX <&
g |
. S B
- AS S . Gt E | L 78 l |
Aur (6. Q05) = A (x5, Q) simd, A L, T TR ¢
af B EH AT
sings / omf 51
—_ 10} k"] Im-.«. o I;I;Ellasticflrac;iolnl N c
same for e+ and e- O AR TR %
S 1 O 1078
l N§ 1 i _ o DDD ) “*‘A; E
No sign for 2-photon exchange in DIS 107 102 o %



%gfg TSA in inclusive hadron production

Reminder: Ay inpT p = 7 (K) X

ANL BNL FNAL RHIC
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g .. : :
4 M TSA in inclusive hadron electroproduction

Inclusive hadron electroproduction:

et pT > hX Front view of HERMES
Scattered lepton not detected: E’h |
== quasi-real photoproduction A
Y
el |k |k b \l 2
664 M| 568 M[55M|30M Ta"qu SAl

Spin-flip every 90 s
mmm) acceptance effects cancel

Aut (Xa.Q%9) = sm(b (x.Q?) sind
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(p,y[GeV]

Inclusive hadron TSA
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Inclusive hadron TSA

Decrease at high p+
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Inclusive hadron TSA

Sign change for n-
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Sivers
g = 5 01 F
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Ay resembles Sivers (more later)

Collins
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Inclusive hadron TSA

Model predictions:

M. Anselmino et al., PRD 81 (2010) 034007

pions
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FIG. 2: Estimates of An vs. zF for the p! £ — 7 X process at HERMES (/s ~ 7 GeV ). Left panel: Sivers effect at Pr = 1.5 GeV;
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central panel: Sivers effect at Pr = 2.5 GeV; right panel: Collins effect at Pr = 2.5 GeV.
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i (gf_;g(g Transverse Momentum Dependent DFs

LO quark distribution functions | see discussion by A. Bacchetta

Mulders and Tangerman,

quark Nucl. Phys. B 461 (1996) 197
T T | s
U i (o hy (3)-(e)<«— Boer-Mulders DF*#\
L g, (& - )b (@)—- (®-#~worm-gear 1' DF #

Transversity DF #

T @0 5 @@
f 0 Qg 0 thQJg) (-5 Prezelosity DF #

Sivers DF * | | 'worm-gear 2' DF

2 00 -—-—0C S5

Only f, and g, measurable in inclusive DIS, all others in SIDIS

D, =D, = .normal’ FF, * T-odd
H,*= spm dependent Collins FF # # chiral-odd
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' Jfﬂ TMDs in SIDIS

do =doy, +cosz¢+%cos¢ dop, +ke%sin¢ do;,
+ 5 Sin(¢_¢s)+sin(¢+¢s)+Sin(3¢—¢s)

1 . 1 .
+6sm(2¢—¢5) doy: +6sm d.do

VA

Beam Target

Polarization (COS(gﬁ ¢S) —COS¢SdO' Qc;os,(2¢ ¢S)da }}
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R
Ya'd TMDs in SIDIS
T

sin(¢ + ¢) h, ® H* Transversity

U
do® 1 sin(p- o) F1®D, Sivers
dotyy cos(20) ht®H* Boer-Mulders
dot® ¢ sin(3¢ - ¢,) h, - ®H* Prezelosity
dcs“UL\ sin(20) h,t®H,-  Worm-gear 1
dG;LT cos(d - b)) 0+ ® Dy Worm-gear 2

The others are subleading, i.e., suppressed by 1/Q 1
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Transversity, Collins Amplitudes

Transversity DF

V4
2(sin(p + )"yt ~ hy9(x) ® H,19(z)

2 (sin(p+dg))ir

2 (sin(¢+dg))ir

2 (sin(p+dg) it
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~~7

@ Both Collins fragmentation
function and transversity
distribution function are sizeable

@ Surprisingly large ©- asymmetry

@ Possible source: large contribution
(with opposite sign) from
unfavored fragmentation,

l.e. u—> 1~

1 ~ 1
Hl disf ~ 7 Hl fav

@ Final results to be published soon
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Sivers Amplitudes for Pions

