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Introduction

Motivation

Theoretically

® investigate the exclusive process p p — " 7 in
the QCD collinear factorization framework

® help to understand the interior of hadrons in
terms of the fundamental degrees of freedom of
QCD

Experimentally
® can be measured by PANDA at FAIR

® cross section measurement = test of QCD
factorization and access to TDAs
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Introduction

The General Setting

QCD

high energy/short distance low energy/long distance
ASYMPTOTIC
FREEDOM CONFINEMENT
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Introduction

The General Setting

(non-pertubative objects!)

[ ]
high energy/short distance : low energy/long distance

]
]
[ ]
1
ASYMPTOTIC 1

' CONFINEMENT
FREEDOM .

hard part . soft part
[ ]
pQCD 1 hadronic matrix elements

1
]

a welcome feature of QCD: FACTORIZATION

(for specific processes in specific kinematics)

divide process into: hard part and soft part (at the amplitude level)

First results of exclusive p and p annihilation into a pion pair at large scattering angles



Reaction Mechanism of p p — at o~

Kinematics in a Nutshell
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0
0, °
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B _ A s P
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®* p:=5(p+p)
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Kinematics in a Nutshell
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Reaction Mechanism of p p — at o~

Double Handbag Contribution to p p — 7" 7~

Assumptions:

® proton can be considered as a quark-diquark system

® scalar diquark configurations are dominant
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Reaction Mechanism of p p — xt

Double Handbag Contribution to p p — 7" 7~

Assumptions:

® proton can be considered as a quark-diquark system

® scalar diquark configurations are dominant

DGLAP-Region:

p:a.v oft part Lgls)

T

S[ud]:k; \ hard part / d:ka. Az
S[udl:k, 7X / \N Tiky Ay
—7 ft part ~—
p: p, H. (encodes nosn?pertﬁr?ative dynamics) T[+ . p

hard scale: large scattering angles = large Mandelstam t and u, i.e.
t,u>1 GeV?
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Double Handbag Contribution to p p — 7" 7~

Assumptions:

® proton can be considered as a quark-diquark system

® scalar diquark configurations are dominant

ERBL-Region:
p:q,v soft part m:q

Y hardpart/d d:k5, A,

S[udl:k, d:ky, A,
—> soft part +\,
p: p, H. (encodes non-perturbative dynamics) m: p

hard scale: large scattering angles = large Mandelstam t and u, i.e.
t,u>1 GeV?
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Double Handbag Contribution to p p — 7" 7~

Assumptions:

® proton can be considered as a quark-diquark system

® scalar diquark configurations are dominant

ERBL-Region:

hard scale: large scattering angles = large Mandelstam t and u, i.e.
t,u>1 GeV?
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Reaction Mechanism of p p — at o~

Process Amplitude

My < /df /d.i" H (z,1') «==hard part

— — ixptzT = a z ud z

><p+/dz P (x| oyt (‘7) # <7> o8
=+ 1+ i pt2t oy — o Slud)t LAl T d _Z/+ — =,

X|p dz""e (7| ¢ 5 v -5 Yulp:gq,v)

5 /- 0.0
=) _ B0 (1) _ ki’+ks
== (K="= soft part
Assumptions on parton momenta: A ... hadronic scale A =~ 1 GeV

e for virtualities: k") < A’
intrinsi 02, () < p2
e for intrinsic transverse momenta: k;|“/x;"” <A

= partons are on-mass shell and move collinear to their parent hadron
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Reaction Mechanism of p p — at o~ Modeling

Process Amplitude

My X /d.f /df’ H(z,7')
_ ixptaT d Z ud Z
X p+/d2 e D < p| I,,-\+\I]1 ( 2 > ¢5[ 1] (7) ‘p : p/u>
I+ S+
/dZ/Jr iz’ pt <7T q| ¢S ud]t ( 5 ) \de <_7> T |p— . q,l/>

Assumptions on parton momenta: A ... hadronic scale A =~ 1 GeV
e for virtualities: k") < A’
e for intrinsic transverse momenta: kl.(i)Z/x,(') <A?

