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nctions originates irom the need to extenc
description of the semi-inclusive hadronic processes in deep inelastic scattering
to include the initial state target fragmentation region. It could seem a natural

task, in fact, the one of a complete description of the final state entirely
in terms of the collinear and infrared logarithmic structure of QCD in its

perturbative phase. The formulation of the initial state dynamics to include
the rich complexity of the QCD-improved parton model with his quark and

I { gluon degrees of freedom was not considered. This fact appared even more

- — — —

to operate in DESY.

he dynamics of the target ragmentation naturally extends the pertur-
bative region of applicability of the QCD theory. It involves the description
of quantitively important processes which are softer than the hard current
fragmentation. It, therefore, deals with physics scales which are smaller and
at the limits of the perturbative region and, also for this reason, it constitutes
a complementary dynamics with respect to the current fragmentation. Both
target and current fragmentation have to be taken into account in order to
reproduce the entire final state without imposing unnatural cuts to separate
them.
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Let us at this point recall the idea and the motivations for the fracture
functions with the same words we used as taken from Ref.[5]: ”When one or
two hadrons are present in the initial state, collinear singularities cannot be
avoided. Asymptotic freedom, however, is still of much importance. Together
with general factorization theorems for collinear singularities(8], it allows to
justify the so-called QCD-improved parton model whereby experimental cross-
sections can be computed by convoluting some uncalculable, but process inde-
pendent, quantities with process-dependent, but calculable. elementary cross-

'sections. The best known case of this type is undoubtfully that of structure
functions, which can be measured in deep inelastic lepton-hadron collisions in

some kinematical regime and then used to compute either the same process or
a completely new hard reaction at a dlfforent scale. Besides this utilitaristlc

value. <trictiire fiinefinng Nr mMmanv veare an invalugple

SOUTC

and S.._.

larization state. Anothcr much studied set of uncalculable, universal functions
is that of so-called fragmentation functions, providing the probability that a
given hadron is produced (inclusively) in a jet initiated by a given parton. A
vpical use of ractorization resides nere 11 the possibIlIty Of COmputing Inul-
tihadron final states in jet physics, by convoluting the above [ragmentation
functions with the calculable perturbative jet evolution[9]. With the advent
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Semi Inclusive Deep Inelastic Scattering
Current Fragmentation

/ d_xd_zF b(a', Q) dij(z/2', /7, Q") D} (<, Q)
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Semi Inclusive Deep Inelastic Scattering
Target Fragmentation

L.Trentadue and G.Veneziano, Phys. Lett. B323 (1994) 201

Fracture Functions = gmentation & stru
7
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[ functions with the calculable perturbative jet evolution|[9]. With the advent
of the new powerful electron-proton collider HERA at DESY, more phase
space is becoming available together with a richer variety of channels. One
may thus wonder if the only QCD-inspired use of the machine should be the
refined measurements of structure and fragmentation functions together with
tests of their predictable evolution and factorization properties. There seems

to be some widespread consensus that this should not be the case and that, on
the contrary, the study of hadron structure can be extended at HERA in new
directions. Actually, already at hadronic colliders, there have been studies|7]
of quantities such as the Pomeron structure function, diffractive hard scat-
tering and the like, with stimulating outcomes. The aim of this paper is to
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give a proper framework in which to talk about these extensions of ”bread
and butter” QCD physics. We shall argue that, within perturbatlve QCD,
it is possible to introduce new uncalculable, but measurable and universal
functions, that we call "fracture” functions, which tell us about the structure
function of a given target hadron once it has fragmented (hence its name)
into another given final state hadron. Fracture functions (besides exhibiting
a mild, calculable Q* dependence) depend upon two hadronic and one par-
tonic label and on two momentum fractions, a Bjorken z and a Feynman z
variable M = M J (2, 2,Q?). One can also say that M measures the parton
distribution of the ob ject exchanged between the target and the final hadron,
without making a (possibly doubtful) model about what that object actuall
18, a single particle, a Regge trajectory, a multiparticle continuum, or else.
for ordinary structure functions, the importance of measuring such an object
will be twofold: i) it will teach us about the structure of hadronic systems
other than the usual targets, and ii) it can be used as input for computing
other hard semi-inclusive processes at other machines. such as some future
hadronic colliders. By a judicious choice of the final hadron and of its momen-
um, one will be able, for instance, to enrich the gluonic component of the
partonic flux and thus to enhance signal to background ratios for interesting
gluon-induced processes in hadron-hadron collisions”.
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Properties:

