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Outline

@ Qualitative picture of double parton scattering
e DPDFs

@ Flavor, spin and color correlations

@ Bag model estimates

avoid technical details.
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Drell-Yan: Single Parton Scattering (SPS)

Drell-Yan:  pypo — (70
W production : p1p — W — v

"

p(p") = —pr(p)

There can be a longitudinal boost of the dilepton system
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PDFs

M2 = sxyxo and €Y = xq /Xo can measure x; and X,

P ] (N

single PDF (sPDF) for each beam particle.
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Factorization of the cross section.



PDFs

PDFs are non-perturbative quantities.

Determine them from experiment — Since they are universal, they can
be measured in DIS and used in Drell-Yan, W production, etc.

Various models (bag model, etc.) have been used to compute PDFs.

Difficult to compute on the lattice because they are light-cone
correlation functions.
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Double Parton Scattering (DPS)

Double Drell-Yan:  pypo — £T¢7 410~
WW production :  p1po — WTWT — tuiv

-

ut

2 simultaneous hard interactions. [Not piIe—up? next page]
pi(n) = —pi(n)
pi(e’) = —pu(e’)

4 |lepton final state from single parton scattering only-has totalp, = 0.
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Qualitative Picture

Aqcp

_ 1 |
YAqep

Hadrons longitudinally contracted by v ~ 4000 at LHC

longitudinal size 1/(yAqcp) ~ 1/Q.
Transverse size 1/Aqcp.
Incoming parton flux o« A%CD (inversely proportional to transverse area)
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Spacetime view of Scattering
Two hard interactions can be separated by 1/Aqcp in z,

Two partons need to be within area 1/Q? of each other to interact.
Probability to collide A3,/ Q?

. Ry 1 R\
single collision : ——=— double collision : > 5
Q Nocp Q Nocp

DPS is Higher Twist: A3,/ Q? suppressed (Politzer)
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Rates

Rate is small

o(pp — WW :DPS)  N3¢p s
~ ~10
o(pp — W) Mz,

But we are comparing to big cross-sections at the LHC

DPS gives some interesting signatures

@ udud — W+WT same sign diboson and dilepton production
background to searches for new physics

@ Already seen in same sign dilepton searches by CMS
@ Also measured by ATLAS
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Estimate of Rate

Del Fabbro, Treleani; Hussein; Berger, Jackson, Shaughnessy
Badurin, Golovanov, Skachkov [1011.2186]

light Higgs searches in pp — WH — (vbb
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Ratio of HW rate to the DPS background in the ¢vbb channel.



dPDFs

can measure 4 momentum fractions: xy collides with x3 and x> with x4

2 oY, o oy,
M1 = SX1 X3, e’ = X1/X37 M2 = SXoXy, e’ — X2/X4
dO‘DPS
A2 2
TR T I 0 d°z| F(xy,x0,21)F(Xx3,X4,2) .
dxydxodxsdxy 0 L ( 1, A2, J—) (37 45 J_)

1N

Described by double parton distribution functions (dPDFs)
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Overlap with SPS
Double Drell-Yan or W + 2jets

-

. ) double parton scattering
single parton scattering

@ Drell-Yan rate: og ~ o?/Q?
@ SPS Double Drell-Yan rate: [a/(47)]? o
@ DPS Double Drell-Yan rate: <o—o /\6CD> o0

@ radiative corrections vs power corrections: «/(4x) vs /\(22CD / QP
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SPS DPS
@ DPS: the lepton pairs have to have opposite p
@ SPS: can have acoplanar leptons of the same type

A — N A Apormalized — ‘_P)LT + ﬁf»ﬂ
jets |p1,T+p2,T‘ jets ’p1,T| T ‘p2’7_

@ DPS enchanced near Ajes =0

@ SPSin Ajes ~ Aqep region A3,/ Q? suppressed by phase space
cut. Same size as DPS.

@ total rate = SPS + DPS cannot be separated
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Interesting DPS process: Same sign W W+

W+ W: charge 2 cannot be produced from qg

ud — WtW+ud

a

=

= o
600060606000t
= o
I =
= o
00000000909

@ SPS contribution, but with two extra jets in the final state.
@ SPS has an extra [os/(47)]? suppression
@ DPS dominates in Ajes ~ Aqcp region
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DPS has been observed at the LHC

[ATLAS-CONF-2011-160]

T T T
I PYTHAWS v MG

AsHsd W v MC.

[ Fidistrivution

e AsHed template A+ physics BG

dN/N
dN/N

SHERPAW - Iv MC ®  Wdala

s AsHad W Iv MC, No DPI template B

s SHERPAW - Iv MC, No DPI

ATLAS Preliminary ]
ATLAS Preliminary |

80 100 120 140
Ajais [GeV] Ajeis [GeV]

e pp — W + 2jets with p="'P*" > 20 GeV

® Ajes = |P1,7 + P2.7|

@ Fit to shape of SPS and DPS from Monte Carlo
@ Find the fraction of DPS events is fops = 16%
@ DPS observed in 33 pb~ " of data

[m] = =
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PDF definition

Parton distribution functions (PDF):

) = [t 2 o 5] o) 1o

Light-cone fourier transform of two-point function.

