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Two types of generators

•Full event generators (Pythia, Lepto...)
All final-state particles are generated

•Generators for single-particle (or two-particle) inclusive 
DIS (gmc_trans, TMDgen, ResBos...)
Only one or two final-state particles are generated
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Example of fragmentation modelscattered lepton
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What are they used for?

•Predictions of unmeasured cross sections

•Systematic studies

•Search for new physics

•Access to quantities that are not directly measurable (i.e., 
W-boson mass)
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Strong points of event generators
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Strong points of event generators

•Gives a full description of the final state, in all kinematic 
regions

•Very sophisticated implementations, containing many 
ingredients

•Parameters well tuned

•Excellent coding, based on years of experience
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Full description of the final state
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Figure 29: xF -distributions of π+ (left) and π− (right) of pion pairs.
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Figure 30: The Q2-distribution of pion pairs (left) and the φR-distribution of the pair (right).
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Figure 31: The φhdistribution (left) and invariant mass distributions of the pair (right).
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Comparison with SIDIS generators
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function

Comparison with SIDIS generators
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6.3. THE GMC TRANS MONTE CARLO GENERATOR
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Figure 6.1: Comparison between the distributions of selected DIS and SIDIS kinematic variables ob-

tained from real events and from events generated by PYTHIA.
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Some limitations of full event generators
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Some limitations of full event generators

•Do not include spin

•Based on semi-classical picture (difficult to include 
quantum interference)

•Difficult to modify

•Semi-inclusive DIS is not their main focus

•Computationally intensive
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Possible developments

•Inclusion of spin into the microscopic fragmentation 
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Artru, arXiv:1001.1061; Bianconi, arXiv:1109.0688, Kotzinian, hep-ph/0510359
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Possible developments

•Inclusion of spin into the microscopic fragmentation 
mechanism 
Artru, arXiv:1001.1061; Bianconi, arXiv:1109.0688, Kotzinian, hep-ph/0510359

•Artificial modulation of the final cross section based on 
polarized cross-section (reweighting). Often used by 
experimental collaborations. No publication?
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Something about SIDIS generators
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Strong points of SIDIS generators
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Strong points of SIDIS generators

•All kinds of signals can be introduced in principle

•Simple and fast 

•Very close to theoretical formulas and theoretical 
parametrizations

•Can be in principle extended to higher orders
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Inclusive DIS
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Structure functions

see, e.g., A.B., Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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Structure functions

FUU,T (x, Q2)

see, e.g., A.B., Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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Results for inclusive DIS
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Results for inclusive DIS
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Semi-inclusive DIS
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Structure functions
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see e.g. AB, Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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Structure functions
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Beware: azimuthal coverage
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Unpolarized sector

FUU,T = C
[
f1D1

]
,

FUU,L = O
(

M2

Q2
,
q2
T

Q2

)
,

F cos φh

UU =
2M

Q
C
[
− ĥ ·kT

Mh

(
xh H⊥

1 +
Mh

M
f1

D̃⊥

z

)
− ĥ ·pT

M

(
xf⊥D1 +

Mh

M
h⊥1

H̃

z

)]
,

F cos 2φh

UU = C
[
−

2
(
ĥ ·kT

) (
ĥ ·pT

)
− kT ·pT

MMh
h⊥1 H⊥

1

]
,

C
[
wfD

]
=

∑

a

xe2
a

∫
d2pT d2kT δ(2)

(
pT−kT−P h⊥/z

)
w(pT ,kT ) fa(x, p2

T ) Da(z, k2
T ),
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List of structure functions

26

low-qT calculation high-qT calculation

observable twist order power twist order power powers match

FUU,T 2 αs 1/q2
T 2 αs 1/q2

T yes

FUU,L 4 2 αs 1/Q2

F cos φh

UU 3 αs 1/(QqT ) 2 αs 1/(QqT ) yes

F cos 2φh

UU 2 αs 1/q4
T 2 αs 1/Q2 no

F sin φh

LU 3 α2
s 1/(QqT ) 2 α2

s 1/(QqT ) yes

F sin φh

UL 3 α2
s 1/(QqT )

F sin 2φh

UL 2 αs 1/q4
T

FLL 2 αs 1/q2
T 2 αs 1/q2

T yes

F cos φh

LL 3 αs 1/(QqT ) 2 αs 1/(QqT ) yes

F sin(φh−φS)
UT,T 2 αs 1/q3

T 3 αs 1/q3
T yes

F sin(φh−φS)
UT,L 4 3 αs 1/(Q2 qT )

