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Two types of generators

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

e 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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What are they used for?

e Predictions of unmeasured cross sections
e Systematic studies
e Search for new physics

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

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

¢ \/ery sophisticated implementations, containing many
ingredients

e Parameters well tuned

e Excellent coding, based on years of experience
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Full description of the final state

photon

proton

hadron 1

Distribution of x_F for the A+ in the x*+ xA- channel
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Comparison with SIDIS generators
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Comparison with Sl

DIS generators
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Comparison with Sl
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Some limitations of full event generators

* Do not include spin

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

e Difficult to modify
e Semi-inclusive DIS is not their main focus

e Computationally intensive
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* |nclusion of spin into the microscopic fragmentation

mechanism
Artru, arXiv:1001.1061; Bianconi, arXiv:1109.0688, Kotzinian, hep-ph/0510359
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P0ossible developments

* |nclusion 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?

Monday, 7 November 2011 15
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Strong points of SIDIS generators

e All kinds of signhals can be introduced in principle

e Simple and fast

e \/ery close to theoretical formulas and theoretical
parametrizations

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

do B 2002
drpdydps  xpyQ?

1S yv/I— 7 cosds FzOTS%}

2
{(1 — Y+ %)FUU,T + (1 —y) Fyur + SLAey(l — %) Frr

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

Fror(z, Q%)

2

do 202
{(1 — Y+ y—)FUU,T + (1 —y) Fyur + SLAey(l — %) Frr

dopdydds  2pyQ2

2

1S yv/I— 7 cosds Fz%ws}

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

Fvur =B Zei fi(xg)

Fyurn =0

Iy, =xp Ze 91 (xp)

FCOS ¢s __

—YZp Ze 97(*B)
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Semi-inclusive DIS

A.B., D’Alesio, Diehl, Miller, PRD70 (04)
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Structure functions

do
dz dy ds dz dé, dP?,
_ o Y- Four+eFyy + \/2 e(1+¢) cosop, Frrp) Pn 4 ecos(2¢n) I/ 2¢n
ryQ? 2(1—¢) ’ ’ uu UU

A V2e(l —¢) singy Fy % + 81 [/2e(1 +¢) singy, Fj 7" + esin(2¢p,) 777

+ S A\ [\/1 —e2 Fyp 4+ \/28(1 —€) costhFz(zsd)h

+ 81 |sin(on — os) (Fps " e T ) e sin(n + 0) Fp 0

+e sin(3¢p — pg) Fi %) 4\ /2e(1 + €) singg Finos

+1/2e(1 + ¢) sin(2¢n — ¢3) Fg;(%h_d)s) + S7tAe | V1 — €2 cos(on — ¢s) FE%SWh_qu)

+/2e(1 —¢) cosps Fion % +1/2e(1 — €) cos(2¢n, — ¢s) Fzgs’(%h(bs)] }

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

do
2 2
dz dydgs d=dendpz, |\ Tour(z,2, Pry, Q7

C¥2 y2 cos cos 2¢
= 2,0 3 1 Fuor+eFuor ++1/2e(l4¢€) cosgp Fyo5 ™" 4 ecos(2) Fro3 0"

A V2e(l —¢) singy Fy % + 81 [/2e(1 +¢) singy, Fj 7" + esin(2¢p,) 777

+ S A\ [\/1 —e2 Fyp 4+ \/28(1 —€) costhFz(zsd)h

+ 81 |sin(on — os) (Fps " e T ) e sin(n + 0) Fp 0

+e sin(3¢p — pg) Fi %) 4\ /2e(1 + €) singg Finos

+1/2e(1 + ¢) sin(2¢n — ¢3) Fg;(%h_d)s) + S7tAe | V1 — €2 cos(on — ¢s) FE%SWh_qu)

+/2e(1 —¢) cosps Fion % +1/2e(1 — €) cos(2¢n, — ¢s) Fzgs’(%h(bs)] }

see e.g. AB, Diehl, Goeke, Metz, Mulders, Schlegel, JHEP093 (07)
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Beware: azimuthal coverage
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Beware: azimuthal coverage

do = A
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Beware: azimuthal coverage

do = A+ Bcosg
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Beware: azimuthal coverage
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Beware: azimuthal coverage

do = A+ Bcosg

? hadron A
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lepton
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do do do
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Beware: azimuthal coverage