e Do not depend on the arbitrary choosen scale Q7 i.e.

0 J 2y _
TQOM( 2,Q%) =0

Both DJ'(z, Q%) and Fg(:c, (Q?) satisfy the usual Altarelli Parisi evolution

equations and ), fol dz » D}'(z,Q%) = 1 and Y, fol dz x F}(z,Q%) =1
with

(8)

| nlx, 2 , Q%) satisfies the momentum sum rule:

Z/ dzz]\I"h (z,2,Q%*) = (1-=2) F)(z,Q?)

accounting for the s-channel unitarity constraint.
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1 .
|) Fracture Functions satisfy unitarit Z/o dzz M} (2,2, p%) = (1 - z)
h

~Fg(1', 1?).

2) F racture Fu n Cti ons facto ri y4d <3 \M.Grazzini,L.Trentadue and G.Veneziano,Nucl.Phys.B519(1998)39¢
J.Collins, Phys.Rev.D57(1998)3051

) - Fracture Functions satisfy
Gribov-Lipatov-Altarelli-Parisi type evolution equations

b du

P! ()M w(/u, 2.1, Q)

T [
1—=
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% dw

— EJ(—aQZ Qo) h('w Z. Qo)
@, (Q?) < dk2 % du

(-2, Q% k?) PH(w)

Q2 u(l—u) *Fwu

k2) Fi(w, k).

w(l —u)’
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‘Two separate contributions can be isolated in the target cross-section|5]:

Otarget ™ / M, &; + / F, D} 6; . (3)

Correspondingly one can associate to the cross-section two terms i.e. otarget =
MNP 4+ MP. The first is a Non-Perturbative contribution and the second a
Perturbative one. They can be defined at a given scale Q3 by requiring that

MF M~* |52 —q2 =0. It is possible to obtain an evolution equation to determine the

fracture function M : h(a: z,Q?) at any other scale Q2. The evolution equation
has the form:

‘ J 2 2
dengz:c,sz,Q) as(Q)/ —P’ (w) M (& ,z,QQ)

$ Q@) [70wdupat) pp( Q7 B Q) )

27 (1l —u) — u)

being P’ (u) and P;7 "(u) the regularized and real Altarelli-Parisi vertices
respectively[9]. DI*(z,Q?) represents the fragmentation function of the parton
| into hadron h and F*(z,Q?) is the ordinary deep inelastic proton structure
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function. The evolution equation can be solved and the solution reads:

QS(Q'Z) /1 ? dw

w

M; ;. (2,2,Q%) = E"( , Q% Q) My p(w.2.Q5)

2 Q 2 » . ) , .
p (@) [ dk / g T Q2 k) PR () (5)
otz = u(l —u) wu

2w J@s

Dl( ) F;(wakz)

(1 —u)’
The first term describes the hadron distribution at a given arbitrary scale
Q3 evolving it to a scale Q* by means of the perturbative evolution function
E](%,Q% QF) which satisfies the equation[9)]:

2T U

2
Q5B @) = =) [y gy )

5 Q2

The second term describes the perturbative evolution from Q2 to Q% of the
active exchanged parton 7. The perturbatively generated partonic shower ac-
compaining the evolution of the parton ¢ contains an inclusive distribution
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for an additional parton [ which finally fragments into the hadron h. Fracture
functions do satisfy several properties/5]:

e Do not depend on the arbitrary choosen scale Q32 i.e.

