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Outline?

@ Introduction: double vs. single parton scattering

© A parton shower using double parton distributions

© Summary

1
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Double vs. single parton scattering

e Single parton scattering (SPS):

SPS Z / dCUldﬂfQ UZ]—)A( = T1X28, Q2) fi(xb Q2) f] (IQ’ Q2)

o fi(xz,Q?): Parton Distribution Functions (PDFs).
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Double vs. single parton scattering

e Double parton scattering (DPS) [1710.04408):

DPS A 2 A 2
9(A,B) — Z / dzy dwg das day O'ij—>A($1$2S, QA) Okl—B (11333748, QB)
1,5,k,1

/d2y Fik(wl, r3, Yy, Q?q, Q2B)Fjl(l?7 xr4,Y, Q?ﬁh QQB)

° Fz] (xla L2,Y, Qi? QQB) dPDFs.
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Why considering double parton scattering?

DPS SPS 2 2 .
e In some very specific regions of phase-space [1111.0010):
doPPs doSPS

(A,B) N A+B
d?qd?qp  d2gyd3gp

@ SPS might be suppressed by a high multiplicity of couplings:
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Parton shower

o Define the probability dPy, = d fy(x, Q?)/ fr(x, Q?).

Hard
Process

e Evolve downwards in Q? according to DGLAP equation:

A, Q) = dQ2ZPHbC( ) © fula @)
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dDGLAP equation

o Write Fj; (r1,22,Y, Q2) = fij (21, x2, QQ)F(y) [0910.4347].

d
dfij(x1,$2,Q2) 52 <Z B’—)Z (il) &) fZ](ajlvx27Q2)
1

+ZPJ/—>J (1” ) & fzj (371,3327622)
! aS(Qz)Pk—m ( B

_|_
1+ x9 27 T1 + To

) fular + $2,Q2))
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Parton shower with dPDF's

@ As before, define a branching probability as
dpij = dfzj (561, L2, QQ)/fw (331, L2, Q2) [0408302].

@ An angular-ordered parton shower is generated with the usual veto
algorithm.

e dPDFs: GS09 set from J. Gaunt and J. Stirling [0910.4347].
Single PDFs: MSTW 2008 set [0901.0002].

e Compare with the naive ansatz:

fij(CCl)an Q2) — fi(xla QQ)fj(a:?? Q2)(1 — 21— xQ)p7

with p =0, 1, 2.
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Results — Number of emissions
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Results — Fraction of mergings

f mergings [%] uu gg SS

GS09 4.878 | 13.477 | 31.128

p=20 6.396 | 13.248 | 27.943

p=1 7.583 | 16.450 | 30.356

p=2 8.358 | 19.091 | 32.302

Table 1: Fraction of events where the two branches have merged.
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@ Double parton scattering must be included to improve the
precision of event generators. Combine dPDF's and parton
showers.

o Use the y-dependent dPDFs F;;(x1,z2,y, Q%) (work in progress).
o Extension to two different energy scales Q% and Q%7

e MPI models might benefit from a parton shower based on dPDF's.
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Thanks for your attention!
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Backup: Problems with the current model?

e In fact, using an inhomogeneous evolution equation with the
standard veto algorithm is troublesome.

@ Recall that unitarity and virtual corrections impose to use the

probability:
sz’IjSR — dPi; exp (—/dpij) .
—~—
naive probability ~- ~

Sudakov factor

e However, there is no virtual contributions to the inhomogeneous
term of dP;;.

o Solution: use Fj;(z1,22,y,Q*) instead which satisfies the
homogeneous dDGLAP equation [1702.064s6].
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Backup: Sudakov form factor

e Radioactive decay : probability N(t) that the nucleus remains

after a time t.
dN (t)

dt
which leads to : N(t) = exp (— N c(t’)dt’) and :

— —c(t) N(1),

—dN(t) = w exp (— /0 t c(t) dt’)

naive probability of decay ™ ~~
Sudakov factor

e Sudakov factor : probability that no decay has occurred before ¢.
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Backup: dDGLAP equation

e Write Fij (.CUl, xr2,Y, Q2) = fij (331, o, QQ)F(y) dDGLAP [0910.4347]:

2 1—x9 / 2
dfij($1,$2,Q2) :ﬁ (Z/ dajl s (Q )Pi’—n' (%) fi'j($/1>5€2,Q2)
i x 1

Q> ) ry 27
1=21 42! o (QQ) x

2 trs 2 2

+Z/$2 7 on Py <x_’2> fijr(x1, 25, Q%)
j
1 O‘S(Q2) L1 2
Py :

+«771 1z, on k—ij 71 + T fk:(xl + 22, Q) )

1
> €T
i’ i , |
Ty > B 1 Ty :/ : I9 I 1 X1
> X9 ] ] T+ X9
J | T2

(a) (b) (c)
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