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Disclaimers

@ focus rather on "MC in TMD analyses at HERMES”

@ contains a number of actual trivial, but hopefully

still useful, statements

@ can not offer a general recipe, though hopefully

some guidance for particular cases

2 |>
gunar.schnell @ desy.de 2 Transversity 2014 - June 12 2014 @ I &




Some usages for Monte Carlo
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Some usages for Monte Carlo
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Some types of Monte Carlo

—_

(inclusive p

event MC
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Prelude: role of acceptance in experiments
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An unfortunate Lemma

® "No particle-physics experiment has a perfect
acceptance!”

@ obvious for detectors with gaps/holes

@ but also for "4n", especially when looking at
complicated final states
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An unfortunate Lemma

® "No particle-physics experiment has a perfect
acceptance!”

HERMES azimuthal acceptance for 2-hadron production

[P. van der Nat, Ph.D. thesis, Vrije Universiteit (2007)]
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An unfortunate Lemma

® "No particle-physics experiment has a perfect

acceptancel”
a MERE +«+* **  maybe “"21" around
| 0.4 —o- e .
.- beam axis, but not
around virtual-photon
02k 0.64 GeVic < p! < 0.77 GeVie axis, e.g., because of
lower limit on 0
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An unfortunate Lemma

® "No particle-physics experiment has a perfect
acceptance!”
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An unfortunate Lemma

® "No particle-physics experiment has a perfect
acceptance!”

@ obvious for detectors with gaps/holes

@ but also for "4n", especially when looking at
complicated final states

@ How acceptance effects are handled is one of the
essential questions in experiments!
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some typical acceptance effects

@ acceptance in kinematic variable studied, e.g., azimuthal
coverage in extraction of azimuthal moments

@ formally orthogonal modulations become correlated
through incomplete acceptance

@ simple example: acceptance ~8(¢s) cannot distinguish
between Collins, Sivers and most other SSA moments

@ acceptance in kinematic variables integrated over, e.g.,
due to limited statistics not being able to do fully
differential analysis
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a common misconception

@ “acceptance cancels in asymmetries”
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a common misconception

@ “acceptance cancels in asymmetries”

o ()
AUT(¢7Q) b 0_55227 Qi Q:ZE,y,Z,...
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a common misconception

@ “acceptance cancels in asymmetries”

o ()
Ayr(9,Q)) = ngiz’ Q; Q=z9,2,...
i O-UT(gba Q) E(Qb, Q) ; : e
— 7 ( oy Q) y ( y Q) ¢ . detection efficiency
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a common misconception

@ “acceptance cancels in asymmetries”

o ()
AUT(¢7Q) b 0_55E27 Qi Q:x,y,z,...
o O-UT(gba Q) G(Qb, Q) ; ¢ e
— 7 ( oy Q) . ( y Q) ¢ . detection efficiency
JAQayT(4,Q) e(¢,) , [dQoyr (4, Q) a2
! JdQoyy (9, Q) (¢, Q) 7 JdQ oy (4, Q) uT{9)
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a common misconception

@ “acceptance cancels in asymmetries”

o ()
AUT(¢7Q) b 0_55227 Qi Q:ZE,y,Z,...
— Zng]EZZ gg ZEZ: g; e : detection efficiency
JAQayT(4,Q) e(¢,) , [dQoyr (4, Q) a2
?é fdﬂ O-UU(¢7 Q) €(¢7 Q) # fdﬂ O-UU(¢7 Q) E UT(¢)

= g _ T = i

Acceptance does not cancel in general when integrating

' numerator and denominator over (large) ranges in kinematic
variables!

i S
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.. geometric acceptance ...

extract acceptance from Monte Carlo simulation?

6(7 Q)UUU(¢7 Q)

Gli=c 1 A

simulated acce'mnce
e.g., GEANT

\‘\\imula’red cross section
e.g., PYTHIA
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.. geometric acceptance ...

extract acceptance from Monte Carlo simulation?

e(9, Qoyu (9, )
oyu (o, 1)

JdQ oy (g, Q) (¢, Q)
JdQayu (e, Q)

€(¢, (1)

(li=ix. 1 4

"Aus Differenzen und Summen
kirzen nur die Dummen."”
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.. geometric acceptance ...

extract acceptance from Monte Carlo simulation?

e(9, Qoyu (9, )
oyu (o, 1)

JdQ oy (g, Q) (¢, Q)
JdQayu (e, )

¢ [a0d6.9) =)

€(¢, (1)

(li=ix. 1 4

—

"Aus Differenzen und Summen
kirzen nur die Dummen."”