Sivers DF
Z/ Nqu fu L hTL
2(sin(¢ - ds)"yr ~ F179(x) ® D,9(2) PN I
PRL 103 (2009) 152002 —
5 01F + = =
= [T i . . .
L oot e il iy +;_ et See discussion by S. Melis
E T , bhp ! L
Yoot ) First observation of non-zero
T A Sivers distribution function in
0'15_ : ﬁ __* + +_ e DIS
NI L LA T SR )
01_1% i mmp Experimental evidence for
T & orbital angular momentum L,
: : : : of quarks
SUC TR B A :
T bl _+_i-____+_+%_ __+_H_+__+__4L__ - . y
SR IR N * But: Quantitative contribution
005 s of L, to nucleon spin still
X z P, [GeV]
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2 (sin(9-dg))yr
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0.3
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Transverse SSA for n* - ©-
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- 3 3
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. 4f1T C flT '

4 .I:lJ_,UV B .I:lJ_,dV
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t éfﬁ Sivers Amplitudes for Kaons

Sivers DF -
Z/ NUq fu L hTL
2(sin(¢ - ds)yr ~ f1719(x) ® D,9(2) B I
T é) gr | hy hg

PRL 103 (2009) 152002
5 02fk* 2 - See discussion by S. Melis
T : IR
£ °'1++++++++++ + ;‘+++++ {| == | arge and positive
;: | | P j _________________ '_+_ ________________

R BN e (but smaller than

preliminary data)

) MHH M MMH = Slightly positive
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R
Ya'd Boer-Mulders DF
Signals for Boer-Mulders DF h,t S D)

L J1 hlt
1 1
T fir Oit h, hyp

s -

See discussion by S. Melis

Azimuthal modulations of o Twist-4

)
@ leading-twist: 2{cos(2¢)),, sensitive to (h;! ® H) (+1/Q? (f; ® D))

& subleading-twist: 2(cos(¢)),, sensitive to both
(h;!® H; ) and (f; ® D;) - Cahn effect

Fully differential analysis (x,y,z,Py,,9)

==) Correction for finite acceptance, QED radiation, kinematic
smearing, detector resoultion

Previously shown: moments for h* from H and D targets

New: moments for n* with improved systematics 9



«_ggfg; Boer-Mulders DF

N/ U L
FU(:832¢:C|: 2(h k )(h pT) k pT@'I :| Uq ‘?) ‘ﬁ

sz @ - @
\//‘F;M

1 1
T fir Jir h, hyp

(COSOY L, f,, A _ z
\‘_,/ 3

Intrinsic transverse momentum ky of quarks
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cos(ng),, moments for n* - H target
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See discussion by S. Melis
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t gg cos(ng),y moments for n* - H, D target
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pﬁg Pretzelosity DF h;;*

Ng|Uu [ L | T

u f, h*

- 9, |hi
T fir 917 hl(\hﬂ
sin(3¢p, —ds
Fyr )
o[2(h-pr) (pr-kr) + p7 (h-kr) —4(h-pr)* (A kof, \o0
oMM, L),
leading-twist

Expected to scale with (p1)%k+

Suppressed w.r.t - Collins and Sivers (these scale with k+, pt)

- Cahn, Boer-Mulders ({cos¢) scales with k-, pt)
- Boer-Mulders ({(cos2¢) scales with kp+)
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2 (sin(3¢-dg)),

Pretzelosity DF h;+'
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T .
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7.3% scalel uncertainty u |k hy*

0.02 - - L AE . ) ! o |hi __
0 ;__*-_;_*f*-‘+_ —";—"—*—"*——f———————*ﬁ-***—-*——+—"———' T fl%l' ng hl hiT
-0.02 - + 5 + 5 QO J
—_———re—— T —— —
0.05 :—nﬂ 5 o

10" 04 0.6 0.5 1
X z P, [GeV]

Suppressed w.r.t. Sivers and Collins amplitudes

Compatible with zero within uncertainties

h;t might be non-zero, look at higher p+ o



t éfﬁ Worm-gear DF h, ', g7
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Feﬁ?ﬁ Worm-gear DF h,*
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Subleading term sin(¢.)yr
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t g‘g Subleading term sin(2¢-¢.),t
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it’s fair to say that HERMES has UNDOUBTLY continued and is continuing to contribute to the exploration of the nucleon’s quark structure
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