F sin(φh+φS)
UT 2 αs 1/q3

T 3 αs 1/q3
T yes

F sin(3φh−φS)
UT 2 α2

s 1/q3
T 3 αs 1/(Q2 qT ) no

F sin φS

UT 3 αs 1/(Qq2
T ) 3 αs 1/(Qq2

T ) yes

F sin(2φh−φS)
UT 3 αs 1/(Qq2

T ) 3 αs 1/(Qq2
T ) yes

F cos(φh−φS)
LT 2 αs 1/q3

T

F cos φS

LT 3 αs 1/(Qq2
T )

F cos(2φh−φS)
LT 3 αs 1/(Qq2

T )

Table 2: Behavior of SIDIS structure functions in the intermediate region M ! qT ! Q. Empty
fields indicate that no calculation is available. The specification of twist 4 for FUU,L and F sin(φh−φS)

UT,L

reflects that these observables are zero when calculated at twist-two and twist-three accuracy.

given in (5.56) by Lcos 2φh

UU , and its high-qT approximation (4.26) by Hcos 2φh

UU . Since in the

intermediate region the two expressions describe distinct contributions to the cross section,

one may consider to use

F cos 2φh

UU ≈ Lcos 2φh

UU + Hcos 2φh

UU (6.17)

as an approximation for this observable. The quality of this approximation can be assessed

from the power behavior of its terms in the different regions:

Lcos 2φh

UU ∼ q2
T/M4 for qT <∼M , (6.18)

Lcos 2φh

UU ∼ M2/q4
T for qT $ M , (6.19)

Hcos 2φh

UU ∼ 1/Q2 for all qT , (6.20)

where the behavior in (6.18) reflects that Lcos 2φh

UU must vanish like q2
T for qT → 0 due to

angular momentum conservation [39]. In the intermediate region M ! qT ! Q both terms

– 41 –

“Cahn”

“Boer-Mulders”

“Kotzinian-Mulders”

“Polarized Cahn”

“Pretzelosity”

“Sivers”

“Collins”

“Worm gear”

“SIDIS FT”
“SIDIS FL”

“SIDIS g1”

“SIDIS g2”
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Unpolarized structure function

C
[
wfD

]
=

∑

a

xe2
a

∫
d2pT d2kT δ(2)

(
pT−kT−P h⊥/z

)
w(pT ,kT ) fa(x, p2

T ) Da(z, k2
T ),

FUU,T = C[f1D1]
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Gaussian ansatz

C
[
wfD

]
=

∑

a

xe2
a

∫
d2pT d2kT δ(2)

(
pT−kT−P h⊥/z

)
w(pT ,kT ) fa(x, p2

T ) Da(z, k2
T ),

FUU,T = C[f1D1]

fa
1 (x, p2

T ) =
fa
1 (x)

π〈p2
T (x)〉a

e−p2
T /〈p2

T (x)〉a

, Da
1(z, k2

T ) =
Da

1(z)
π〈K2

T (z)〉a
e−z2k2

T /〈K2
T (z)〉a

fa
1 (x, p2

T ) =
fa
1 (x)

π〈p2
T 〉e

−p2
T /〈p2

T 〉, Da
1(z, k2

T ) =
Da

1(z)
π〈K2

T 〉e
−z2k2

T /〈K2
T 〉

C[f1D1] =
∑

a

xe2
a

f1(x)D1(z)
π(z2ρ2

a + σ2
a)

e−P 2
h⊥/(z2ρ2

a+σ2
a)
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gmc_trans
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gmc_trans

•Based on Gaussian ansatz. Cannot use non-Gaussian 
distributions (thus, many models cannot be implemented)
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gmc_trans

•Based on Gaussian ansatz. Cannot use non-Gaussian 
distributions (thus, many models cannot be implemented)

•Implements several leading-twist terms of the cross 
section

•First attempt at tuning the parameters of the unpolarized 
TMDs

•Careful implementation of positivity bounds
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Comparison with data

Gunar Schnell Transversity 2008, Beijing

z 〈K2
T 〉
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Ulrike Elschenbroich, Makins Relation, Collaboration Meeting, March 2006 – p.10

〈
P 2

h⊥(z)
〉

= z2
〈
p2

T

〉
+

〈
K2

T (z)
〉

2

mentation functions

fa
1 (x, k

2
⊥;Q

2
0) =

fa
1 (x;Q

2
0)

π〈k2⊥〉
e−k2

⊥/〈k2
⊥〉, (5)

Da
1(z, P

2
⊥;Q

2
0) =

Da
1(z;Q

2
0)

π〈P 2
⊥〉

e−P 2
⊥/〈P 2

⊥〉, (6)

where z is the fraction of the energy of the fragment-
ing parton a carried by the detected hadron. For fa

1 (x)
we use the MSTW08LO set [17], for Da

1(z) we use the
DSS LO set [18]. We fix the width of the transverse-
momentum distributions for the initial parton and final
hadron, respectively, as

〈k2⊥〉 = 0.14 GeV2, 〈P 2
⊥〉 = 0.42 z0.54(1− z)0.37 GeV2.