o .
TQ(%M;,h(xaz,Qz) =0 (7)

e Both D}(z,Q?) and F}(z,Q?) satisfy the usual Altarelli Parisi evolution
equations and ), fol dz z D}z,Q%) =1 and }_, jbl dz z F)(z,Q%) =1

Z /0 duuPz.j(u) =0 (8)

with

A/I;’ . (z, 2z, Q?) satisfies the momentum sum rule:

accounting for the s-channel unitarity constraint.
e In terms of moments. by defining

1 1—z
/ dz z™ / dr z" 1\4;,h(cc, z,Q%) = anp,}f(Qz)
0 0
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Diffraction
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Applications: e (k) + A(P) > e~ (K) + A(P) + X

e According to the Ingelman-Schlein model,

Diffraction: [ G.Ingelman and P.Schlein, Phys.Lett. B152 (1985) 256. ]

the diffractive structure function F;“f (2, Q% is

| dfs (€ poap,t)
(@) = T [ a2 e 6.0 )

But

=MAA(£,u,z= 1 —xp)

/oo » df 5 (€ moxp,t)
0 dxpdt

¢ Analyzing F2D m(ﬁ i, zp), H1 collaboration at HERA
observed a possible Q* dependence of the diffractive
distributions
4
A logarithmic dependence on Q? is implicitely contained in

fracture functions!
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DESY 05-011
January 2005

Study of deep inelastic inclusive and
diffractive scattering with the ZEUS
forward plug calorimeter

ZEUS Collaboration

10 1S Ilat WItll /7, 1dlCating a 1€adlllg-twilst DEllaviour OI tl€ dalIIracCtlve Cross

section. The data are also presented in terms of the diffractive structure func-

tion, F;"® (8,,,, Q2), of the proton. For fixed §, the Q* dependence of z,, F ®

changes with z,, in violation of Regge factorisation. For fixed z ., H,FQD %) rises
as 3 — 0, the rise accelerating with increasing Q°. These positive scaling vio-
lations suggest substantial contributions of perturbative effects in the diffractive

DIS cross section.
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More recent data

H1 2006
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H1- 2006
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Fig. 14. As Fig.13 with 2, = 0.00L. From Ref.[38§]

Tuesday, October 19, 2010



Tuesday, October 19, 2010

3'* x,p 0,00 /0,

—_
o

N

L 1T1I]

1

T

L YIIYU[

L}

1

_
v
—_
-
—
—
-

T

UIYTITI T

1

I

® H1 Data
Fit (ag + ba In Q%)

x=5E-05
Pe0.017 (in8)

X«8E-08
£0.027 (W=T7)

x=0.00013
e 043 (Ieb)

x=0.0002
B=0.087 (i=5)

x=0.00032
Bw0.11 (ind)

Xx=0.0005
e, 17 (I=3)

x=0.0008
Be.27 (In2)

x=0.0013
P=0.43 (i=1)

x=0.002
5=0.67 (i=0)

1 1 lllllll 1 lllllll 1 1 1

2 a
10

10
Q’ [GeV?]

Fig. 15. As Fig.13 with =, = 0.003. From Ref. [38]




® H1 Data _
Fit (ag + by In Q)

x=5E 05
£~0.005 (i=11)

T 1 llllll

L

x=8E.05

. £=0.008 (I=10)

¢

_ x=0.00013
*- ‘-!.!,_ p=0.013 (1=9)

T 1 llilll

]

x=0.0002
+‘t!1" p=0.02 (1=8)

. 5ot o o x=0.00032

£=0.032 (1=7)

UL ‘llll

x=0,0005

i
T! ? 3 §=0.05 (1=6)

Xl 0008
p=0.08 (1=5)

]

* ’47*.