= partons are on-mass shell and move collinear to their parent hadron

V7" (v u) project out good-field components of W9 (W9)
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Introduction Reaction Mechanism of p p — Modeling

Modeling the DGLAP-Part: Overlap Formalism

extent formalism of LCWFs overlap developed in
[Diehl, Feldmann, Jakob and Kroll, Nucl.Phys. B596 (2001)]

= dz~ ixpTz— z -
jﬁ\zu = P+v(kz,)\2)'y+/§e 2 <7T+|\Ud (—7> ¢5[ d] ( > ‘P>
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Modeling the DGLAP-Part: Overlap Formalism

extent formalism of LCWFs overlap developed in
[Diehl, Feldmann, Jakob and Kroll, Nucl.Phys. B596 (2001)]

= dz~ ixpTz— z -
jﬁ\zu = P+v(kz,)\2)'y+/§e 2 <7T+|\Ud (—7> ¢5[ d] ( > ‘P>

valence Fock state expansion of proton- and 7' -state:
i ‘P : p~/"> & f ‘S[Ud] : )?P+7 l2J~> |u : (1 - ;()P+7 _Elvlj‘)

.. proton LCWF %,k ...hadron-in frame (p. = 0)
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Modeling the DGLAP-Part: Overlap Formalism

extent formalism of LCWFs overlap developed in
[Diehl, Feldmann, Jakob and Kroll, Nucl.Phys. B596 (2001)]

= dz~ ixpTz— z -
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.. proton LCWF %,k ...hadron-in frame (p. = 0)
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~

W,....pion LCWF %,k ...hadron-out frame (p’, = 0)
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Modeling the DGLAP-Part: Overlap Formalism

extent formalism of LCWFs overlap developed in
[Diehl, Feldmann, Jakob and Kroll, Nucl.Phys. B596 (2001)]

= dz~ ixpTz— z -
jﬁ\zu = P+v(kz7)\2)'y+/§e 2 <7T+|\Ud (—7> ¢5[ d] ( > ‘P>

valence Fock state expansion of proton- and 7' -state:
* ‘p: p*/l> O<f ‘S[Ud] :)?p+7l2l> |U: (1_;)p+7_ﬁlau>
.. proton LCWF %,k ...hadron-in frame (p. = 0)
o mhip) o [V (k k)Y, i gptkiA) Jus(1-R)pT, —ko, =)

~

W,....pion LCWF %,k ...hadron-out frame (p’, = 0)

S, 5_A2,M/dhw7 (&(;.g). L(RLM))
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Modeling the DGLAP-Part: Overlap Formalism

extent formalism of LCWFs overlap developed in
[Diehl, Feldmann, Jakob and Kroll, Nucl.Phys. B596 (2001)]

= dz~ ixpTz— z -
jﬁ\zu = P+v(kz7)\2)'y+/§e 2 <7T+|\Ud (—7> ¢5[ d] ( > ‘P>

valence Fock state expansion of proton- and 7' -state:
* ‘p: p*/l> O<f ‘S[Ud] :)?p+7l2l> |U: (1_;)p+7_ﬁlau>
.. proton LCWF %,k ...hadron-in frame (p. = 0)
o mhip) o [V (k k)Y, i gptkiA) Jus(1-R)pT, —ko, =)

~

W,....pion LCWF %,k ...hadron-out frame (p’, = 0)

S, 5_A2,M/dhw7 (&(;.g). L(RLM))

analogous for the p — 7~ -transition
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Modeling the DGLAP-Part: LCWFs

'%0)\221 x 6—>\2;H/dRJ-w7f (52()_(7 f),'A(J_(r(J_,)_(, 5))“’/’ (i(ivé)vl’il(ij_,)?, f))

