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Impact parameter dependent parton distributions and transverse single spin asymmetries
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Generalized parton distributiof§&PD9g with a purely transverse momentum transfer can be interpreted as
Fourier transforms of the distribution of partons in impact parameter space. The helicity-flip GPD
E(x,0,— Af) is related to the distortion of parton distribution functions in impact parameter space if the target
is not a helicity eigenstate, but has some transverse polarization. This transverse distortion can be used to
develop an intuitive explanation for various transverse single spin asymmetries.
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I. INTRODUCTION (P’,S'|CA)q’5(X,OL)|P,S>

Deep-inelastic scattering experiments allow the determi- 1 ~ CysATL
nation of parton distribution functiond®DF9, which have =—-u(p’,s")| vy ysHq(x, &) +i v B
the very physical interpretation as moment(finaction) dis- 2p
tributions in the infinite momentum fram@MF). PDFs are xu(p,s) (1.4)

defined as the forward matrix element of a lightlike correla-

tion function, i.e., with Eu: 3(p*+ p'*) being the mean momentum of the tar-

. get, A¥=p’#—p* the four momentum transfer, ariek A2
a(x)=(P,S|04(x,0,)|P,S) (1.)  the invariant momentum transfer. The skewedness parameter

£=—A"/2p* quantifies the change in light-cone momen-
Aq(x)S*=P*(P,S|0qs(x,0,)|P,S) tum.
An important physical interpretation for GPDs derives
with from the fact that they are the form factors of the light-cone
correlatorsO,(x,0,) and Oy s(x,0,). Because of that, and
. dx~ X~ X~ L by analogy with ordinary form factors, one would therefore
Oq(x,OL)Ef Eﬂ - 710L) 7+Q( 5 0¢>6'Xp * expect that GPDs can be interpreted as some kind of Fourier
(1.2 transform of parton distributions in position space. Indeed, as
has been shown in Refg3-5], the helicity nonfliy GPDH
. for £=0 is the Fourier transform of th@inpolarized impact
7,()L)(_)ixn*X_ parameter dependent parton distribution functegx,b, ),

¥ ¥sq .
l.e.

A dax— X~
Oq,S(XvOJ_)EJEq —50

When sandwiched between states that have the same light- d2A,
q( ’ l):f

cone momentunp* = 1/,/2(p°+ p?), these operators act as —— e MPH(x,0,- A%). (15
a “filter” for quarks of flavor g with momentum fractiorx. (27)
Throughout this work, we will use the light-cone gaujé ) ) ) )
=0. In all other gauges, a straight line gauge string connect! N€ reference point for the impact parameter in 8g95) is
ing the quark field operators needs to be included in thign€ (transversgcenter of momentunic.m,) of the target
definition (1.1). Obviously, since PDFs are expectation val-
ues taken in plane wave states, they contain no information R = if d2x f
about the position space distribution of quarks in the target. Lt L
Generalized parton distribution&sPD9 [1], which de-
scribe for example the scaling limit in real and virtual Comp-\here T** s the light-cone momentum density component
ton scattering experiments, are defined very similar to PDFgf the energy momentum tensor. The sum in the parton rep-
except that one now takes a nonforward matrix element Ofgsentation foR, extends over the transverse positiong
the light-cone correlator of all quarks and gluons in the target, and the weight factor
X; is the momentum fraction carried by each parton. The
(P’,S’|C)q(x,oi)| P,S) impact parameter dependent PDFs are defined by introducing
the b, -dependent light-cone correlation

dX_THXL:iqu Xir, i, (1.6

+v
v

1 Y + g
26+U(|o SO Y H(X 6D+ o= Ey(X6,1)

IThe “helicity” basis that we are using refers to the infinite mo-
Xu(p,s) (1.3 mentum frame helicity2].
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q(x,b,)=(p*,R, =0, 1)\|éq(X!bL)|p+lRJ_:0L ), because otherwisg(x,£=0,t) does not contributé7]:2
1.7 .
(p*.p.+A, lTloq(X10L)|p+apL 1)
h
where =H(x,0,—A?), (2.1
+ — — 2 + ~
PR.=0, M—Nf Fpptpeh) 19 (P*.p. A, ,110q5(x,0,)P™.p. 1)
is a state whose transverse c.m. is localized at the origin and __ Ax—idy _ A2
; o ) . E(x,0,—A7). (2.2
N'is a normalization constant. They are simultaneous eigen- 2M

states of the light-cone momentup®, the transverse c.m. ) o )
(with eigenvalue0, ), and the angular momentum OperatorTherefore, if one wants to develop a density interpretation