Cross-section model does NOT CANCEL in general
when integrating numerator and denominator over
(large) ranges in kinematic variables!
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— 1D correction

(input: MC without
azimuthal modulation)

5D correction

[F. Giordano, Transversity 2008]
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.. averaging ...

often enough one has to average observables over

available phase space:
_ properly normalized for

(A(Q)), = /dﬂ AQ)E(Q)
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.. averaging ...

often enough one has to average observables over
available phase space:
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.. averaging ...

often enough one has to average observables over
available phase space:

life (of the experimentalist) simplifies if asymmetries are
weakly (i.e. not more than linearly) dependent on kinematics:

(AQ))e = A for A(Q) = Ay + A0
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Measuring azimuthal SSA

| NT(¢ bg ) Nl(qb ¢S)
A = ; |
U@ 05) = TS N (6, 65) + N (6,09
kr Py

| L _
~ sin(g+og) Y €2 T M (e, p7) Hi (2, k)
: _

e Mh

sin(6 — 65) 3 &) 7| PR f (e, ) DA (= 1)

+ ... Z[...]: convolution integral over initial (p7)

and final (k1) quark transverse momenta

= 2D Max.Likelihd. fit of to get Collins and Sivers amplitudes:
DF(2(sin(¢ £ ¢s))ur, - - -+ ¢, ¢s) = 511 + Pr(2(sin(¢ + ¢5))ur sin(o + o) +...)}
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1D vs. 2D fitting

@ limited acceptance introduces correlations to originally
orthogonal azimuthal Fourier amplitudes

= B
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1D vs. 2D fitting

@ limited acceptance introduces correlations to originally
orthogonal azimuthal Fourier amplitudes
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(see earlier slide)

gunar.schnell @ desy.de

22

choice of models

@ linear dependence kind of trivial o reproduce
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[
[ J [} :
@ need more realistic model, e.qg., <
GMCTRANS
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choice of models

@ linear dependence kind of trivial o reproduce
(see earlier slide)
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GMCTrANS - @ TMD MC generator
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Initial goals

@ physics generator for SIDIS pion production

@ include transverse-momentum dependence, in particular
simulate Collins and Sivers effects

@ be fast

@ allow comparison of input model and reconstructed
amplitudes

@ to be used with standard HERMES Monte Carlo

@ be extendable (e.g., open for new models)
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Basic workings

@ use cross section that can be calculated analytically
® do not simulate full event

@ start from 1-hadron SIDIS expressions of Mulders &
Tangerman (Nucl.Phys.B461:197-237,1996) and others

@ use Gaussian Ansatz for all transverse-momentum
dependences of.DFs and FFs

@ unpolarized DFs (as well as helicity distribution) and FFs
from fits/parametrizations (e.g., Kretzer FFs etc.)

@ “polarized” DFs and FFs either related to unpolarized ones
(e.g., saturation of Soffer bound for transversity)or some
parametrizations used
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SIDIS Cross Section incl. TMDs

doyr = dagf_}"ins sin(¢ + ¢s) + daswers sin(¢ — ¢gs)

do,ColllnS (ZL‘ > ¢ P ) il 2(12 B( ) Z e2 T _ kT f PhL . thJ_q_
Y, SyLhl) = 2 Yy q M, e8]
2% _ pPT * P ]
Slvers et 2 h_L 1lqgnag
dogr (LY, 2, 95, Ph1) = B2 A(y) Z eqL ( Mn ) - fir D1
20 2 a4 g
doyu(z,y, 2, ¢s, Pn1) = SwyzA(y) Zqu{fﬁ DJ
q
where
Y 2 2 (2) Ph
I{WfD} = | d°prd°kr o D s kT {W f(xz, pr) D(z, kT)}
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Gaussian Ansatz

@ want to deconvolve convolution integral over transverse
momenta

@ easy Ansatz: Gaussian dependences of DFs and FFs on
intrinsic (quark) transverse momentum:

