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"Beam in 30 minutes or it’s free"
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Outline

Day 2:

1. Nuclear Effects in DIS

2. Beyond inclusive scattering
- Semi-inclusive reactions (SIDIS)
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Deep Inelastic Scattering

do 40’ (E'Y
dQdE’ 0’

|:VV2 (v,0")cos §+ W, (v, 0%)sin g:|

Large Q2
MW, (v,0%) = F(x) lepton &
vW,(v,0%) — F,(x)

2
Q nucleon

_2Mv >

X

F, interpreted in the quark-parton model as the F,(x)= Zel_zxqi (x)
charge-weighted sum over quark distributions: p
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Nuclear Effects in DIS

Typical nuclear binding energies Ff@ /(szp 4 (A—Z)Fz”)
- MeV while DIS scales 2> GeV

(super) Naive expectation: '.'
A n [ / ]
F(x)=ZF, (x)+(A-Z2)F} (x)  _
R -
N
More sophisticated approach 2
includes effects from Fermi T )’ 7
motion & e
’ Ml X M=
F=Y [ df(nF (x/) N
i Uy 0.2 o cls 0.8

Quark distributions in nuclei were
not expected to be significantly . i korstaff and Th
. _ igure from Bickerstaff an omas,
Calculation: Bodek and Ritchie PRD
23, 1070 (1981)
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Discovery of the EMC Effect

* First published
measurement of nuclear
dependence of F, by the
European Muon
Collaboration in 1983

« Observed 2 mysterious
effects

— Significant
enhancement at small x
- Nuclear Pions! (no)

— Depletion at large x 2
the “EMC Effect”

« Enhancement at x<0.1 later
went away
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Aubert et al, Phys. Lett. B123, 275 (1983)
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Confirmation of the Effect

T T T I, T ] T ] { ]
SLAC re-analysis of old ~ "“*[¢fRechestersLac-inieage) ) fe e cat <po et ||
. ev/c < <
solid target data used 3l oSLAC (0.9<Q2%<1.6) 1L ESMiC(?’(CQjD)"’O(GeV/C’Z)
. . . L u 1
for measurements of Coder.Rirchie Ferm (0.9<Q2<1.6(GeV/c)?)
ogaexK-Riicnie rermi
cryotarget wall 1.2} Smearing — 1 | BodekRitchie Fermi .
backgrounds t % e~
L {%Fel. @ i
" & * K éﬁ%{ﬁ@
1.0 \ é 2 ¢ {% i “4&_{/ 1
- Effect for x>0.3 0.9 } H 1 H }%} %%H L
. ¢ $
confirmed %
0.8 Photoproduction i n
—>No large excess at Q%0 pe156ey) (@) %«thpmducﬁon (b)
very low x ¢ 2 4d wtowsisee) 4
0 0.2 0.4 y 0.6 0.8 10 O 0.2 0.4 « 0.6 0.8 1.0
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Subsequent Measurements

1.2 -
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A program of dedicated
measurements quickly
followed

The resulting data is
remarkably consistent over
a large range of beam
energies and
measurement techniques



Why is the EMC Effect Important?

 Neutron structure functions

— Almost all the information we have on neutron structure functions
comes from deuterium data

— Nuclear effects in deuterium relevant for extraction of neutron
information — directly impacts PDFS

* Neutrino experiments
— Neutrino experiments need nuclear targets

— Extraction of information for nucleons requires understanding
nuclear effects

« Understanding QCD

— Understanding the structure of the nucleon is obviously a key
goal

— Understanding the force between nucleons and how nuclei are
held together also crucial

— Why do “effective theories” work so well? At what point do
quarks and gluons become relevant?
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Nuclear dependence of structure
functions

Experimentally, we measure cross sections (and the ratios of cross sections)

do  40*(E')