2 .
J,, which is possible due to the Galilean subgroup of transfor E(x,0,—AT) one needs to consider states that are not
verse boosts in the IME2]. helicity eigenstates. The superposition where the contribu-

tion from E is maximal corresponds to states whérand |

A similar connection exists betweéhand impact param- : : . .
pactp contribute with equal magnitude. We thus consider the state

eter dependent polarized PDFs

1
d’A ) - — T rInt _ + _

Aq(X,bL):f —L e*'ALbLH(X’O,—Ai), (19) |X> \/§[|p ’RJ_ OJ_ !T>+|p !RJ_ OJ_ vl>]! (23)
(2m)?

which one may interpret as a state that is “polarized inxhe

direction(in the IMF).” However, since the notion of a trans-

verse polarization is somewhat tricky in the basis that we are

0 using (states that are eigenstatespdf andR, ), there may

be some relativistic corrections to the actual interpretation of

It should be emphasized that impact parameter dependehthat this state corresponds to. In the following, we will keep
parton distributions have an interpretation as a probabilityfnis caveat in mind when studying the properties of this state
density. In fact even though we will refer to this state as a “transversely

polarized nucleottin the IMF).” The unpolarized impact pa-

where

Aq(x,b,)=(p*,R, =0, ,7|Oqs(x,b,)|p*,R, =0, ,(Tl>-1

5 rameter dependent PDF in this state will be denoted
f d“b, q(x,by)=q(x) ax(x,b, ).
Repeating the same steps that led to @g5 and using
q(x,b,)=0 (x>0) Egs.(2.1) and(2.2), one finds
q(x,b,)<0 (x<0) Ax(X,b. ) =(X|Oq(x,b,)[X)
d’A,
_ —iA; b _ A2
f dzbiAq(X,bi):Aq(X) J (277)29 o Hq(X101 AL)
iA
|Aq(x,b,)[=<[qg(x,b,)I. (1.1 +2—NTEq(x,o,—Af)

Equations(1.5 and(1.9) imply that GPDs foré=0 can be 1

used to construct “tomographic image$6] of the target =q(x,b,)— W%S‘*(X’bﬂ’ (2.9
nucleon, where one can study “slices” of the nucleon in y

impact parameter space for different values of the light-cone . .
momentum fractiorx, and one can learn how the size of the WNere we denoted, the Fourier transform ok, I.e.

nucleon depends or Another useful piece of information 42A

t_hat is contained in the;e _3-di_mensional images is_how _the 5q(X,bl)EJ' L e—iALbiEq(X,O,_ Af). (2.5
light-cone momentum distribution of the quarks varies with (2m)?

the distance from the c.m.

Amazingly, the transverse resolution in these images i$hysically, what this result means is that for a nucleon that is
not limited by relativistic effects, but only by the inverse transversely polarized and moves with a large momentum, an
momentum of the photon that is used to probe the GPDspbserver at rest sees parton distributions that are distorted
which determines the pixel size in these images. sideways in the transverse plane. Obviously, for transversely

polarized nucleons the axial symmetry of the problem is bro-

II. GPDs WITH HELICITY FLIP

In order to develop a probabilistic interpretation for 2The helicity labels], | in Egs.(2.1) and(2.2) refer to helicity
E(x,01), it is necessary to consider helicity flip amplitudes states in the IMF2].
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ken and the impact parameter dependent PDFs no longer 1
need to be axially symmetric. The direction of the distortion = mj dxEy(x,0,00=
is perpendicular to both the spin and the momentum of the