R2 —R2 P}%J_
I[f1(x, pr)D1(2, 2°kg)] = f1(x) - Di(2) - —5 - €7 =2
with fi(@,p}) = fil@)= <;2>e_<5§> 1= )+ b = el
T

(similar: D1(z, 2°k7))

different notations for intrinsic transverse
momenta exist! (Here: "Amsterdam notation”)
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Positivity Constraints

@ DFs (FFs) have to fulfill various positivity constraints
(resulting cross section has to be positivel)

@ based on probability considerations one can derive
positivity limits for leading-twist functions:
Bacchetta et al., Phys. Rev. Lett. 85 (2000) 712-715

B fransversity: e.g., Soffer bound

= Sivers and Collins functions: e.g., loose bounds:

‘pT|

1
i . 1(1/2)
2M N fir(@pr) =  fir "7 (®pr) < Efl(m’p%)
. 1
| T| Hf(z,zzk%) — Hf‘(l/z)(z,zzk%) < _Dl(z,z2k%)
2 M, .
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Positivity and the Gaussian Ansatz

Drl .1 2 1 9
QMNflT(xapT) < §fl(xapT)
. 2 ]- _Pé—-
with fi(z,p7) = fi(=z) sE Al
7T<PT
-
flJf_r(wap%) - flJ'__r(w) o\ € e
(PT

3>
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Positivity and the Gaussian Ansatz

‘PT‘ 1l 9 1 2
QMNflT($7pT) S §fl($7pT)
with fi(z,p?) = fi(z) i 6_“1;2;)
o (p2.)
-
fir(z,p7) = fip(®)—— e @D
(PT

s |pr|fir(z) < My fi(x)

No (useful) solution for non-zero Sivers function!

s>
gunar.schnell @ desy.de 30 Transversity 2014 - June 12 2014 @ I &




Modify Gaussian width

2

1 . £
g P A L (1—C)(p2.)
€T = 45 e T
flT( va) f1T( ) T C)ﬂ_(p?ﬁ
=P positivity limit:
2 2
1 el act 1 BTy

2Mpy ©(1 — C){p%) g7 T (pF) :

. Ke P%*
& |pT| e 1—C (p%) S MN fi(w)
it 20 fir (@)
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SIDIS Cross Section incl. TMDs

2 2

Ja i X S i Sr|X i
zq: P )2 [ Xvu + |ST| sin(@n, — ¢s) + |ST| Xcor sin(¢n + ¢s)]

using Gaussian Ansatz for transverse-momentum
dependence of DFs and FFs:

gy = el (1 “Yiks y_) f1(x) - D1(2)
ey |Ph_l_| (1 — C)(k7) s [ P;, /=* ]
Mz [(p2) 4+ (1 — C)(k2)]” (p7) + (1 — C)(k7)

X (1—y)-hi(z)- Hi (2)

i |PhJ_| (1 _C,)<pT>  ex [ Pf%J_/Z ]
z [(k2) + (1 — C"){(p2)]” (k) + (1 — C"){p7)
y2
. (1‘“?)
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Example: Sivers (azimuthal) moments

use cross section expressions to evaluate azimuthal
moments:

VA—O)pZ) AWz eXfir/?(x)Di(z)
V(@ —C)(®2) + (K2 > w; > e2f1(z) D1 (z)
M/ L Y e2fir (x) D ()
2,/(1 — C)(pZ) + <k2> L Y e2fi(z)Dy(z)

T <Sln(¢ S ¢s)>UT o

:By

—(sin(¢ — ¢s))ur =

L B 2 2\/(1_C)<pT> (y)m; Z e fi /2 () D4 (2)
<ZMN T MnN+/T w7 2 e2fi(x)D1(2)
Pz A~ AW AT el ‘”(w)Dl(z)

_<ZMN sm(qb ¢S)>UT = — = egfl(a?)DﬂZ)

model- dependence’on transverse momenta
“swallowed" by p7 - moment of Sivers fct.: fir

gunar.schnell @ desy.de 33 Transversity 2014 - June 12" 2014 19

L (1)




Selected results

gunar.schnell @ desy.de 34 Transversity 2014 - June 12" 2014



Tuning the Gaussians in gmc_trans

x102%
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Tuning the Gaussians in gmc_trans
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Tuning the Gaussians in gmc_trans
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Tuning the Gaussians in gmc_trans

_ _ z-dependent!
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Tuning the Gaussians in gmc_trans

now: (P7, (2)) = 2° (p7) + <(z)>

0.5 I I I ‘ I I I ‘ I I I I I I ‘ I I I
I Sl R =4

#p.27° =0.144362 2° N
______ K2 = 0.422458 70536321 () /10365598

| /R
= P
V4

0.4

\, Z-dependent!