(7)

These parameters have been implemented in the HER-
MES gmc trans Monte Carlo generator and are known
to give a good description of the HERMES data [20]. In
principle, these functions should be evolved according to
TMD evolution [21]. However, we choose here to imple-
ment only the evolution of their collinear part.

Neglecting the contribution of heavier c, b, t flavors, we
parametrize the Sivers function in the following way (in-
spired by [15]):

f⊥a
1T (x, k2⊥;Q

2
0) = f⊥(0)a

1T (x;Q2
0)

M2
1 + 〈k2⊥〉

πM2
1 〈k2⊥〉

e−k2
⊥/M2

1 e−k2
⊥/〈k2

⊥〉 (8)

where M1 is a free parameter related to the width of the
transverse-momentum distribution, and

f⊥(0)qv
1T (x;Q2

0) = Cqv
√
2e

MM1

M2
1 + 〈k2⊥〉

1− x/αqv

|αqv − 1| (1− x)fqv
1 (x;Q2

0),

(9)

f⊥(0)q̄
1T (x;Q2

0) = C q̄
√
2e

MM1

M2
1 + 〈k2⊥〉

(1− x) f q̄
1 (x;Q

2
0).

(10)

Note that atQ0 we establish a relation between the Sivers
function for the combinations qv, q̄, and the correspond-
ing unpolarized PDF, at variance with what has been
done in the literature [15, 16]. This will turn out to be im-
portant when establishing a relation with the anomalous
magnetic moment, since it guarantees that the valence
Sivers function is integrable at any scale. We multiply
the unpolarized PDF by (1− x) to respect the predicted
high-x behavior of the Sivers function [22]. We intro-
duce the free parameter αqv to allow for the presence of
a node in the Sivers function at x = αqv , as suggested by
diquark model calculations [9, 10] and phenomenological
studies [23] (see the discussion in Ref. [24]). We imposed
constraints on the parameters Ca in order to respect the
positivity bound for the Sivers function [25], neglecting
the contribution of the helicity distribution g1(x) (as in

Ref. [15]). For the gluons, we assume the same func-
tional dependence of the sea quarks, Eq. (10), with the
replacement q̄ → g.
Also for f⊥

1T , we neglect the effect of TMD scale

evolution [26]. We assume that f⊥(0)
1T (x;Q2) evolves

in the same way as f1(x;Q2), based on the results of
Refs. [27, 28] (note however that a slightly different re-
sult has been obtained in Ref. [29]).
In conclusion, we describe the SIDIS Sivers asymmetry

in the following way:

Asin(φh−φS)
UT (x, z, P 2

T , Q
2) = −M2

1 (M
2
1 + 〈k2⊥〉)

〈P 2
Siv〉2

z PT

M
(
z2 +

〈P 2
⊥〉

〈k2⊥〉

)3

e
− z2P2

T
〈P2

Siv〉

∑
a e

2
a f⊥(0)a

1T (x;Q2) Da
1(z;Q

2)∑
a e

2
a fa

1 (x;Q
2) Da

1(z;Q
2)

,

(11)

where

〈P 2
Siv〉 = M2

1

(
z2 +

〈P 2
⊥〉

〈k2⊥〉

)(
z2 +

〈P 2
⊥〉

〈k2⊥〉
+

〈P 2
⊥〉

M2
1

)
, (12)

and PT is the modulus of the transverse momentum of
the detected final hadron in the lab frame.
For the lensing function we use the following Ansatz

L(x) =
K

(1− x)η
. (13)

The choice of this form is guided by model calcula-
tions [6–10], by the large-x limit of the GPD E [22],
and by the phenomenological analysis of the GPD E pro-
posed in Ref. [30]. We checked a posteriori that there is
no violation of the positivity bound on the GPD Eqv as
expressed in Ref. [31], again neglecting the contribution
of g1(x). The nucleon anomalous magnetic moments are
computed as

κp =

∫ 1

0

dx

3

[
2Euv (x, 0, 0)− Edv (x, 0, 0)− Esv (x, 0, 0)

]
,

κn =

∫ 1

0

dx

3

[
2Edv (x, 0, 0)− Euv (x, 0, 0)− Esv (x, 0, 0)

]
.