2 2 6 2 2N 22 6 — 2
{Fz(v,Q )cos 5+M—VFI(V’Q )sin 5} F,(x)= Zel. xq,(x)

dQdE' Qv
—1
o F M>x? Q? 0
R="L=—"2|1+4 -1 — 2~
o ZxE( 0 j € [1 + 2 (1 + 4M2$2> tan 2]

o4  F5$'(14+€Ra)(1+ Rp) inthelimitR, =R, or =1
op FP(1+ Ra)(1+€Rp) * op/0p = FA/FP

Experiments almost always display cross section ratios, 6,/0,,

> Often these ratios are labeled or called F,A/F,P

- Sometimes there is an additional uncertainty estimated to account for the o>F,
translation. Sometimes there is not.
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Properties of the EMC Effect

O BCDMS (Fe)
® SLAC E139 (Fe)
¥ EMC (Cu)
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Global properties of the
EMC effect
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X Dependence
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X Dependence
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Properties of the EMC Effect
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Global properties of the
EMC effect

1. Universal x-dependence
2. Little Q? dependence*
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Q? Dependence of the EMC Effect

EMC | Q?=10-200 GeV?
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Gomez et al, Phys. Rev. D 49, 4348 (1994)

Aubert et al, Nucl. Phys. B293, 740 (1987)
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(*) Q2 Dependence of Sn/C

_]HH] T I||”HI TT Il”ll‘ __l'""] LA LR ULLALL TTTTY] T llll”‘ T TTTITTm| __lll]ll T 1 IIHHI T
F 0.01<x<0Q. T 0015<x<002 T o ‘ + 063<x<004

NMC measured non-zero Q2
dependence in Sn/C ratio at
small x

- This result is in some

8| T - : 1 tension with other NMC C/D
1.2 E_o,w<x<0.15 —EE_ 0.15< x< 0.2 _:_ 02<x<0.3 ';— 0.3 < x< 0.4 i and HERMES Kr/D results
1.1 & 0 I o .
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0.9 - I T ]
1 I 1 1

08 WWM+HHIH% _:;ML el e
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Arneodo et al, Nucl. Phys. B 481, 23 (1996)

.geffggon Lab 15



Q2 Dependence at Large x

JLab Results from Hall C

Q2=2.3 GeV?
T 8 (@°=2.2GeV?) 20— 2
\bo I -;2°(02=§.:Gev2) W-+=1.9 GeV
L 12 - 26° (Q°=3.3GeV?)
. [ SISty S SIS
L Voo,
0.8 L Q2=3.6 GeV?
' o W2=2.4 GeV?

02 03 04 05 06 07 08 09 1

Small angle, low Q? = clear scaling violations for x>0.7, but
surprisingly good at lower x
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Scaling at Large x
JLab Results from Hall C

o 12 Q%=4.06
JLab data from Hall C <, -, 02_4'50
- C/D ratio constant © . QZ; 483 ‘
even at large x for 1.1 2 Q533 W2=2.5 to 3.34 GeV?
W<2 GeV [ I
—> The nuclear wave
function smears the 16

cross section enough
to mimic “local duality”

0.9
- Need to avoid the -

Delta resonance - ' ' ' | I | !
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Quark-Hadron Duality in Nuclei

* Free nucleon

— average over resonance
region =DIS scaling limit
 Bound nucleon

— Fermi motion does the
averaging for us

— Resonances much less
prominent in nuclear
structure functions

* Nuclear structure functions
appear to “scale” to lower Q2
than their free nucleon
counterparts with no explicit
resonance averaging

.geffg'gon Lab

J. Arrington, et al., PRC73:035205 (2006)

Ly

F.°/2

F,f/56
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More detailed look at scaling

C/D ratios at fixed x
are Q2independent
for

W?2>2 GeV?2 and
Q2>3 GeV?