nucleon” Although the distortion is mathematically de- \yhere we used that the integral Bf, yields the Pauli form
scribed by Eq.(2.4) in a model-independent way, it is in- factor F,q for flavor q [8]. For u and d quarks, F5q(0)
structive to consider a semi-classical picture for the effecqu/p in'the proton is of the order dfcg,|~1-2 (for a

where the physical origin of this distortion results from a . . ! .
superpositi(?n )(/)f transla%ory and orbital motion of the partonjﬂOre detailed estimate see Appendix Ae. the resulting
when the nucleon is polarized perpendicular to its directio ransverse flavor dipole moments are on the order of

of motion. If the spin of the nucleon is “uptlooking into Y 1

the direction of motion of the nuclepmand the orbital angu- dq 0.1-0.2 fm. 27

lar momentum of the quarks is parallel to the nucleon spinp, fact, using only isospin symmetry, one finds for a trans-
then the orbital motion adds to the momentum on the righ‘{/ersely polarized protopAd)

side of the nucleon and subtracts on the left side, i.e. partons
on the right side get boosted to larger momentum fractions
and on the left they get decelerated to smatlerompared to d)—d¥=
longitudinally polarized nucleonsSince parton distributions
decrease withx (at large momenta they drop like a power of
x and at smallx they grow like an inverse power of),

F2,q(0)
2M

(2.6

Ku/p_ K

d/pN
o =04 fm, (2.9

i.e. the flavor center fou and d quarks gets separated in

opposite directions to the point where the separation is of the

boosting all partons on one side of the nucleon results in aQome order as the expected size of the valence quark
increase of the number of partons at a fixed valug arfi that distribution®

side, while the opposite effect occurs on the other S'de'_ In order to illustrate the magnitude of the distortion

Therefore, the acceleration/deceleration due to the superpo hicall K imol del f q d
sition of the orbital with the translatory motion results in an 9raPhically, we make a simple model for the dependence

increase of partons on the right and a decrease on the left, i af GPDs[4]

the net result is that the parton distribution in the transverse " — A2 (1-x)In(1k)

plane has been shifted or distorted to the right. Of course, for Hq(X,0,—AT) =q(x)e ™ . (2.9
quarks with orbital angular momentum antiparallel to the__ . . :
nucleon spin the direction of the distortion is revergedthe 1 hiS @nsaiz incorporates both the expected largehavior
left). In Ref.[8] it has been shown that the helicity flip GPD (Hq Should become-independent as— 1) and the smalk
E is related to the angular momentum Carried by the quarkbehaV|0r(Regge behaV|Or Furthermore, in the forward limit
This result, together with the above semiclassical descriptiofd. =0), Hq reduces to the unpolarized PRfx). In im-
about the physical origin of the distortion, provides an intui-pact parameter space this ansatz implies

tive explanation for the fact that this distortion is described

by E. b2 _ 1 _ bi
It should be emphasized that transverse asymmetries inq(x’ 1)=a(x) 1 &P 1
impact parameter dependent PDFs are consistent with time- 4ma(l-x)In 4a(1-x)In

reversal invariance sinclé-(ﬁx §) is invariant underT. In
pvaaliLe _ _ (2.10

contrast,k- (pxS) is not invariant underT, and therefore L
transverse asymmetries in unintegrated parton densitidsor the helicity flip distribution€£, we assume that tha,
q(x,k,) are only permitted if final state interaction effects dependence is the same as fog and we fix the overall
are incorporated into the definition of unintegrated partonnormalization by demanding that the integral B§(x,0,0)
densitieq9]. yields the anomalous magnetic moments

Unfortunately, little is known about generalized parton
distributions and it is therefore in general difficult to make
predictions without making model assumptions. However, it
is possible to make a model independent statement about the
resulting transverse flavor dipole moment Eq(X,0t) = kgHy(x,01). (2.11)