N
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dPDF definition

Given in terms of double parton distribution functions (dPDF)
F(x1,X2,2.)
for example:

_ [dzfdzy dzf
47 47w 47

{7t 020n ] [0(e; 0,007, }7{vated 0200000} I

P
F;q(Xth,ZJ_) — _4rp e~ MPZ /2 g=ixep= 25 /2 gixip~ 2 /2

Like a PDF at0, andone atz,.

Annihilate quarks at 0 and z; and put them back some distance along the light

/1N
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dO’DPS

A2 2
— 2, F(x1.%.2. ) F(Xs. X4. 2
dx; dxadxadxs "0/ 1 F(x1, %2, 21 )F (X3, x4,2.)

@ dPDF is probability for simultaneously finding two partons
» with momentum fractions xq, xo
» transverse separation z; (or momentum k)
» flavor, spin and color correlations to be discussed
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PDF

N

f(x) o (pl ¥(z")T T 4(0) |p)

@ T =1 for color singlet
@ I = 7 unpolarized distribution g(x)

@ I = iys: polarized distribution Ag(x)
needs a longitudinally polarized beam

@ I = ioTlys: transversity distribution hy(x), 5g(x)
needs a transversely polarized beam
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dPDF

PN

SXUN I PRURTY PO PR

@ 1T®1and T ® T: color correlations
@ [ ®TI: spin correlations even for unpolarized target

@ qq, AqAq, 6q6q
e.g. ud(xq, X2, k1), AuAd(xq, X2, k1), etc.
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Flavor, Spin and Color Correlations

@ uu vs ud vs dd measures flavor correlations
e.g. p = uud, so dd should be suppressed relative to uu and ud

@ AqAq measures longitudinal spin correlations
eg. utwithutvsul

@ 5qdq measures transverse spin correlations

@ F' has 1 ® 1 color structure, and F8 has T ® T color structure
measure diparton color correlations
Can measure if diquarks are in a color 6 or 3

Can measure if gg are in a color 1 or 8
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QCD Analysis

@ Have a systematic QCD formulation

@ Precise operator definition of dPDFs in QCD

@ Flavor, Spin, Color and Interference effects

@ Soft functions

@ Can calculate evolution (analogous to Altarelli-Parisi)
@ Can compute radiative corrections (loop corrections)

rapidity divergences need to be regulated for the T ® T dPDFs which
exchange color.
[Chiu, Jain, Neill, Rothstein, 1104.0881, 1202.0814]
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How do you measure them?

Short answer: the same way PDFs were measured

Much more difficult, since many more DPDFs, and the cross-section is
smaller.

Can disentangle the pieces by looking at angular dependence.

Look at double Drell-Yan and compare v* vs Z* vs W*.

Aneesh Manohar 25/34



What has been done?

[Paver, Treleani]

do = /dzzJ_ZFij(X17X2>ZJ_)Fk/(X37X4aZJ_)&ik(X1X33)‘A7j/(X2X4S)
il

@ Commonly used assumptions

x; and k. uncorrelated: F(xq, X, K, ) = F(x1, X2)F(k.)
uncorrelated partons F(xq, x2) = f(x1)f(x2)
neglect color or spin correlations

vV v VvYy

dO’DPS 1 dO’SPS dO’SPS

dxqdxo dX3 dxy Oetr dXq dX3 dXoXy

1

Oeff

» experimentally oo ~ 1 — 15 mb
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Bag Model
Gives a rough idea of DPDFs.

First look at regular sPDF:

Often taken as input PDF at a low scale . ~ 1 — 2GeV, and then
evolved using DGLAP.
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k, — x Correlation
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k, — x Correlation

F(x1,%2=04k.)/F(x1=04x2=04k.)

F(x1=0.2,x2=0.4,k.)

Weak k; correlation with x, F(xq, X2, k1) ~ F(xq, x2)l-'(kperp).
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Xy — Xo Gorrelation
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Strong correlation between x; and xo. F(x1, X2) # f(x1)f(X2).
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X; — Xo Correlation

F(x1.X2.K, =0)/F (x1)/F(x2)

If x1 is big, x» is small, as one might expect.
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Spin Correlations

10—
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The spin-correlations are not small.
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Conclusions

@ DPS already measured at the LHC

@ Relevant for some important searches

@ Consistent formalism including radiative corrections
@ dPDFs have to eventually be extracted from data

» similar to Drell-Yan or DIS
» start with models
» models for PDFs eventually replaced by those extracted from data

@ Can be used to study quark flavor, spin and color correlations.
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