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Abstract

m Authors: Piet Mulders, Charlotte Van Hulse

m The Drell-Yan process and electron-positron annihilation offer a natural arena
for studies of non-collinearity. We [1] show how covariantly defined variables for
these processes and also for semi-inclusive deep inelastic scattering are suited
to get a feeling for the magnitude of intrinsic tranverse momenta.

m [1] P.J. Mulders and C. Van Hulse ArXiv:1903.11467 [hep-ph], PRD 2019

m See also:
m PIM, hep-ph/0010199 (AIP Conf. Proc. 588 (2001) 1, p. 75-88
m D. Boer, PIM, C. Pisano, ArXiv:0909.4652 [hep-ph], PRD 80 (2009) 094017
m M. Boglione et al., ArXiv:1904.12882 [hep-ph]
m Talk of Gunar Schnell



Introduction

m Importance of kinematics in multi-GeV environment of a hard process.
m Well-known for coIIinear situation (momentum fractions)
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m For two-hadron situation giving access to non-collinearity (although convoluted)
and a ‘second choice’ of collinearity measures
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Non-collinearity in the annihilation process
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Non-collinearity in annihilation process

LSS

m Non-collinearity given by g: 97 =¢ — A M?
€ = ——
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m Some special frames:
m Hadrons collinear: Ki7 = K,7 =0 LT leaving kK invariant
m y* collinear with one of the hadrons: K20 o [k MZZIJ; KK,
m 4.=K,=0=> g =- Kzi(qu)/Cz ) LR
] qJ_=K2l=O = qu_KlJ_(qKz)/Cl [k ak 30] <> [k ak +Fa_kj_]
m v* collinear with jet (cm frame) | |
m 9r=— K/, — Ky, /G, = kyp + kyr (there are small components along jet)

m Measures of non-collinearity (no theoretical bias!)
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The annihilation process (fixing Ry,)

m Allowed regions for given hadron pairs:
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The annihilation process (fixing Ry,)

m Allowed regions for given hadron pairs:
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Monte Carlo simulation (Pythia, ete™ > aiw at 10.58 GeV)
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Monte Carlo simulation (Pythia, ete™ > aiw at 10.58 GeV)
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Monte Carlo simulation (Pythia, ete” > aK at 10.58 GeV)

££'=0.0150 ¢ =0.03000 {'=0.2025
. - _ T 1 1 -_”
m Pion-kaon pair 5 ] 6.00600<R_,<0'00625 1 - 0.02500<R,,<0.0300 | %, 0.19750<R,,<0.20250
N B N1 N :
u R12 ~ 0.2 —° C1’2>0, same  ‘\ | sl " C1!2>0, same
~e { <0orC <0, saméi' N .- €. >0, opp.
Sy, ~ (4.7 GeV)? e A
IEE S T i :
= R, ~0.03 ¢'=0.0250 3 B ('=0.1975}
S;, ~ (1.8 GeV)? IISORW T N ‘ ‘
L * T A | col
AR\ = ] ¢“'=0.1975
[ | R12 n 0-006 of'; "," N o ) K
S, ~ (0.8 GeV)? R
o o;‘ o NN
0 N
N

m For large R;, only 10_1:;

opposite-hemisphere >
m For small R, there is - RN
a small region (red) Rk
with _ negative and - ORESESEVE . . S P
a larger region (red) R ‘ R
with T, negative for R AN
same-hemisphere RN RN
pairs 10 7 ¢
[ =071t
| 1.l | | | L1 1 11 | [T O O B
107 107" 1



Monte Carlo simulation (Pythia, ete” > aK at 10.58 GeV)
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Use of different fractions
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Separation of hemispheres

0.40<2,<0.50 and 0.40<z,<0.50

m Fine at large fractions

m Impossible at small fractions, but
formally possible via v,.v, for
given pairs obtained from R,, and
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Range of 2PI variable C

m C can be negative for same

m Negative values even occur (although
suppressed) when using the thrust
axis (replacing second hadron)
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O.15<Ch<0.20

m Experimental acces to qT using
one hadron and thrust axis (red)
compares well with full two-
hadron analysis using MC qqgbar
axis (blue).
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Using the determinant

d4e, 1 5KIKS k<M x kS
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m Data (extracted from D;/(|g;| sin 8) show a full range of events as a function of
sin ¢,,. Experimental acces using one hadron and thrust axis (red) compares well
with full two-hadron analysis using MC ggbar axis (blue).
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Using the determinant
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Non-collinearity in the Drell-Yan process

&P,

DY

-
-
-
-
-
-
-
-
-
-
-
-
-

—— -
——
————

-

ll
Pl———- : 0 p, =97 6181 = &b
lz/
1
2 2 2 2 t—u
S

i

— 20, - p, = — Q?cos*(0/2)) = — (1 — y)Q?

transverse plane

“qr = P17+ Doy

[ DY
1

18



Non-collinearity in Drell-Yan process

m Non-collinearity given by q;: 9r =9 — &P — &P M3
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m Some special frames:
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m v* collinear with jet (Collins-Soper frame) |
m 49r=— & P11 — & Pyy =Ppir+ Por (there are small component along jet)

m Measures of non-collinearity (no theoretical bias!)
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The Drell-Yan process (fixing R,,)

m Allowed regions for given hadron pairs:
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The Drell-Yan process (fixing Ry5)

m Allowed regions for given hadron pairs:
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m Combine these two cases (annihilation and DY) in hadron induced

hadroproduction with underlying partonic hard process p; + p, 2 k; + k,

Dijet imbalance in hadronic collisions
Daniel Boer (Vrije U., Amsterdam & Groningen, KVT), Piet J. Mulders (Vrije U., Amsterdam),

Cristian Pisano (Vrije U., Amsterdam & Cagliari U. & INFN, Cagliari). Sep 2009. 14 pp.
Published in Phys.Rev. D80 (2009) 094017

DOI: 10.1103/PhysRevD.80.094017

e-Print: arXiv:0909.4652 [hep-ph] | PDF
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Non-collinearity in semi-inclusive deep inelastic scattering




Non-collinearity in SIDIS
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m Some special frames:
m Hadrons collinear: Pr =K, =0

m v* collinear with one of the hadrons:
m 9.=P=0= gr==Py,p/
m v* collinear with partons (Brick-Wall frame)
m g, =¢(P, — P, 8, =k — pp (there are small component along jet)

m Measures of non-collinearity (no theoretical bias!)
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m Allowed regions for given hadron pairs (target and current fragmentation)
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SIDIS (fixing R;5)

m Allowed regions for given hadron pairs
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Concluding remarks

m Collinear fractions are key ingredients in the hadron - parton transition (in
processes such as DIS and single hadron production in annihilation

m Difference between collinear fractions contain information on (convoluted) 3D
structure in processes like SIDIS, two-hadron inclusive annihilation and Drell-
Yan.

m Inclusion of lepton plane provides additional (also convoluted) information on
individual transverse momenta (azimuthal structure in transverse plane).
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