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* The double-parton interaction in contrast to the single-parton
interaction

- Motivation
—> Correlators | Generalization from single to double

* New double-parton Soffer bounds ( positivity constraints )

= Review on single-parton Soffer bounds
—> Derivation of double-parton Soffer bounds
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Motivation

° Proton-proton scattering and 10 ?SPS‘ pp—)CE)‘( vs‘. DPSpp‘—>céc6X§
optical theorem e
a F———GJRO8LO “ 4
\.E/ 10:ifffhffMSTWOSLO ;
* Double Parton Scattering ( DPS) I ErEEsie
at v/s = 10°GeV becomes more 2 .
prominent c y)<80
107 o i Oy = 15 mb—
. >4 W2 =nz =M
—> typical scale at LHC oS o ggoes
1002 10° 10*
s (GeV)
Total LO cross section for pp — ccX for single
hard hard parton scattering ( SPS ) and double parton
scattering ( DPS)
m out [ tuszczak, Maciuta, Szczurek | 2012 ]
Pin Dout

soft (unknown)

Soft part of the proton-proton scattering after the optical theorem
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Single-Parton Correlator

» Single-parton correlator | proton-proton scattering

d%.,

ixz"pT_—il,z ’ Noualh (2 S

1 [dz—
[T] _
r. k| . A) = —
-faﬁ( T ) 2/ 2

- Longitudinal momentum fraction = =%/t

—> Relative transverse momentum k, =£4, —zp.

= Proton momentum transfer A=p —p
-> Expansion in large p™ Le{yt,ot, 0%, y+%}
. ) i ) TMFF TMC
e Different reductions lead to different functions (ki,A) (ky)

e.g. [Lorcé, Pasquini, Vanderhaeghen | 2011]

/d:c /dsz_ A =0 (x, ko /A)
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Double-Parton Correlator

f[I‘le]

* Double-parton correlator f, 5.5 (1,22, ki1, ka1, X, E1,& A1)

* New: momentum transfer between active partons
_’]."

| 23— (X, EL1) |
) ()
— —

F F
Z1 —>(.’B1,k1J_) 22—>(Q’32,k2J_)

* Symmetry under the exchange of the active partons

I —
f([),glay;](mla o, kii1,ko1, X, 21,E&, AJ_)

ST’ —
,E(gzagl](w% r1,koy, ki1, —x, —E1,§, Al)

* Double PDFs: fc[x%f;](an, T2)
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Single-Parton Soffer Bound

* Three independent Single PDFs
fi@) =@ gl@=f1"e)  hie) =1 (5@ + £ @)

* Rewrite PDFs with helicity amplitudes |X, A)
- positive semi-definite matrix |+, +), [+, =), |—+), [— —)

h

fi + g 0 0 2h]
g1t 0 ff—gf 0 0
4 0 0 fi — g 0
2h 0 0 fi+ g

* Constraints on PDFs = “Soffer bound”

fi(x) =20
fi(x) = |gi(x)]
2|hi(z)| < fi(z) + g1 ()

Graphical representation of the
Soffer bound for f(z) =1

Double PDFs and new positivity constraints | Markus Thirmann | Munich | 18t March 2013 6



Content — Double-Parton — Positivity Constraints — Summary
Single-Parton Soffer Bound — Double-Parton Bounds

Double-Parton Bounds |

* Seven ( almost ) independent Double PDFs
fa(x1, z2) = f[7+’7+](3315 x2) fZ(mla xr2) = fh+75’7+75](531a T2)

otl o+t ot2 o12
Jr2(x1,T2) = % (f[ ’ ](5131,332)+f[ ’ ](331»332))

o _ + ~+~5
g, (331,.’82) = fh S ](331 ch) g: '7+ <~ '7+A/5
o _ 4+, ot + o+2 i

hg(2y,w2) = § (F077 @, 22) + F00 N (@r,22))  Biat ot

* Rewrite DPDFs with helicity amplitudes
= 8 x 8 positive semi-definite matrix =2 use P
++,+)s =+ =) == ), [+= =)
%a Ij‘)‘fﬁa M’ l}"’fﬁ

o+ 92 +d5+fa 2hg 2h} 0
O .— 2hy Jf2 + 93 — 95 — fo 2 fr2 ) 0
2hy 2fr2 J2 — g3 +9g5 — fa 0

L 0 0 f2— 95 — g5 + fa
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Double-Parton Bounds Il

* Reduced 4 x 4 positive semi-definite matrix
H"I"v "‘) ’ |_+v _> ’ |__a +) ’ |+_a _>

fa+ 95 +95+ f2 2hg 2hf 0

099 .— 2h3 f2 + g5 _95 — f2 2 fro _ 0
2h§ 2fr2 f2 — 93 —|—95 — f2 0 _
L 0 0 fo—g3 —ds + fo

* “naive bounds” for DPDFs

f2(x1,22) > 0,
f2(x1,x2) 2 |95 (1, 22)| and f2(x1,x2) > |9§($13$2)|9
f2(z1,22) > | f2(z1, 22)]