1
E,(x,0t)= > kyH(x,01)

We should emphasize that this is not intended to be a realis-
tic model and we only use it to illustrate the typical size of
effects that one might anticipate.
1 J Th i ton distributions in impact t
=— | dx| d%,b,——&,(x,b,) e resulting parton distributions in impact parameter
2M Yob, space foru andd quarks are shown in Figs. 1 and 2 respec-
tively. Note that PDFs as well as GPDs decrease significantly

dgsf dxf d?b, gx(x,b, )by

1
— 2
=50 de db, &(x,b,)
“It should be emphasized that the transverse center of momentum
of the whole nucleon does not shift sin& . ofdxxE(x,0,0)
3Note thatSx p transforms like a position space vectounderP =0 if one sums over the contributions from all flavors as well as
andT transformations. from the glue[10].
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FIG. 1. u quark distribution in the transverse plane for 0.1, FIG. 2. Same as Fig. 1, but farquarks.

0.3, and 0.52.10. Left column:u(x,b,), i.e. theu quark distri-

bution for unpolarized protons; right columny(x,b, ), i.e., the lead to a transverse asymmetry of produced pions. Other

unpolarizedu quark distribution for “transversely polarized” pro- examples are flavor exchange reactions, and for given trans-

tons|X)=|1)+]||). The distributions are normalized to the central verse polarization the added quarks might be picked up pre-

(undistorted value u(x,0, ). dominantly one on particular side of the hadron, suggesting a
transverse asymmetry of the hadron production relative to

from x=0.1 tox=0.5. In order to be able to plot the impact the nucleon spin. In the next section, we will present a

parameter dependence we normalized the distributions fasimple model for these final state interactions, which to-

each value ok and bothu andd quark distributions to the  gether with the transverse asymmetries in the position space

value of the longitudinally polarized distribution bt =0. distribution of partons leads to predictions for the signs of

The “tomographic slices,” i.e. the impact parameter de-the transverse asymmetries in various hadron production re-
pendences for a few fixed valuesygfthat are shown in Figs. actions.

1 and 2 clearly demonstrate what should have been clear
already from our model-independent result above Bd):
at larger values ok, the u and d quark distributions in a
transversely polarized proton are shifted to opposite sides Many semi-inclusive hadron production experiments
and the magnitude of the distortion is such that there is &how surprisingly large transverse polarizations or asymme-
significant lack of overlap between the two. Other models fortries[12]. Moreover, the signs of these polarizations are usu-
E(x,01t) [11] yield very similar results since the overall mag- ally not dependent on the energy. This very stable polariza-
nitude of the effect is constrained by the model independertion pattern suggests that there is a simple mechanism that
relation Eq.(2.6). underlies these polarization effects. In the following, an at-
Such a large separation between quarks of different flavotempt is made to link the large transverse distortions of par-
which is both perpendicular to the momentum and spin oton distributions in impact parameter space for transversely
the proton, must have some observable effects. For examplpolarized nucleongbaryons with these transverse single
in semi-inclusive photo-production of pions off transverselyspin asymmetries.
polarized nucleons, the quarks are knocked out predomi-  We will make the following model assumptions for flavor
nantly on one side of the nucleon. Therefore the final statéransitions in high energy scattering events: In a flavor
interaction will be different for pions produced going to the changing process, as many quarks as posgiigecafter re-
right compared to those going to the left, which in turn mayferred to as “spectatorg”originate from the impacting had-

Ill. SINGLE TRANSVERSE SPIN ASYMMETRIES
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ron. Any additional quarks are produced from the breaking
of a string that connects the spectators with the target right
after the impact. Since this string exerts an attractive force on
the “spectators” before it breaks, this picture suggests that
the transverse momentum of the final state hadron will point
in the direction given by the side on which the additional
quarks were produced.

Note that this model implicitly focuses on more peripheral
scattering events for describing the signs of baryon polariza-
tions at largexg . Although these may not be the only pos-
sible events, we expect that central collisions are less likely
to produce the observed pattern of large and only weakly
energy dependent polarizations. This is supported for ex-
ample by the observation that the polarization of the pro-
ducedA hyperons is particularly large in diffractive produc-
tion [13].