JLab 6 GeV EMC

data scale up to
x=0.85
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Properties of the EMC Effect
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Global properties of the
EMC effect

1. Universal x-dependence

2. Little Q2 dependence

3. EMC effect increases
with A

- Anti-shadowing region
shows little nuclear
dependence

20



A-Dependence of EMC Effect

T i T
1.1 L - T T ]
w ‘ o
P Sn Pb ¢ A
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| | D U Be C He *
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- : f - | e
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¢
1 b ‘\’\"‘-—Lﬁ\r"_\_'\* 1 W‘*O\k\_‘\’_\;{
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NMC: Arneodo et al, Nucl. Phys. B 481, 3 (1996)
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A-Dependence of EMC Effect

1.1 T TTTTTT] T TTTTTT] T
- (a) x=022 -
1.0 _¢_+-¢¢-=_—4_é_¢__¢__.
2 B -
Gb\O.Q Lol Lol |
<
)

Lotorrrtd I

0.8 Lol
1 10

100

Nuclear Weight A

(cMo9),q

1.1

1.0

0.9

p=3A/4rR 3

<r’>>=RMS electron scattering radius

SLAC E139: Gomez et al, PRD 49, 4348 (1992)
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E03103 in Hall C at Jefferson Lab ran Fall 2004

JLab E03103

- Measured EMC ratios for light nuclei (3He, “He, Be, and C)

- Results consistent with previous world data
- Examined nuclear dependence a la E139

—h
.
—h

REMC=(F‘2\/F3)/ (A/2)

o
©
I T

—h
g

} Normalization (1.6%)

0.3 0.4 0.5 0.6 0.7 0.8 0.9
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New definition of “size” of the
EMC effect

- Slope of line fit from
x=0.351t0 0.7

Definition assumes shape of
the EMC effect is universal
for nuclei

—>Data consistent with this
assumption

- Normalization errors mean
we can only confirm this at
1-1.5% level
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EMC Effect and Local Nuclear Density

9Be has low average density

- Large component of structure is
2a+n

- Most nucleons in tight, a-like
configurations

EMC effect driven by local rather
than average nuclear density
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0.35 s
0.30 [

0.00 0.02

Lo+ 1 | | |

$ e

004 006
Scaled Nuclear Density [fm_s]

0.08 0.10

“Local density” is appealing in
that it makes sense intuitively —
can we make this more
quantitative?
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Local Density > Short Range Correlations

What drives high “local” density in the nucleus?

More complex calculations start from realistic NN potentials

104
V (I‘) 102
100
&
I .
3
B 107?
0 —————————————————————— @
a
104
[fm]
10~8

'*0 n(p)
van Orden, PRC 21 (2628) 1980 —

Correlated

Uncorrelated

0

10
p [m.u]

Tensor interaction and short range repulsive core lead to high
momentum tail in nuclear wave function - correlated nucleons
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Measuring Short Range Correlations

To measure the (relative) probability of finding a correlated pair, ratios of
heavy to light nuclei are taken at x>7 - QE scattering

If high momentum nucleons in nuclei come from correlated pairs, ratio of A/D
should show a plateau (assumes FSls cancel, etc.)

5.5

2N SRC

3N SRC

. % LS
;A 1|§|C % f ]
;

i

_ 4 ® e — ¢ L J . - —
C QQ

: ®

nr ot 2 0,

Y Tt ——— =a,(A)

[ AAA A o

0.8 1 1.2 1.4 1.6 1.8
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1.4<x<2 => 2 nucleon correlation

2.4<x<3 => 3 nucleon correlation
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EMC Effect and SRC

% 0.5
% x2 / ndf 4.895/5 197,
. . . 0.4 0 - . :i__.
Weinstein et al first = P 0.08426 + 0.003869
observed linear correlation % os
between size of EMC S

effect and Short Range
Correlation “plateau”

Correlation strengthened
with addition of Beryllium
data

O. Hen et al, Phys.Rev. C85 (2012) 047301

- 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0% i 5 3 4 5 6

a,(A/d)

This result provides a quantitative test of level of correlation
between the two effects

.geffégon Lab 27



Origin of the EMC Effect

 (Observation of correlation between size of EMC effect
and SRCs interesting — but still does not explain the
origin of the EMC effect

« Seems odd that an effect observed in QE scattering
perhaps has common origin with modification of quark
distributions

* Nonetheless, this correlation can be used to glean
information about nucleon structure

.geff;Zon Lab
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EMC Effect in Deuteron from SRCs