First results of exclusive p and p annihilation into a pion pair at large scattering angles



Introduction Reaction Mechanism of p p — Modeling Summar

Modeling the DGLAP-Part: LCWFs

A, X 6y / dk W, (2(;, €), ko (ky, %, g))

[Kroll, Quadder and Schweiger,
Nucl.Phys.B 316 (1989)]

First results of exclusive p and p annihilation into a pion pair at large scattering angles



Introduction Reaction Mechanism of p p — Modeling Summar

Modeling the DGLAP-Part: LCWFs

%\isu x 6—>\2;H/dRJ-w7f (52()_(7 f),'A(J_(r(J_,)_(, 5))“’/’ (;(()_(75)7RJ_(EJ_,)_<, f))

, a’ ¢
\IJP = NpX exp |:7m ki_:|

[Kroll, Quadder and Schweiger,
Nucl.Phys.B 316 (1989)]

N, and a, chosen such that
e P,=05
[ (ki)P ~ 0.280 GeV

(= N, =61.8 GeV* a, = 1.1 GeV ™)
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Modeling the DGLAP-Part: LCWFs

5, o 6oa [ ALV (%02, K (k1. %.6)) ¥ (X(3.8), R (Ko, %,6))

2 2
~ ap 02 arn 02
— __ % K — N __ @9
VY, =N, X exp [ )"((1 — ;() J_} YV, = N exp { X1-%) ki}
[Kroll, Quadder and Schweiger, [Kroll and Jakob, Phys.Lett.B 315
Nucl.Phys.B 316 (1989)] (1993)]

N, and a, chosen such that
e P,=05
[ (ki)P ~ 0.280 GeV

(= N, =61.8 GeV* a, = 1.1 GeV ™)
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Introduction Reaction Mechanism of p p — Modeling

Modeling the DGLAP-Part: LCWFs

%\isu x 6—>\2;H/dRJ-w7f (52()_(7 f),'A(J_(r(J_,)_(, 5))“’/’ (;(()_(75)7RJ_(EJ_,)_<, f))

2 2
I dp L2 ar N2
= % K =N, 9
v, prexp[ 21 —%) J_:| (/. N“exp{ )?(1_)?)kl}
[Kroll, Quadder and Schweiger, [Kroll and Jakob, Phys.Lett.B 315
Nucl.Phys.B 316 (1989)] (1993)]
N, and a, chosen such that Ny and a. chosen such that
e P,=05 ° P, =0.132
o . /(k2) ~0.280 GeV ¢ fr =0.130 GeV
P
2 —
(= N, =618 GeV2 2, = 1.1 Gev—?) (= Nr =17 GeV* ax = 0.69 GeV
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Modeling

Hard Part-DGLAP

d:kz, A, H++ = H77 = O

STudl:k,
S[udl:k, Tka, H+,,= H7,+ = —4m C(ls<5) F.(s) sin@
A4,
- N C= #) ... color factor
Fi(s) ‘ Q5 ay ...strong coupling
o Q[“)» —S F, ...form factor
Q} = 3.22 GeV?
s > (25 kl ~p
ky ~ p'
N
Ky ~q
ky=~q

F. taken from Ref.
[Kroll, Pilsner, Schiirmann and Schweiger, Phys.Lett.B 316 (1993)]
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Modeling

Hard Part-DGLAP

d:kz, A, H++ = H77 = O

S[ud]:k;
Sludl:k, diky,A, H+’?: H77+ =—4nC (lh‘<s> llv*(\‘sl) sin 0
- Az Az C= #) ... color factor
() ‘ Q5 ;s ...strong coupling
o Q[“)» —S F, ...form factor
Q} = 3.22 GeV?
s > (jf, ki~ p
k’z ~7p
o) =all =1 = Iy P /dz/dz’H(z.f)éH/dz/dz’
1 ~
ky=~q

F. taken from Ref.
[Kroll, Pilsner, Schiirmann and Schweiger, Phys.Lett.B 316 (1993)]
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Modeling