@*-I—@*-I—@*-I—@*z ‘@*:I:@*:I:@*:I:@*‘

Graphical representation of the naive bounds for DPDFs
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Double-Parton Bounds lli

* Reduced 4 x 4 positive semi-definite matrix
H"I"v "‘) ’ |_+a _> ’ |__a +) ’ |+_a _>

fa+95+d5 + f2 2h3 _ 2hf; 0

O .— 2hy Jf2 + 93 — QE — f2 2fr2 3 0
2h§ 2fr2 Jf2 — 9% —|—95 — fa 0 )
L 0 0 f2— g5 —d5 + f2

* New bounds for double- and single-PDFs

4(fT2(3’31a$2))2 < (fz(fBla 332) — f2(w13$2))2 - (93(51’31, T2) — 95(331, 1132))2
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Double-Parton Bounds lli

* Reduced 4 x 4 positive semi-definite matrix
H"I"v "‘) ’ |_+v _> ’ |__a +) ’ |+_a _>

fa+95+4d5 + f2 2h3 2hf
T 2hg f2+95 —g5 — f2 2fra
2h} 2fr2 f2—9§+95—f2
0 0 0

* New bounds for double- and single-PDFs

0
0
0

i — 2 — b - i

4(fT2(3'3133’32))2 < (fz(th 332) — f2(w13$2))2 - (93(31’31, T2) — 95(5819 1132))2
4(hP (21, 22))? < (fa(@1, z2) + 9577 (21, 22))? — (fo(21, T2) + 95 (21, 22))?

 Remember: single-parton Soffer bound 2|hi(z)| < f{(z) + gi(x)
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Double-Parton Bounds lli

* Reduced 4 x 4 positive semi-definite matrix

— f2

H"I"v "‘)9 |_+3_>9 |__s+)v I‘l'_a_)
f2+gga+9§-|—f2 2hy
09 .— 2h3 Iz + g5 — 95
2h’ 2 fro
0 0

* New bounds for double- and single-PDFs

2h 0

2fr2 0

f2—9§x+gg—f2 0
0 F2 — 93 — g5 + fo

4(fT2(3713$2))2 < (fz(fBla 332) — f2($1s$2))2 - (93(3"31, T2) — 95(5819 1132))2
4(hP (21, 22))? < (fa(@1, z2) + 9577 (21, 22))? — (fo(21, T2) + 95 (21, 22))?

 Remember: single-parton Soffer bound 2|hi(z)| < f{(z) + gi(x)
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* Double-parton correlator

- New double-parton functions
- Relations between single-parton and double-parton functions

* New Soffer-like positivity constraints

= Reduction of the single-parton positivity constraints
—> Eventually smaller region for PDFs
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Light-Front Notations

e Other arrangement of variables | mixture of
known time and space coordinates
1
zt = E(:UO + x?) x) = (x1,x2)
e 17T chosen as light-front time
* New metric to raise and lower indices

01 0 0
pev ZE| 1000
00 -1 0
00 0 -1

Graphical representation of the front form

» Different scalar product

atb, = atb-"+a bt —a, b,

 Positivity for massive particles | no square roots

1
+ = 0 .3
_> e
. M?24p? v \/5(7 )
p = >0
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Lepage-Brodsky Spinors

* Lepage-Brodsky spinors | Dirac equation (m — p)u =0 (m + p)v =0
1

ulp, A) = (\/Eer)_E (‘/EPJF T Yom + ’YO’YJ_PJ_> X { iEB g i _ J_ri

0.0 = (VE) E (VEpt = sam o) x { X 2= 4

* Twist 2 ~-matrices

T, u(g,\)T'u(p,A) | v(g,A\)T'v(p,A) (g, —N)T'u(p,A) | 9(g,—A)Tv(p,A)

24/ ptqt 24/ ptqt 24/ ptqt 24/ptqt

~T 1 1 0 0
ot! 0 0 A —IA
o2 0 0 —1 —1
~ T3 A —A 0 0

 Forquarks: v =1, et 5 6!, 6172 = 02, yT4° > &3
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Relations between the Correlators

* Forward correlator reduction at 3Q level (A = 0)

_|_
N §fafegeace /dm2d2ku3f3;’;5](:n,mz,kbku,0, 0L) = SfEZa](wakL)
Ay s

e Constraints on longitudinal momentum

Hx — €l <z <1-—Lx+¢

SIx+ €& <x2<1—%|x—¢
O§$3<1

o Off-forward correlator reduction at 3Q level

1 1
x = (@2 - T5) — (z1 — 27)) ¢ = (@2 - z5) + (z1 — 1))
| l
|
1—=x ro A
- longitudinal x — —§ - transverse £1 — R

1—¢2 2
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Relation between Single- and Double-Bounds

e Possible reduction of single—partop constraints
> 4(h3)? < (f2495)° — (f2+95)° < (f2 4+ 95)° — (cf2)’

—
=)
\
\
-

Graphical representation how the double-parton bounds reduce the possible region at f3 (21, x2) =1
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