"Hashi set”

tuned to HERMES

""", . . .....1.. .1 datain acceptance
0 02  OVNEESGIGEOR 1 e

gunar.schnell @ desy.de &9 Transversity 2014 - June 12 2014 @ I &




Some rather simple models for
transversity & friends

HY(z) = 0.65 Dy a0 (2)

1,fav

Hi ) (2) = =1.30 - Dy gis(2)

GRSV for PDFs and Kretzer FF for D1

>
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Generated vs. extracted amplitudes
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Generated vs. extracted amplitudes

= 0.1 hic
;\i Fdit - extracted: - implemented: ;.\i iy | :
< E " e rec. events |[ —rec. events < B | i
? | O gen. events || --- gen. everlﬂs ? I o T— S Y : """"
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0,05 | L
_0_]_ ............. FiE [y i M e L L o e
. 01 02 03 02505075 1 0.5 1
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Extraction method works welll
9
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Extraction of weighted moments

g= e 3 [
RO 20.05 -0 - -
L 0.1 & = | L -
i 4 i
= = il =N
cpme'§ 1 L SRl | i ol
Si0.05 | I E : T 0 | ol
o b i S |
N | I i, ! N - | ‘ ‘
i |
' | 0.05 B op |
02 B AT ™D A T Bl
Rl 2 =t
S 04| s ﬁ
= i e
- = - :
o o Tl %:
& L N - — | Sl
0
NNl SR e L S
0.1 0.2 03 025050.75 1 0.5 1 . . . 1 0.5 1
X z P, (GeV) X z P, (GeV)

Not so good news for weighted moments!
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further improvement of the models

@ DSS FFs and modified Anselmino et al. Sivers fit:

-
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=~ = = C O data
£ PN gl | o
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.\l%/ :.[:]i:l h r F F r m .D
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= —""lrrﬂ——*————*4]————!’———'———%———5# e G
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% 02 (X - -
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T e - W oBF m b
v L om W b L u| B | ‘1’
alaEae L LA
/5 ;Kl- ] ] ] ; |
2 01 F - -
< - ¢.p - g SRk +
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0.1 F £ L
| | e 1 ke
0 0.2 0.2 0.4 0.6 0.5 1
X z P,, [GeV]
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further improvement of the models

@ DSS FFs and modified Anselmino et al. Sivers fit:

= =
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@ could in principle be used for systematics, but ...
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missing items in GMCrrans

@ not so good model for transversity & Collins FF

@ missing models for other single- and double-spin
asymmetries

® no azimuthal modulations of unpolarized cross section
@ no radiative corrections

@ no full event generation (missing track multiplicities and
correlations etc.)
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"polarize” PYTHIA
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alternative: "reshuffling” PYTHIA events

@ use model for azimuthal distribution to introduce spin
dependence in PYTHIA

@ throw random number p and assign spin state up if, e.g.,

1 . in (¢ — : i : i
0 < 5(1+s1n(¢—¢5)3i1f(¢ ¢S)’h+s1n(¢+¢5)ilf(¢+¢5)’h—|—s1n(¢5Eilf(%)’h)

parametrization of azimuthal dependences
(extracted, e.g., from real data)
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Parametrization of azimuthal dependence

@ fully differential model extracted in M.L. fit to data with PDF

L — S1 Jh
( Q 7z, ‘Phﬂ 3 q)S’_‘;l;lﬁb ds), 75;1;(¢+¢5) )

—1—|—SJ_ (sm(¢ ¢S):;l;(¢ Ps).h —|—sm(¢—|-¢5):§;(¢+¢5) )