These simple model assumptions, together with the trans-
verse distortion of quarks in transversely polarized hadrons,
provide an intuitive explanation for the large observed trans-
verse polarization in inclusive hyperon production as we will
demonstrate in the following. For this purpose, let us con-
sider for example a that is produced moving to the left of
the incident proton beam.

Using our model assumptions above, this implies that the A
s quark was produced on the left side of the Since g,
>0, such a state with as-quark produced on the left side —
has a much better overlap withAathat has spin dowfwhen p
one looks into the beam directipmather than spin ugsee p
Figs. 3 and 4

Therefore, for a\ that has been deflected to the left one |G, 3. Inclusivep— Y scattering where the incoming (from
would expect a polarization that points downward. Follow-potton diffractively hits the right side of the target and is therefore,
ing the usual convention, where the polarization direction isaccording to the model assumptions, deflected to the left during the
defined with respect to the normal vector= f)beam reaction. Thess pair is assumed to be produced roughly in the

X Prinal /| Poeam™ Prinail, the A should have negative polar- Overlap region, i.e. on the left “side” of th¥.

ization, which is also what is observed experimentgllg]. ) o i .
Likewise, sincexys <0 andxg=>0 (Appendix, one would For neutron production the spin in the final state is not
expect that® and Z hyperons are produced with polariza- S€lf-analyzing. However, our model also predicts interesting
tions “up” and “down” respectively when one starts from an @Symmetries with respect to the spin of the initial state.

incident proton beam and the hyperon is produced to the left /N order to be converted into a neutron, the proton must
of the beam. strip off one of itsu quarks. A proton that is polarized

If the incident beam consists f or 3, hyperons, then the “down” has its u quarks shifted to the left of its center of
polarization of produce& hyperons is of course the same asMomentum, i.e. it can strip off aquark more easily when it
in the case of incident nucleons since it is still oslyuarks ~ Passes the target on the right and, at least within our model,
that need to be substituted. However, the situation changes if
one considers\—3 and > — A production reactions, be- a) b)
cause there it is & or d quark that needs to be substituted. If
we now use thatc, , = kg4 <0 and for examplec,s>0,
one finds that the sign of the polarization Af> produced @ @
from a 2/A beam is reversed compared to the respective
polarizations that arise when one starts from a nucleon beam
(Fig. 5. However, we should emphasize that, | is only
abqut half as large ag/, gnd therefore the transyersg dis- FIG. 4. Schematic view of the transverse distortion of the
tortion of theu/d quarks in a transversely polarizet is  q,ark distribution(in gray scalgin the transverse plane for a trans-

expected to be smaller than the one of tiguarks. We  yersely polarized hyperon witk!>0. The view is(from the rest
therefore expect that the polarization/dfproduced from an  frame into the direction of motiorfi.e. momentum into plandor a

incidentX. beam is not only reversed but also significantly hyperon that moves with a large momentum. In the case of spin
smaller in magnitude than those produced from a protoriown (a), the s-quarks get distorted toward the left, while the dis-
beam. tortion is to the right for the case of spin up).

3
>~<l
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FIG. 6. Beam and target spin asymmetriesges n/mesonand
semi-inclusivey— mesonrespectively.

This is most likely to happen if tha quarks are on the “far
side” of the interaction zone. This favors protons with spin
up when the proton passes the target on the right and spin
down when it passes on the left side of the target. If we
assume again that the final state interaction that leads to
string breaking is attractiveuntil the string breaksthen pro-
O ? tons with spin up result inr* that are more likely deflected
Ei to the right, while protons with spin down are more likely
resulting in7* that are deflected to the left, i.e. we expect a