EMC-SRC correlation
used by Weinstein et al to
extract the “in-medium
correction” by
extrapolating to a,=0

2 o4

IMC >

Ao, + o,

5 05

e 2 / ndf 4.895/5

\J it 197 AU
= 04— | p0  -0.08426 + 0.003869 >
L

oc

© 03

O. Hen et al, Phys.Rev. C85 (2012) 047301

IMC(D) = EMC(N) — EMC(D)
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0 1 2 3 4 5 6
a,(A/d)
| dirvc | _ o 079+ 0.006
dax
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EMC Effect in Deuterium

EMC effect in deuterium
also recently extracted
using data from BONUS
experiment (see
yesterday)

From BONUS: F? /F?,
Use world data from FP, =
and F?,

/(F,P+F,")

F,

Size of EMC “slope” extracted
from this analysis consistent
with that extracted from EMC-
SRC correlation
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1.06
1.04
1.02
1
0.98
0.96
0.94
0.92
0.9

CJ12
systematic errors
= = = Kulagin and Petti
_ —A— W>1.4 GeV; 4 GeV data,
—@— 445 GeV; W>1.4 GeV; Q°>1
— -0.10(5)x+1.03(2)

01 02 03 04 05 06 O.

X

Griffioen et al, arXiv:1506.00871 [hep-ph]
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Future of the EMC Effect

« Akey question moving forward is exploration of the role
of SRCs in the EMC effect

 New observables may be needed to gain further insight

— Flavor dependence of the EMC effect (valence and
sea quarks)

— EMC effect in polarized quark distributions?

* Quark-meson inspired coupling models of the EMC
effect seem to bridge the gap between quark and
nucleon degrees of freedom

— These models do not include or give rise to SRCs
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Semi-inclusive DIS

SIDIS - production of one or
more hadrons in DIS reaction

Simple picture:

1. Electron scatters from quark
in nucleon

2. Quark is kicked out >
subsequently hadronizes,
ending up in bound state

In this simple picture, SIDIS can
be used to “tag” the flavor of the
struck quark in DIS process

do" < 3" fH79(2)dog(y) DI (2)

<

Fragmentation function
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Semi-inclusive DIS

In principle SIDIS can also be

used to gain information about
spatial distributions of quarksin  ¢©
nucleons

—> This requires measurements/
observation of transverse

degrees of freedom

do" oc 3 FH179(2)dog(y) DI (2)

l

do" oc Y fH179(a, k) ® dog(y) @ DT (2, p))
.geff;lZon Lab
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SIDIS Kinematics

Useful kinematics related to outgoing hadron:

P a-p — @ Fraction of virtual photon energy transferred to hadron
q-P 1%
| = P-4 pT = (p2 — pﬁ)% Components of hadron momentum
{ ‘q| relative to q

(—Cf X ) ' (_CT X p7z) Azimuthal angle between electron

=7 = — scattering plane and hadron reaction
|4 % K[|q < pa] plane

COS ¢ =

.geffggon Lab 34



SIDIS Cross Section

General form of unpolarized cross section:

2

do B a? Y
drdydzdp2dy — xyQ? 2(1 —¢)

[FT +el'r + \/26(1 + €) cos pF 1 + € cos ZngTT}

Integrate over p;and ¢, cross section can be expressed in terms of quark-
parton model:

do — do where
dedydz ODISE
1 do Xy e2ap(e,Q1)DI(2)
oprs dz Zf G?Qf(xaQQ)

.geffggon Lab 35



Fragmentation Functions

D,"(z,Q?) - probability to form hadron (h) after quark
of flavor (q) is struck

In Quark-Parton Model, fragmentation functions Q? independent
- In reality, evolve with Q? like quark PDFs

Fragmentation functions can be measured in e+e- reactions - no

complication due to hadron structure
- Only average FF accessible — need other information for flavor

dependence

For pion production, charge and isospin symmetry reduce number of FF’'s needed

T T T ot
Dt =Dl =Di =DI =D~

D~ =Df =Dj =DI =D&
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SIDIS Examples