=sin(¢x9s),h _  =sin(9=x¢s),h =sin(¢+¢s),h
=00k, Q + By Z +
Fn (9209 g MR s (¢::0s), 02 "
:;izft§¢i¢s)ahzl2 i :;iznjg(g(pi%)jh ’PhL ’/2 i
:;izn’%q)i%;’hxlzl i :;iZIl,égi%i,h /|P |/ i
—sin(¢pL£0s),h / —sin(¢t0s),h /3
A | ERal,
228 T —22.14 T
ST P, | - =P, 4
=R 2 P+ BRI
A S T (- S T
S Pl + B

gunar.schnell @ desy.de



2 (sin(p+de))y, 2 (SiN(p+dg))y, 2 (SiN(p+dg))y, 2 (SiN(o+dg))y, 2 (SIN(O+dg))y,

gunar.schnell @ desy.de

Description of data
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2 (sin(¢-dg))y, 2 (SiN(¢-0g))y, 2 (Sin(o-0g))y,

2 (sin(¢-dg))y, 2 (sin(¢-¢g))y,
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[M. Diefenthaler, Ph.D. thesis]
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Evaluation of detector effects

[M. Diefenthaler, Ph.D. thesis]

5 04f =
2 : 2 : : : ;
L 0.05 L 0.05 L . B
= i = r i -
\m/ O_ \(D/ 0' B
5 0.05 7 5 0.05F 7
& B & [
S of > O
£ : = i
G . 7 E
= -0.05 ~ -0.05}
B 50.15 58—
2 01} 2 01}
£ 0.05] E 0.05
&L 0F < 0t
(9] - N :
_-0.05F. .. -0.05]._ .~
= 0.1¢ = 01
& : e :
= 0'055 < 0.05E
g U E o
o~ -0.05F : o~ -0.05F E =
10'1 04 0.6 0.5 1 10'1 04 0.6 0.5 1
X z P, [GeV] X z P, [GeV]

@ differences include effects from internal and external radiative effects,
acceptance, PID, (mis)alignment eftc.

@ in further step "smoothed” to reduce statistical fluctuations
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some Pro&Cons of “reshuffling"

@ whole event topology and correlations available
@ flexible

@ applicable also to cases where no guidance from theory
available on shape/magnitude of modulations
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|

some Pro&Cons of "reshuffling’

@ whole event topology and correlations available

@ flexible

@ applicable also to cases where no guidance from theory
available on shape/magnitude of modulations

@ need parametrization
if from real data, where to stop Taylor (or other)
expansion?

@ large uncertainties on (some) parameters can introduce
large spurious effects in systematics calculation

@ relies on good description of unpolarized cross section in

Monte Carlo
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Another example: Ayt in
inclusive hadron production

ep! = ot + X ep! = +X ep! - K" +X ep! = K +X
£ E @ Inclusive - F f 0.30 <x_<0.55
T 02} : ;— b
0.1 = ® @ ] ] ® -
0 @@--.@.@.@---@_-_ %@@@_@@@@@©@$ _____ _____%@@@_@
-0.1 |
il B ) . R 020 <x<0a [PLB 728 (2014) 183]
0.1f 5— : :
® z ® : ®©@®
o b __C?_@_@@_Q)__ %@@@ 5 @___@ _____ & _-_$__ %@©©®__C+l _____
it i RS T @ s @
E A S e O T oE Bt R
02 : : :
0.1F f f f
: M@@_@_@@?f : ;@é@@@@@@_ ________
01F : : :
02; """"""""""" Tmeenn
01 f
0 E ____@_C?)_@_é ________ @@_ ___________
0.1 F : @

P [GeV]
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Another example: Ayt in
inclusive hadron production

ep! = ot + X ep! = +X ep! - K" +X ep! = K +X

=S N [ [ N
55 IR : ; - 0.30 <X, <0.55
< 02 - - F

0 [PLB 728 (2014) 183]

0.2 f
0.4 f
of
0.1 f

0.2 |
0.1}
o}
0.1}

2
p_ [GeV]
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Another example: Ayt in
inclusive hadron production

ep! = ot + X ep! = +X ep! - K" +X ep! = K +X
% 5 g ® Inclusive 0.30 <x_<0.55
< 02 - & -

o1

Sk : 3 0 [PLB 728 (2014) 183]
0
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0.2 f
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01