-
-
-
-
-
-
-
-

I

__”_’.4' '__,_ﬁ__ x=0.0013

£=0.13 (1=4)

x=0.002
p=0.2 (1=3)

L] IIIIIII

x=0.0032
p=0.32 (:=2)

]

x=0.005
£=0.5 (I=1)

T llllll]

x=0.008
p=0.8 (I=0)

]

Illll

lllllll 1 11

10
Q° [GeV?]

Tuesday, October 19, 2010



X, = 0.001

X=5E-05
f=0.05 (=6) ® H1 Data
—— Fit(ag + b,y In Q)
Xx=8E-05
£=0.08 (I=5)

¥=0.00013
“‘\1\5\& 5=0.13 (1=4)

e x=0,0002

—.—’—l—!—f—!— p=0.2 (I=3)

X=0,00032
(=032 (I=2)

X=0.0005

2o & 050k

»=0.0008
p=0.8 (1=0)

Q*[GeV]
Fig. 14. As Fig.13 with =, = 0.001. From Ref.|38]

Tuesday, October 19, 2010



Tuesday, October 19, 2010

® H1 Data
Fit (a, + l)H In Q%

x=SE-05
f=0.017 (i=8)

x=8E-05
B=0.027 (iw7)

x0.00013
£=0.043 (i=8)

x=0.0002
Pu0.067 (1=85)

x=0.00032
fe0.11 (i=d)

x=0.0008
Be0.17 (i=3)

x=0.0008
.27 (Iu2)

x=0.0013
Be0.43 (i=1)

x=0.002
B=0.67 (i=0)

L lllllll | 1 L

3

10
Q’ [GeV?]

Fig. 15. As Fig.13 with z, = 0.003. From Ref.[38§]




® H1 Data .
Fit (ag + by, In Q%)

x=5E 05
£=0.005 (k=11)

i

T 7T TTYTT]

1

x=8E 05
5=0.008 (1=10)

x=0.00013
p=0.013 (1=9)

LA | TTITT[

L)

=0 0002
=002 (I1=8)

x=0.00032
£=0.032 (¥=7)

L L TTTT]

x=0.0005
p=0.05 (1=6)

1]

! =0 000S

* * '—‘ e ! ' =008 (I-5)

—
-
o
-
—_
—_
-
-

__! PR - '1_!___ x=0.0013

$20.13 (I=4)

T

- - _ x=0.002
E—" $=0.2 (1=3)

T 177 1TTI"I

x=0.0032
p=0.32 (=2)

T

x=0.005
§=0.5 (I=1)

T 17 ITTTI

x=0.008
p=0.8 (I=0)

T

I1TT]’

lllllll 1 | -

10
Q* [GeV?]

Tuesday, October 19, 2010



Next-to-Leading Fracture Functions
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Published in Nucl.Phys.B673:357-384,200

Next to leading order evolution of SIDIS processes in the forward L'Ggiuuu

A Dal(‘ol' and I. Sassot?

'Laboratorio de Fisice Tedrica
Departamento de Fisica, Facultad de Chencias Ezactas
Unwersidad Nacronal de La Plata
C.C. 67 - 1900 La Plata, Argentina
. Departamento de Fisien, Universidad de Buenos Aires
Chudad Universitaria, Pab.1 (1428) Buenos Atres, Argentina

We compute the order o quark initiated corrections to semi-inclusive deep inelastic scattering
extending the approach developed recently for the gluon contributions. With these corrections we
complete the order a? QCD description of these processes, verifying explicitly the factorization of
collinear singularities. We also obtam the corresponding NLO evolution kernels, relevant for the
scale dependence of fracture functions. We compare the non-homogeneous evolution effects driven
by these kernels with those obtained at leading order accuracy and discuss their phenomenological
implications.

PACS numbers: 12.38.Bx, 13.835.N1
Keywords: Semi-Inclusive DIS: perturbative QCD; Fracture functions
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Transverse Momenta

F. Ceccopieri, L.T.,
Phys.Lett.B (2006)
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e QCD predicts the scale dependence of M :

=

O S M
dlog Q

(x,2, )= % [

' X
Rl;( uyM; ,/n .