Light quark sea flavor asymmetry

can be extracted using semi- 506 5
inclusive pion production 205 s
|/=.70.4 . e — CTEQ 4Iq
: ® =W
- Assumes leading order 03 - MRST (98)
factorization 02 -
0.1 -
—> Do not need knowledge of 00, ol
absolute fragmentation functions, 10 10
but do need FF ratio: D-/D* s14¢ L GRVSATE, 01540 GV 5
=12 - , ,
r \ ® HERMES <Q">=2.3 GeV
1 3 O E866 Q°=54.0 GeV>
) 08 - GRV 94 LO
D+ = favored fragmentation 0.6 <70
function (u—=> 1+) 8? - N
D- = unfavored fragmentation ry 5885,
function (u—> 1r-) 02,
10 10
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Strange quark
distributions from

(K*+K-) production

SIDIS Examples

—_ T
X
@ (Q%)=2.5 GeV*

04

s HERMES with [D(z,Q°)dz=1.27 -

— Fit
--... CTEQ6L

— .. x(u(x)+d(x))
CTEQ6.5S-0 -

=== NNPDF2.3

0
002 04 0.6
Phys.Rev. D89 (2014) 9, 097101 X
dNE (2, Q?)
) [ D Q) ~ Q) 5 s o — [ DB (@]
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SIDIS Examples

_t
02 /t;.;é R tf'
Polarized quark distributions . i B
dO'l +( ) . ) x'Acli | + |
Dz e e Sy Y S
dﬂ?dQ2dZ Z q ( y Q ) Wl ; m_.;._. ?
::::+::+: ::::::L=.= ..... —
L _|_ — 0 = =====f%====F=5
Aq(z) =¢"(z) — ¢ (z) - A
-0.2 - XAu
HERMES used a “purity” analysis so o =’;Ai VORI Y S
they wouldn’t have to measure the - T
absolute magnitude of fragmentation 02
function i s
S S O S
0.2 :_ X-As
0.I03 — I011 I I I I0:6

X

Jefferson Lab HERMES, Phys.Rev. D71 (2005) 012003 39



SIDIS with Transverse Degrees of
Freedom

In the more general case, allowing for

target and beam polarizations, the cross

section is a bit more complicated

- Measurement of the transverse
momentum of the hadron also allows
for access to information regarding the
initial transverse momentum of the
quark

- Transverse momentum dependent
distributions — TMDs

- Azimuthal asymmetries key to
accessing TMDs

Example: Transversely polarized target, unpolarized beam

do a? y?

= Tunn S | [[si Fsin (Sn—s) | _psin (@n—gs)
Trdndaadedandyr . = Tt por o g Sl bin @ — o) (Fiifr ) + ey o))

+esin (¢pn + ¢g)F Sln(¢h+¢5)—|—€Sin(3¢h_¢ Sln(3¢h ¢s) /26 1+ €) sin ¢g Fs1n¢s
V2e(1 + €)sin (26, — ) Fpyp OO~ 99)]
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TMDs

In the inclusive/forward hadron production case, we sample one-
dimensional parton distribution functions

TMDs allows us to explore the distributions of partons in the transverse
direction

q(a;') — Q(xa kT)

Transverse momentum
also generated during
fragmentation

D(z) — D(z,pr)

.!effegon Lab
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q(x) — q(z, kr)

Probability of producing hadron with
transverse momentum P; comes
from a convolution of k- dependent
parton distribution and p- dependent
fragmentation function

Pr = pr + zkr

.!effegon Lab
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SIDIS and TMDs

D]_ ;ang%:rrjtzaetidon FUU — lel
uncton

cos (2¢p) 1l

oy — hy Hj

ollins sSin (2¢h) 1 |

Hf_ gaglzjlmentation FUL — hlLﬂl
function

Frr — gD

Beam polarization FZ}; (flibh —¢s) _ fJ_ Dl

Fsin(¢h+¢s) . thlJ_

Target polarization _U:';T
Frr (Wn=?s) _ gD,

.geffégon Lab

Unpolarized TMD

Boer-Mulders TMD

Worm gear TMD

Helicity TMD

Sivers TMD

Transversity TMD

Pretzelosity TMD

Worm gear TMD
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Distribution Functions
N/q U L T - quarks