* hadron
detector
[H P
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Unpolarized sector
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List of structure functions

“SIDIS Ft”
“SIDIS F.”
“Cahn”

“Boer-Mulders”

“Kotzinian-Mulders”
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“SIDIS g»”
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Unpolarized structure function

Four =C|fiD1]

wa Z re /d2pT d2kT 5(?) (pT—kT—PhL/Z) w(pr, kr) fa(xap%) D*(z, k%)v
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(Gaussian ansatz

Four =C|fiD1]

wa Z re /d2pT d2kT 5(?) (pT—kT—PhL/Z) w(pr, kr) fa(xap%) D*(z, k%)v

2 2 DCL 21.2 2
f1(x) —p2 2 Do(z, k2) = D1E) -2t k)

; | ~(K3)

fl (le pT) 7T<pT>

( ) _p2 2 2, 2
D hJ_/(Z pa—l_a-a,)
ClA DA erwng—l—a)e

1(2) —p2 /i ()

fla(ajva) — 7_‘_< 2 ($)>a y

_Da 21.2 2 a
Doz, k2) = —PIE) o o)
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gmc_trans
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gmc_trans

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

Monday, 7 November 2011

29



gmc_trans

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

* |mplements several leading-twist terms of the cross
section

Monday, 7 November 2011

29



gmc_trans

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

* |mplements several leading-twist terms of the cross
section

e First attempt at tuning the parameters of the unpolarized
TMDs

Monday, 7 November 2011 29



gmc_trans

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

* |mplements several leading-twist terms of the cross
section

e First attempt at tuning the parameters of the unpolarized
TMDs

e Careful implementation of positivity bounds
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Comparison with data

(k%) = 0.14 GeV?, (P?)=0.422%%%(1 — 2)°37 GeV"=.

N%o: 5
O, 0.6 =
80.5 -
€04 2
0.3 -
0.2 -
0.1 [ -
0 :I 1 11 | | I | | 1 111 | 1 111 | 1 11 0 :I 1 11 | 1 11 1 | 1 11 1 | 1 111 | 1 11
0 025 05 075 1 0 025 05 075 1
22 Z
0.7 ¢ T 0.7 ¢
Sos b © o6 [ N AT
S ="" t o HERMES data 02-04
“50.5 “40.5 & O gmc_trans
S04 | D 804 b M
C L M
0.3 [ B @ 03 [ .'i'.”i!"}
02 | + 02 | i
0.1 e <) 0.1 s :
0 :I 111 | 1111 | 1111 | 1111 | 11 | 0 :I 1 1 1 | 1111 | 111 1 | 111 1 | 111
0 025 05 075 1 0 025 05 075 1 :
B 2 2 unpublished!

Monday, 7 November 2011



TMDgen
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TMDgen

e Extension of gmc_trans done by Steve Gliske
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TMDgen

e Extension of gmc_trans done by Steve Gliske
* |ncludes non-Gaussian distributions

¢ |ncludes two-hadron inclusive DIS
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TMDgen

e Extension of gmc_trans done by Steve Gliske
¢ Includes non-Gaussian distributions
¢ |ncludes two-hadron inclusive DIS

o \Written in C++
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Normalized Counts
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Figure 3.1: Comparison of 1D kinematic distributions from TMDGen and Pythia, in 47, for
7Y dihadrons. Listing the rows from top to bottom, and within each row from
left to right, the panels are respectively the z, y, z, P, and M), distributions.
TMDGen data is designated with blue circles, and Pythia data designated with

red open squares.
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TM

Dgen: still missing

¢ | acks all subleading twist

eNo TMD flavor dependence

e No QED radiative corrections

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

1

fi(z, kr; Q) = o

/ d2bpe kT 0T [C R fi (a:

2 Ve
br

)i| e_S,(bTaQ) e_Sll\IP (xabTaQ7ai)

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

fi(z, kr; Q)

D “state of the art”
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nonperturbative part of TMD

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

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

e |t’s a generator “family” with several processes

e 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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Conclusions

e There s a lot to do.

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

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

e | would personally focus first on SIDIS generators,
although | think the effort of modifying full event
generators Is extremely interesting
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