P [GeV] -'
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Another example: Ayt in
inclusive hadron production

ep! = at+ X ep! =+ X ep' - K" +X ep' = K +X
> C [ [ [
€ = C @ Inclusive (MC) X - b 0.30 <x.<0.55
n D - B B
< 0.2 :— C C _
0.1 f— E - ° 1 :
= o 3 5
____9?.‘t.’. g Y e ¢ .“\i_?( !
0 L i i g e BN FPord dadaitialateia T T T $0- T e § "]
@
-01 | = - C :
..... e e o e e e ey
- . : - 0.20 <x.<0.30
0.2 | -~ - 5

o1 | L ST input model
0 f_ PN o ?:._ = _.: _f _\_._‘;g _________ _ ...“_.__._._.:_.:_‘é _________ _ o _._ _______ \? :‘_‘_\_\ -1 | 090000 0. o-& _________| P

o1} 5- eh (fit to data)

O S (ORI RaSID = D s 1 15 2 QEGRST 152 (S sl DR 2
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Another example: Ayt in
inclusive hadron production

small detector effects in fully differential analysis

52

ep! = at+ X ep! =+ X ep' - K" +X ep' = K +X
® Inclusive (MC) 0.30 <x_<0.55
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0.1f
of-
01 F

Another example: Ayt in
inclusive hadron production

ep! = a +X

ep! = K" +X

ep' =K +X

1.00 < P, < 2.20

SeP—

. ] . . . ] . . .
0.66 < P, < 1.00

0.33< P, < 0.66

L | L L L | L L
0.00 < P, < 0.33

|

________ o]

small detector effects in fully differential analysis
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Another example: Ayt in
inclusive hadron production

=

z -

'«7:<'5 - e pl >at+ X - e p' =K'+ X e p! —nt + X
0217 | inclusive (MC) =

- e*p' =K'+X
e inclusive (MC)

II15 II2I Ll

BN I TR R R Y-S A X W v
p e
strong klnema’rlc dependence can

lead to large systematic effects if
infegrated over

54

not so small detector effecTs in 1D analysjs,
gunar.schnell @ desy.de
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similar problematics: di-hadron Ayt

@ many kinematic variables needed to describe process

NTW(@ry, 5,0, Mrr) /dmddedQPhJ_E(xayaZaPhJ_7¢RJ_7¢SaQaM7m) X

X OUt()) (SB, Y, 2, Pn1,PRr1,Ps, 0, M7T7T)?
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similar problematics: di-hadron Ay~

@ many kinematic variables needed to describe process

NTW(pry, ds,0, Mrr) o /dmdydzdzPhJ_é(%y,Z,PhJ_,¢RL>¢S,9,Mm) X
X UUT(U(SU,?J,Z,PhJ_,¢RJ_,¢S,(9,M7T7T),

@ at least for one of them strong dependence expected:

[A. Bacchetta and M. Radici, Phys. Rev. D74 (2006) 114007]

0.2

sin(¢pr+¢s)
AUT R S

gunar.schnell @ desy.de



define your measurement wisely!
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define your measurement wisely!

= L2 0
2 0.06 £ :p
i '3 |
£ | 2 ‘
.75’40'047: |
e i It
0025 e + + + * *
= |
HE }
HESSRRIE) o e
— e Lo nnflfnnall nnallnns
A~ [ T _~ — * ] A~
X L 3 N > * 1 X
~008fF " O RS - . 0712 5 5 1 0.08~
E 0.5 = = E
0.07 b = = 3 A A 0.65*:*/\ u *M_ - 0.07
j A 0.45} A F a3 AZJUE:
0.06 * Aa 04,, A 0.6*:*\2/ = X E0.0G
ST TR P TN FUTEEETET FETETET S A S (A sr | | P
02 04 06 038 1 0.05 0.1 0.15 0.2 0.4 0.6 0.8
M_[GeV] X z

"possible sources of systematic uncertainties have been examined:
the difference in the modulation amplitude of interest extracted

as done for real data in the experimental acceptance and similarly
in 41 acceptance” [THEP 06 (2008) 017]

read the fineprint
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define your measurement wisely!