(14)

We perform a combined χ2 fit to 105 HERMES proton
data [32], to 104 COMPASS deuteron data [33], and to
8 JLab neutron data [34], of the Sivers asymmetry with
identified hadrons. We sum the statistical and systematic
errors in quadrature and neglect the experimental nor-
malization uncertainty. Since the HERMES and COM-
PASS data are presented as three projections of the same
data set (binned in three different ways: in x, z, Ph⊥),
we consider all three projections but we multiply their
statistical errors by a factor

√
3 and we divide by 3 the

number of these bins (105 and 104) when counting the
number of degrees of freedom. The anomalous magnetic
moments are known to a precision of 10−7 or higher [35].
However, given the typical uncertainties on PDF extrac-
tions, our computation of κ is affected by a theoretical

unpublished!
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TMDgen

•Extension of gmc_trans done by Steve Gliske

•Includes non-Gaussian distributions

•Includes two-hadron inclusive DIS

•Written in C++
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TMDgen: still missing

•Lacks all subleading twist

•No TMD flavor dependence

•No QED radiative corrections

•No TMD evolution
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Unpol. TMD “state of the art”

T. Rogers, M. Aybat, arXiv:1101.5057 

f1(x, kT ;Q) =
1
2π

∫
d2bT e−ikT ·bT

[
C ⊗ f1

(
x̂;

2e−γe

bT

)]
e−S′(bT ,Q) e−S′

NP(x,bT ,Q,αi)
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Unpol. TMD “state of the art”

T. Rogers, M. Aybat, arXiv:1101.5057 
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Unpol. TMD “state of the art”

T. Rogers, M. Aybat, arXiv:1101.5057 

nonperturbative part of TMD

collinear PDF

pQCD

f1(x, kT ;Q) =
1
2π

∫
d2bT e−ikT ·bT

[
C ⊗ f1

(
x̂;

2e−γe

bT

)]
e−S′(bT ,Q) e−S′

NP(x,bT ,Q,αi)

Fourier-transform of the TMD

34Monday, 7 November 2011



Unpol. TMD “state of the art”

T. Rogers, M. Aybat, arXiv:1101.5057 
Landry, Brock, Nadolsky, Yuan, PRD67 (03)
P. Schweitzer, T. Teckentrup, A. Metz, PRD81(10)
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FIG. 1: The up quark TMD PDF for Q =
√
2.4, 5.0 and 91.19 GeV and x = 0.09. The upper plot shows the result of using the

BLNY fit in Eq. (37) with bmax = 0.5 GeV−1 while the lower panel shows the BLNY fit obtained with bmax = 1.5 GeV−1. The
solid maroon, dashed blue, and red dot-dashed curves are for Q =

√

2.4, 5.0 and 91.19 GeV respectively (see online version for
color).
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FIG. 2: Comparing the shape of the TMD PDF within various approximations. The solid red curves are the same as the
Q = 91.19 GeV curves in Fig. 1. The dashed blue curve is the result of setting the A-factor in Eq. (26) equal to f(x, µb), and
the dash-dotted maroon curve is obtained by setting the B-factor in Eq. (26) equal to 1. (See online version for color.)

f1(x, kT ;Q) =
1
2π

∫
d2bT e−ikT ·bT

[
C ⊗ f1

(
x̂;

2e−γe

bT

)]
e−S′(bT ,Q) e−S′

NP(x,bT ,Q,αi)
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ResBos

•Already implements effect of gluon resummation, which is 
another way of including TMD evolution

•It’s a generator “family” with several processes

•http://hep.pa.msu.edu/resum/index.html#SIDIS
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Fourier-transformed TMDs

•Since the TMD evolution formalism is done in bT space, it 
may be useful to implement the Fourier-transformed 
formulas in the MC generator

•This may also useful to study Bessel-weighted extraction 
methods
Boer, Gamberg, Musch, Prokudin, arXiv:1107.5294 
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•There is a lot to do.

•Every collaboration and even every analysis group uses 
its own different solution.

•Not enough attention is devoted to publishing the ideas 
and share them.

•I would personally focus first on SIDIS generators, 
although I think the effort of modifying full event 
generators is extremely interesting

Conclusions
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