1,hip 2 T

. )2 X/(x+2) A g
Sl ) prird i il‘l’oz)

X/(1-2z) 1

JIp

2V X x(1—ayz
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e Sources of transverse momentum in /+ P >/1+ h+ X :

k,
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e [ime-like TMD DGLAP evolution equation
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e Space-like TMD DGLAP evolution equatiot

Branching kinematics:
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e Fracture functions TMD evolution equation
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g doxf(x

doxf(x)eD(z)+M(x, z

H.

cf(x,k;)oD(z,p)+M(x,k;,z,p;)

do
dP,

Hadron

X ). Ma, F. Yuan Phys. Rev. D71, 034005
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Fracture Functions
zlgle
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Application of FF to polarized processes

The application of fracture functions to describe polarized processes has been
studied by De Florian, Garcia Canal, Sampayo and Sassot[50, 51]. The aim
is to extend to the target fragmentation region the description of polarized
processe. They discuss the factorization of the collinear singularities related
to the polarized processes, particularly those which are absorbed in the re-
definition of the spin dependent analogue of fracture functions'. In Ref.[50]

50. D. de Florian, C. A. Garcia Canal, R. Sassot: Nucl. Phys. B 470, 195 (19%)
51. D. de Florian, O. A. Sampayo, R. Sassot: Phys. Rev. D 66, 010001 (2002)

The potential relevance of the fracture functions to describe spin depen-
dent distributions has been advocated by Teryaev([42]. They may be applied
at fixed target energies and may also include interference and final state in-
teraction, providing a source for azimuthal asymmetries at HERMES and
polarization at NOMAD. Accordingly the work of Ref.[44] can be rephrased
in terms of fracture functions (see also [43|).

42. O. V. Teryaev: Acta Phys. Polon. B 33, 3749 (2002)

43. O. V. Teryaev: Phys. Part. Nucl. 35, 524 (2004)

44. S. J. Brodsky, D. S. Hwang, I. Schmidt: Phys. Lett. B 530, 99 (2002)
45. A. Kotzinian: Phys. Lett. B 552, 172 (2003)
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Fracture Functions : spin dependent

Spin-dependent. interference and T'—odd fragmentation and
fracture functions

O. V. TERYAEV.

Joint Institute for Nuclear Research, Dubna, 141980 Russia

=~
S
-
N

>

o
Z.

Fracture tunctions, originally suggested to describe the production ot
diffractive and leading hadrons in semi-inclusive DIS, may be also applied
at fixed target energies. They may also include mterference and final state
interaction, providing a source for azimuthal asymmetries at HERMES and
(especially) A polarization at NOMAD. The recent papers by Brodsky,
Hwang and Schmidt, and by Gluck and Reya, may be understood in terms
of fracture functions.

0211027 v2
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The Fractured Boer-Mulders Effect in the
Production of Polarized Baryons

Tuesday, October 19, 2010

Dennis Sivers

Abstract

The fractured Boer-Mulders functions, A" 2, @artp X Prvi 2 Pr .k,;0%), describe

an intriguing class of polarization effects for the production of baryons in the target
fragmentation region of deep-inelastic processes. These functions characterize transverse
momentum asymmetries related to the spin orientation for different flavors of axial-

vector diquarks, {(11- .q j} T, in an unpolarized ensemble of protons just as the familiar

Boer-Mulders functions characterize transverse momentum asymmetries connected to the
spin orientation of quarks in unpolarized targets. The asymmetries in p,,, of the

fractured Boer-Mulders effect originating in the proton distribution function can be
separated kinematically, both in SIDIS and in the Drell-Yan process, from the

asymumetries in k;, of the polarizing fracture functions, A" M, P pr ik 07,

generated during the soft color rearrangement of the fragmentation process. The
experimental requirements for this separation are presented in this article and it 1s shown
that the fractured Boer-Mulders effect should change sign between Drell-Yan and SIDIS
while the polarizing fracture functions remain the same. Simple 1sospin arguments
indicate the two polarization mechanisms should give significantly different results for
the production of polarized A ’s and X ’s.