U t -
- 1 U=unpolarized
1, o4 1T L=long. polarized

T=trans. polarized
T | fiz | 17 | hihyp

T

nucleon

Diagonal elements = usual PDFs

Off-diagonal elements = transverse momentum distributions, require
non-zero angular momentum

flJiﬂ —> Sivers function, describes unpolarized quark in trans. pol. nucleon

hf‘, hf‘L, hf‘T - Boer-Mulders functions describe transversely polarized
quarks in un/long./trans./polarized nucleon

.geffggon Lab



Unpolarized SIDIS

Hall C @ JLAB: E00-108

Measured P,

dependence of
unpolarized SIDIS
cross sections for:

" and 11 from
H and D

..geff;gon Lab

J—

sr)|

2
¢

do/dQ dE dzdP2d¢ [nb/(GeV?

10

n from H

0 005 0.1 0.15

n from ‘H

lllllllllllllllllll

0 005 0.1 0.15

P? [(GeV/c)]

0 005 0.1 0.15

n' from ’H

B lllllllllllllllllll

0 005 0.1 0.15

P? [(GeV/c)']
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T+

Op

:.'T_
Op

T+
On

H

Model P, dependence of SIDIS

Gaussian distributions for P dependence, no sea quarks, and leading order in (k;/q)

—=C :4c1 (’Pt')e_b”t2 -+ (d/u’)(D

=C[4(D
= C[4(d/uyca(Pe~bd 7 + (D

= C|4(d/u)(D~

Inverse of total width for each combination of quark flavor
and fragmentation function given by:

.geff;gon La

~/DT)ca(PpyePali
_/DJF)Cs(Pr')f?_b“_Pf2 -I-(d/u)c4(Pt)e_bEfpr
~ /DT )c3(Prye” by P
/D¥)ca(Poe™a Pt 4 ¢y (Ppe b e

—

-

—

—

—

—

=

b:l:

(z U +/xi)

1

- factorization valid

- more ...

Simple model, with several assumptions:

—> fragmentation functions do not depend on quark flavor
—> transverse momentum widths of quark and fragmentation
functions are Gaussian and can be added in quadrature
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Unpolarized SIDIS

u2,=0.07 £ 0.03 (GeV/c)?

0.22p

....

S
¥

0.18}

@) [(GeViey]

0.16] 3 (@)

PR TR T T B
0.05 0.1
)’ [(GeVic)]

“u=“d

0.08

0.15

)7 [(GeViey]

.
v,
e

(1

(c)

1 .i.. '
0.05 0.1

2 2
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0.15
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b2y

&
o
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0.16
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A, P-Dependence in SIDIS

m,2=0.25GeV/?2

2_ 2
S e2g?()DITT(2) _,2p2 (h5—13) mp2=0.2GeV?
q-q71 1 T2 42,2702 42,2 .
1 X > 7q =T e (np+z2ud)(wh+2z2us) M.Anselmino et al
> qgeifi (z)D7 " (2) hep-ph/0608048
~ 0.6 q 1 k:%
< fi(x, kr) = fl(ﬂf)XD (=)
0.5 - ,LLO
q _ 1 k7
H2
0.3 [ q 1 p%
: Di(z,pr) = D1(2)—F5 exp (——5)
02 [ THD 1D
0.1 Ao CLAS
- ® CLAS-2009 (projected)
0 A
I e — — I New eg1dvcs data allow
o 0.2 0.4 0.6 0.8 1 multidimensional binning to study
e : k——dependence for fixed x
In perturbative limit predicted to be constant TP

n+ A;, can be explained in terms of broader k;
distributions for f;, compared to g,
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Proton Single-Spin Asymmetries with CLAS

1 quarks in the longitudinally

N a u I T
i ¥ N -
u 1 h;, SI n 2¢
L I AUI_ - h
T flT o h
Tc+
1 015
= -
< o041}
o bk =

0.05 ||
-0.1 |
-0.15 |

_0.2 il L I 1 | L 1 1

Transversely polarized

polarized nucleon

.‘;.*i_ = /fé\ - f/;@
L T \>

W2>4 GeV?