FIG. 5. Transverse polarizations of hyperons that are producef0Sitive analyzing power fOp_”T+ and the same fop
from an unpolarized beam and targeepresented by an empty — K. Fora we expect a negative analyzing power since
circle). According to the model assumptions, the final state hadrorihere the leading quark is dquark, which would be more
is deflected in the direction given by the side on which the missindikely on the side opposite to thequarks for a transversely
quarks were producedd and ® represent hyperons with spin polarized nucleon and one expects a negative analyzing
pointing out of the plane and into the plane respectively. power. Fop— 72, 7° the leading quark could be bottor d,

but since valence quarks outnumber the quarks in a pro-
will be more likely to result in a neutron that is deflected toton, one expects that the net analyzing power is again posi-
the left(Fig. 6). In summary, we therefore expect neutrons totive, but smaller than forr™. These results seem to be con-
be more likely to be produced to the left of the beam if thesistent with the pattern that is observed experimen{dls}.
proton spin is downward and to the right if its spin is up-  In order to understand target spin asymmetries, it is useful
ward, corresponding to a negative analyzing power. This reto analyze the process in the c.m. frame where the projectile
sult agrees with a recent measurement at RHI4. and the target have initially opposite momenta. As an ex-

We should emphasize that similar reasoning for inclusiveample, let us consider the target spin asymmetry in semi-
hyperon production also implies a spin asymmetry with re-inclusive electro-production of pions on a transversely polar-
spect to the incident proton spin. If we define again a posiized proton targetFig. 7).
tive analyzing poweAy if protons with spin up give rise to For a target polarization that is into the plane, and apply-
a final state hadron that is deflected to the left, thepA  ing the results from Sec. Il, the quark distribution in the
should also havéy<<0 since there one also needs to substi-c.m. frame is shifted down, while theéquark distribution is
tute au quark in the proton. The situation is similar fpr  shifted up. Semi-inclusive photo-production of mesons with
— =", where bothu quarks need to be substituted. In the a u valence quarke.g. =", 7% 7°,K") occurs dominantly
case ofp—2X", it is the d quark that is substituted and through photons that initially interact with @quark in the
thereforeAy>0. target, which later fragments into the meson. Applying again

The beam asymmetries in semi-inclusive meson produceur model assumption from above, i.e. using that the QCD
tion can be explained similarly. In order for a proton to con-string deflects thes quark toward the center, we conclude
vert into aw ", one of itsu quarks needs to “go through.” that the mesons with a valenceguark are produced prefer-

>
O
N® M\®
(1]

(1]
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a) . space. The fir_]gl state interaction of th_e outgoing quark con-
Dry verts the position space asymmetry into an asymmetry for

the transverse momentum of the final state hadron. The Siv-

NN\NN~ ® ers effect is complementary in that it starts already from an

asymmetry in the transverse momenta of the unintegrated

parton densities. Of course, singe(K,x p) is not a Lorentz
scalar under time-reversal, such an asymmetry in the uninte-
grated parton densities appears only if the final state interac-
tion is included into their definition via appropriate Wilson

b) 1= 1= lines[9], i.e. in a sense the final state interactions are already
§p'7 _§p7 d included in the definition of these unintegrated parton densi-
AN ties. From that point of view, these two approaches are

complementary attempts to explain single transverse spin
asymmetries, which both have in common that they rely on
final state interactions, although the technical details are very

FIG. 7. Photon hitting proton targefa) Laboratory frame(b) . . . .
c.m. frame. The polarization of the proton is into the plane. Accord-d'fferent and it remains to be seen whether the Sivers model

ing to the results from Sec. Il, thequarks(schematically indicated and this work describe the same physics but only from dif-

a1

by a dashed circleare shifted down. ferent angles or whether they actually describe different
physical mechanisms.
entially in the up directior{Fig. 6) within this model, i.e. to The pattern of signs that we predict resembles very much

the left if one looks into the direction of the photon momen-that of other semi-classical models. This should not come as

tum and the spin of the proton is down. For mesons withouf Surprise since the orbital angular momentum of quarks
valenceu quarks, such as the~, there are two competing Plays an important role in many of these models. In our
effects: when the photon hits tiiequark first then our argu- model the connection with quark orbital angular momentum
mentation above would favorr deflected in the direction apPpears because the same GPD that describes the transverse
opposite tor*, since thed quarks are, for a given polariza- dlstort|0r12 of PDFs in impact parameter spapeamely