PPI 0912
Draft 10/26/09



Lambda production
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CERN-TH/95-135
hep-ph /9506280

THE PROTON SPIN PUZZLE AND
A POLARIZATION IN DEEP-INELASTIC SCATTERING

John Ellis*', Dmitri Kharzeev*** and Aram Kotzinian~*’
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CERN-TH/96-261
1eprph /9610362

Next to Leading Order QCD Corrections
to Polarized A Production in DIS

D. de Florianf]

Theoretical Physics Division, CERN, CH 1211 Geneva 23, Switzerland
e-mail: Daniel.de.Florian@cern.ch

R. Sassot

Departamento de Fisica, Universidad de Buenos Aires
Ciudad Universitaria, Pab.1 (1428) Bs.As., Argentina
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A bstract

We calculate next to leading order QCD corrections to semi-inclusive polarized
deep inelastic scattering and e*e™ annihilation cross sections for processes where
the polarization of the identified final-state hadron can also be determined. Using
dimensional regularization and the HVBM prescription for the 45 matrix, we com-
pute corrections for different spin-dependent observables, both in the M S and m
factorization schemes, and analyse their structure. In addition to the well known
corrections to polarized parton distributions, we also present those for final-state

arX1v:hep-ph/9610

polarized fracture functions and polarized fragmentation functions, in a consistent

factorization scheme.
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3. Semi-Inclusive Deep Inelastic Scattering

With the definition for polarized fragmentation functions given in the
previous section, eq. (14), we are now able to compute the NLO corrections
for semi-inclusive DIS in the case in which the final-state hadron is polarized.
NLO contributions for processes with unpolarized final-state hadrons (with
either polarized or unpolarized initial states) have been computed in refs.
[1d] and [H], respectively, so we refer the reader to these for most of the
definitions and conventions.

Using the usual kinematical DIS variables for the interaction between a
lepton of momentum [ and helicity A; and a nucleon A of momentum P and
helicity A4

Q? = —¢? and Sy = (P + l)Q, (17)

the differential cross section for the production of a hadron A with energy
En = 2 E4(1 — z) and helicity A, (with n partons in the final state) can be
written as

doMA AR

. du a? 1
(n)
dx dy dz / 2. 2 /dPS Spx e*(2m)%

n j=4.9.9

47
!}M( gv)+ YL
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Lambda production
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
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a) m*, K*, p and A
b) m=, K, p and A
c) K- and (K°+R?)/2

b)
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Feynman x distributons normalized to the number of scattered
muons (N ) for positive and negative hadrons

The curves represent the predictions of the Lund model

c)
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Fig. 3

Ratio of pions, kaons and protons as a function of Feynman x
a) n*, K*, p normalized to n~, K*, p

b) n*, K*, p normalized to all positive hadrons

c) n=, K°, p normalized to all negatve hadrons

The curves represent the predictions of the Lund model
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... to conclude
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FractureFunctions are a well established QCD based
approach to semi inclusive processes
( a comprehensive Current+Target fragmentation )

QCD evolution known Diffraction ( well tested at HERA )
It appears they might be a useful framework to investigate Polarization

In all applications NLO and NNLO improvements possible and partly done

Lambda production is a potential application

FF are a potentially useful tool also for multiple hadron final states

Further studies will assess any potential
application of the FF idea
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Extension to multiple hadron

distributions
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Di-hadron Fracture Functions

du

o 2\ A~ [ 2
—’\[}:1.]22!’/}—,(“.3].-:2.(2 )oi(x/u, Q7).

U

4-\[.\'1711721_)(-1 . ,_,1. Z .

X=A.B.C.D
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