Reaction Mechanism of p p

Introduction

Summa

Summary Modeling (DGLAP)

Sfud] d .
S[ud]> ia Feynman Dlagram

///,“,ocH/er‘ /da‘c’
5t [ dz~ izptaT LI +\I/(l _£ Slud] £ .
wpt [ g vyt () o () )
.y ’ N I+
X p+ /dzl+e1,.’l:11+,,+ <7I'_ . q/| d)S[u,d]T (%) \I/d (_%) Y u |]§ 1 q, Z/>

Overlap of LCWFs

. . \
00 01 02 03 04 05 06 07 08 05 1
%
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Results

Estimation of Differential Cross Section

s=5 GeV? s=10 GeV?
5| b 0.05|
4 1 0.04
gs ] Eo.oa
g g
.g 2| 1 .S 0.02]
1 1 0.01
0 E} 0.00|
1.05 1.20 1.35 1.50 1.65 1.80 1.95 2.10 1.05 1.20 1.35 1.50 1.65 1.80 1.95 2.10
6 [rad] 6 [rad]
s=8 GeV?
e CMSangle: T << 2t
015 e for s > 10 GeV? basically zero

do/dQ [nb]
°
)

o
o
]

0.00|
1.05 1.20 1.35 1.50 1.65 1.80 1.95 2.10

6 [rad]
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Results

Estimation for Integrated Cross Section

20 1

151 b

o [nb]
3

(1] . . " n n
5 6 7 8 9 10

s [GeV?]

® best measurable at small CMS energies
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Summary

Summary and Outlook

® presented you a “QCD inspired” model for p p — 7t 7~
® partonic subprocess treated by means of pQCD

® hadronic matrix elements modeled as an overlap of LCWFs

estimation for (unpolarized) differential and integrated cross section
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Summary and Outlook

® presented you a “QCD inspired” model for p p — 7t 7~
® partonic subprocess treated by means of pQCD
® hadronic matrix elements modeled as an overlap of LCWFs

® estimation for (unpolarized) differential and integrated cross section

® include ERBL-region
® use other LCWFs available on the market

® use other pQCD mechanism: Hard Scattering Approach (HSA)
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Summary and Outlook

® presented you a “QCD inspired” model for p p — 7t 7~
® partonic subprocess treated by means of pQCD
® hadronic matrix elements modeled as an overlap of LCWFs

® estimation for (unpolarized) differential and integrated cross section

® include ERBL-region
® use other LCWFs available on the market

® use other pQCD mechanism: Hard Scattering Approach (HSA)

Thank you very much for your attention!
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Summary

DGLAP-Region and ERBL-Region

dz™ st - z z
=+ = + ixp"z +iwd [ ; S[ud]
PV (k2 X2)y /?W e (v ( - )@ <*2 >\P>

\pd(bslud} U o byu +d f,"u
OH[U{/] x ag + b'i’
DGLAP ERBL
xX>§ x<§
d Lag d jz bl‘

fud] \( d:A,
Slud] d:n, S[ud]\=)': } -

+
P { } n p { higher Fock states

p=(S[ud],u) nt=(d,u) p=(S[ud],u) ) mt=(d,u,S[ud],S[ud])
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Summary

DGLAP-Region and ERBL-Region

C. -+ = dz™ ixptz— z  S[u z
%zsu = +v(k2,)\2)7+/§e P (mt v (*7)(95[ d] <7>\P>

\pd(bslud} U o byu +d f,"u
OH[U{/] x ag + b'i’
DGLAP ERBL
xX>§ x<§
d Lag d jz bl‘

fud] \( d:A,
Slud] d:h, S[ud1\=,: } -

+
P { } n p { higher Fock states

p=(S[ud],u) nt=(d,u) p=(S[ud],u) Y wt=(d,u,S[ud],5[ud])

analogous for p — 7 -transition
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