tion of the proton, shifted in the direction opposite to the Eq(X,0A7)] also appears in a sum-rule for the angular mo-
quarks. However, the contribution from “disfavored” frag- mentum carried by the quark8]. Nevertheless there are few
mentationu— 7~ is enhanced due to the fact that the photondifferences to these models. For example, in a model where
is much more likely to hit au than ad quark in the proton the interaction is assumed to happen at the front of the had-

and therefore the resulting asymmetry is not immediatelyon, the left-right asymmetries are generated by the trans-
obvious. verse momentum of quarks with orbital angular momentum

at the front sidg¢19]. Such a model would in general predict
exactly the same polarization/asymmetry pattern as our
model, with the exception of reactions where the incoming
Our model for generating the polarizations and spin asymprojectile is a photon. In that case the absorption is weak and
metries is much too crude to make detailed quantitative preit is not legitimate to argue that the interaction of the photon
dictions about the size of the effects. However, the modeWith the target should be a surface effect. Therefore, models
matches the observed signs and provides a natural explanahere the polarization results as a combination between the
tion for the fact that the observed effects are very large. Wenitial state interaction and the quark orbital angular momen-
not only obtain a unified description for polarization andtum would only predict a very small transverse single spin
single spin asymmetry experiments but at the same time desymmetry in semi-inclusive photo-production experiments.
velop a link between these spin observables and parton ditgr our model, the impact parameter space asymmetry is
tributions in impact parameter space. translated into a momentum asymmetry of the outgoing had-
There have been a number of models attempting to exron as a result of the final state interaction and therefore the
plain polarizations observed in hyperon production experiexpected asymmetries in semi-inclusive photo-production
ments and it would be beyond the intended scope of thiexperiments are of the same order of magnitude as in hadro-
article to provide a detailed comparison with all of thebyt ~ production experiments.
we would still like to point out a few similarities and differ- Like in Ref.[18], the physical mechanism that eventually
ences. leads to polarization/asymmetries in our model is the final
It is interesting to compare our attempt to link asymme-state interaction of the fragmenting quégk It would be
tries of parton distributions in impact parameter space withinteresting to see if the similarity between these two mecha-
single spin asymmetries with attempts to link asymmetries ohisms goes beyond this simple observation.
unintegrated parton densities with the single spin asymme- It is conceivable that studying spin transfers, i.e. the cor-
tries[17]. The main difference between these two approacherelation Dy between the transverse polarization of the pro-
is that we start from a transverse asymmetry in positiorduced baryon and the transverse polarization of the beam,
leads to further insights about the mechanism for transverse
polarizations because it may help to differentiate between
5A nice recent review on the subject can be found in [RES). various models. In our model a correlation between the spins

IV. DISCUSSION
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of the initial and final baryon arises because the transversion of transversely polarized baryons favors certain final po-
distortion of impact parameter dependent PDFs in translarization states and therefore leads to transversely polarized
versely polarized hadrons leads to both polarizations as weblaryons in the final state. We argue that the large transverse
as transverse single spin asymmetries. The correlation béwyperon polarization at high energies that is observed in
tween the initial and final state transverse spin is such thahese experiments is naturally explained due to the fact that
the removed valence quark should be on the same side of thke transverse flavor dipole moment of transversely polarized
initial state baryon as the substituted valence quark in théaryons in the infinite momentum frame is also very large. A
final state baryon. Therefore the signdfy is determined similar mechanism is used to explain the asymmetry in semi-
by the sign of the product of the, for the valence quark that inclusive meson production using either a transversely polar-
stripped off and the quark that is substituted for it. For ex-ized proton beam or incident virtual photons hitting a trans-
ample, in thep— A transition, au quark needs to be substi- versely polarized target.