Q*>1.1 GeV?
y<0.85

ep—e’pX

0.4<z<0.7
M,>1.4 GeV

P,<1 GeV

0.12<x<0.48

.geff;lZon Lab

~10% of
EO05-113 data

\

n* p0+p1*sin(x)+p2*sin(2x)
p0 = 0.0114, p1 = 0.0929, p2 = -0.0352
e0=0.0035, e1 = 0.0066, e2 = 0.0063

IIIII|I
I &

Much higher statistics from 2009 run
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Transverse Target Asymmetries

Collins asymmetry Sin (¢h + gbs) — hlf‘]f‘

Provides access to “transversity” distribution = linked to tensor charge of
the proton

1
0q = / h‘lf (g;) Fundamental property of nucleon,
0

Sivers asymmetry sin (gbh — gbs) — flJ‘TDl

Quark distributions in a transversely polarized nucleon
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Transverse Target asymmetries from

Collins asymmetries

PLB 744 (2015) 250

.geff;?son Lab

COMPASS

g ¢
H* i T 4 t
¢ ot
‘"i""g”'g'a """""" ‘363;}"5"&"#'"'} """ ¢§§5§5'§"¢ """" ? """
9 bt

IR

0.1 s
saaul PEEPET R TIT | A4 s N 1 1 1 |
1072 107 0.5 0.5 1 1.5
X p’; (GeV/c)
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Transverse Target asymmetries from
COMPASS and HERMES

a8 3 COMPASS " x<0.032
~ 0'I—o f;?;‘\:/r\:qrr PE‘I(.]'ldf 2009 | {) E
| 00 wab | Wit | eyl ﬂ +
Sivers v i 9&3 i # 4 ts
asymmetries o BT e e oo i o o + V. ik, S
-_'O'OS_A“.I PR PTY B . A .
e & 0.2F* COMPASS K' x<0.032 - -
= ® COMPASS K* x4.032

O HERMES K’ PRL 103 (2009) + % +

PLB 744 (2015) 250

.gef_f/etgon Lab
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SIDIS Summary

« Semi-inclusive DIS a powerful tool for exploring how
guarks are distributed in the nucleon

— Flavor tagging for polarized and unpolarized PDFs

— TMDs allow exploration of transverse structure - link
to orbital angular momentum

* Most SIDIS data has been acquired at fixed target
facilities > HERMES, JLab, COMPASS

— JLab has a large SIDIS program planned for Halls A,
B, and C as part of 12 GeV Upgrade

— A future EIC would provide a huge amount of data in
the “sea-quark” regime
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DIS Cross Section

Reminder: Inclusive case

do A or®

dﬂ?d@2 — 33@2 [y2513F1(CE, QQ) + (1 _ y)FQ(ZC7 QQ)}

Quark parton-model

Fy = 2zF) Fy(z) =2 ) efqs()
I
do 2 a?
drdQ? ~ zQA 1+ (1 -y Z etqr (@)
J
do 2malTs
dedy ~ i A= y)’] Y efar(x)
J

.geff;lZon Lab
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CJ12 PDFs

Nuclear effects in deuteron lead to significant uncertainties in quark PDFs at
large x

—> This has been studied in some depth by the CTEQ-JLAB collaboration

13 S ' S L S Ll ! Ll

[ == no deuteron 2 == nodeuteron
1.2 = === nuclear crror 1.8 } === nuclear error
L —— PDF error r — PDF cmor

11p -
® T 12
T 9 =
- > 1
09 0.8
06
08 ) ) 0.4
L Q=100 GeV” 0.2
0.7 PR K W S — ) " N . —
) 0.2 0.4 0.6 0.8 1 ) 02 0.4 0.6 0.8 1

J. F. Owens, A. Accardi and W. Melnitchouk, Phys. Rev. D 87, 094012 (2013)
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