tuted by ans quark. Sincexj,pKS,A>0 we would expect a

positive spin transfer in this case. ACKNOWLEDGMENTS
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mentum transfer can be related to the distribution of partons
in the transverse plane. When the nucleon is polarized in the
transverse directiolfe.g. transverse with respect to its mo-

mentum in the infinite momentum framehen the distribu- We use a notation, wherEY® denotes the Pauli form

tion of partons in the transverse plane is no longer axiallytacior F, defined as the matrix element of a vector current
symmetric. The direction of the transverse distortion is PET- it flavor a. i.e. v between stat f the barven It i
pendicular to both the spin and the momentum of the avorg, 1.€.gy~q between states ot Ine baryan 1 1S
nucleon. Classically the effect can be understood as a Superlgglated_to the usual electromagnetic form factor for the bary-
position of the translatory motion of the partons along thePns Using
momentum of the nucleon with the orbital angular motion of 2 1 1
partons in the nucleon. The sign and magnitude of the dis-  F5(Q?)= §FS/B(Q2)— EFQ’B(Qz)—§F§’B(Q2).
tortion of (unpolarizedl PDF in impact parameter space can

be expressed in terms of the helicity-flip generalized parton (AD)

distribution Eq(x,0,— A?). Since [dxE, can be related to For the transverse flavor dipole moments, we need to know
the Pauli form factoF, 4 for flavor g, one can thus relate the the anomalous magnetic moment contributions for each
resulting transverse flavor dipole moment of the distortecyuark flavor and each baryon
parton distributions to the anomalous flavor-magnetic mo-
ment kg, in the proton. We are thus able to link the trans- Kq,BEFg’B(O). (A2)
verse distortion of partons to the magnetic properties of the
nucleon which leads to a model-independent prediction foExperimentally, little is known beyond the electro-magnetic
the resulting transverse flavor dipole moments that are on thinear combinatior ;e,«qg for a few baryons. For our pur-
order of 0.1+0.2 fm. poses, namely explaining the signs of various asymmetries, it
Such a large transverse dipole polarization for quarks ovill be sufficient to know the sign and order of magnitude of
different flavor should also have observable effects in semithe «q. Therefore, we will useSU(3)-flavor symmetry
inclusive hadron production experiments. We introduced avhich should be sufficient for an accuracy of a couple of
simple model to translate the transverse asymmetry of th&0% to estimate th&. The only input that we use is the
parton distributions in impact parameter space into transanomalous magnetic moments of the proton and neutron
verse asymmetries of the produced hadrons. The basic idea
of the model is that the leading quésk® before they frag-
ment into the observed hadron, experience an attractive force
from the QCD string before the string breaks. This attractive
force between the produced outgoing hadron and the target a2 1 1
remnant leads to the left-right asymmetry in the observed K'=3 Kun~ 3 Kain~ 3 Ksn= —1.91 (A3)
hadron distributions.
We use this model to explain or predict a number ofand we will assume thats,p~0.7 Using isospin symmetry,
baryon— baryoni experiments, where the transverse distor-this implies

APPENDIX: SU(3) ANALYSIS OF BARYON
MAGNETIC MOMENTS

2 1
Kp:§Ku/p— §Kd/p_ §KS/p:1'79

8In photo-production experiments, the “leading quark” in the ’Although Kgp IS NOt known very accurately, it is nevertheless
model is simply the struck quark, while in hadro-production experi-clear that its numerical value is significantly smaller thap, and
ments the “leading quarks” are spectator quarks from the incident«y,, and it should therefore be justified to neglect its contribution
hadron. for the kind of estimate that we are interested in.
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Kup=2Kpt+ Knt Kkgp~1.67

Kd/p:2Kn+ Kp+ Ks/p%_2'03' (A4)

If one assumeSU(3) symmetry, then the flavor magnetic

moments for baryons of typgab are trivially related to the

ones in the proton, Using,g= Ky/p, Kp/= Kd/p, and kg

= Kg/p,» Which implies for example
Kg/s = Kd/p~ —2.03
KS/E:Ku/p~1-67- (AS)

The A is less trivial, but a straightforwar8U(3) analysis
yields

PHYSICAL REVIEW B6, 114005 (2002

2 1

KsIA =3 Kup™ §Kd/p+ §Ks,p~1.79. (AB)

For flavor changing transitions among hyperons, we also
need theu/d moments

Kyrs+= Ku/pw 1.67

1

Ku/A:Kd/A:gKu/p-i- §Kd/p+ Ks/p~—0.98. (A?)
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