= L2 0
2 0.06 j‘% :p
% % [
£ | 2 ‘
.75’40'047: |
e i It
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= |
o }
ARSI O e
Lo Ll nsoidh Lo Lo Lo SN S AN T, Ll AT
A~ [ T _~ T el * ] A~
X i 4 N 1> * ; X
~008fF " O RS - . o7}® 5 5 1 0.08~
E 0.5 = = E
0.07 b = = 3 A A 0.65*:*/\ u *M_ - 0.07
j A 0.45} A F a3 AZJUE:
0.06 * Aa 041 A 0.6*:*\2/ = X E0.0G
ST TR PN FUTEEEEEE FEUT TR S R B (e S S S | S S S
0.2 0.4 0.6 0.8 1 0.05 0.1 0.15 0.2 0.4 0.6 0.8
M_[GeV] X z

@ when plotting data points they can be interpreted as
asymmetry

@ at the average kinematics given

@ integrated over kinematic ranges of bin
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define your measurement wisely!

% 0.06 g "
:32'?40.042
S e J + +
0.02 B 1 3
0;r+4+ fffff ++ fffffffffff - + } fffffffff v
e N e - SR T
| i 0.5} s 1S, - :
0.07 | ; g i . 0.65 . «M_ | 0.07
006 04f 4 o.sg;\sj i +% o006
02 04 06 08 1 005 01 015 02 04 06 08
M_[GeV] X z
@ when plotting data points they can be interpreted as
asymmetry

@ at the average kinematics given
@ integrated over kinematic ranges of bin

@ results in different systematics -> ideally select the one
with smallest systematics
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back to di-hadron production

0.25
= F e average kinematics -
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back to di-hadron production
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= F e average kinematics o
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@ asymmeftries at
average
kinematics
-> large effects
with strong model
dependence

infegrated over
kinematic range
-> still large
effects but less
model dependent




Unpolarized SIDIS
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SIDIS cross section

- 1 r {Fyur+ €F
X | €
alxdyalza@hCZP}%L 9 UU,T Ui

toy/2e(1— €)F5 %" cos gy, + €Fo5 2" cos 20, )
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SIDIS cross section

hadron multiplicity:
normalize to inclusive DIS

cross section = d*M"(z,y, z, P?)) L v\ Fyur + €Fuu.L
2 _incl.DIS | dxdydzdP? | 2 Fr + €eFy,
i - T
>, €2 fi(,p%) ® DI7"(z, K3)
| Yime: il
Ao v?
¢ |l s IQigok: - -
drdydzdpndP? | ¥ { ’ |

toy/2e(1— €)F5 %" cos gy, + €Fo5 2" cos 20, )
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SIDIS cross section

hadron multiplicity:
normalize to inclusive DIS

cross section .18 d*M"™(z,y, 2, 24 = <1 A 72> o i € Hun
: | dxdydzdP? Vs Fr + eF
2 _incl.DIS Yy Jo.. i L
- ot cFy
e it paic Dime 2 )
e @)
d° o 72
ee |l Jla oy 1ot it
drdydzdpndP? | ¥ { | ’

toy/2e(1— €)F5 %" cos gy, + €Fo5 2" cos 20, )

2(cos 20\l 21 2Pr08 2040 Fig ™
moments: ' ] f dthda FUU,T = GFUU,L
. : D i 2 L,g—h 2
normalize to azimuth- 5 Zq €4 hi " (z, p7) ®BM HJ (2, K1)
independent cross-section A Zq €2 fi(z,p2) ® Dflg—m(Z’ K2)
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.. event migration ...

<0.2]

3]s
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X g j-bin)

.. event migration ...

) 200 I D 10000 g 12
5 -~ .;' I o
T ¥ s R
3 s R s =10 |
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S -
oo P -f L \ l \ o o L ‘ ‘ ‘ ‘ ‘
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Born bins Born bins

- migration correlates yields in different bins
- can't be corrected properly in bin-by-bin approach
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. event migration -> unfolding

N

YerD () S;; / 00 do(Q) + B(O)

J J
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.. event migration -> unfolding

j=1 ~%

@ experimental yield in i™ bin dep o all Born bins j ...

s>
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.. event migration -> unfolding

@ experimental yield in i™ bin depends on all Born bins j ...

@ .. and on BG entering kinematic range from outside region
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. event migration -> unfolding

yeXp Z /dQ dO’ ) il B(QZ)

@ experimental yield in i™ bin depends on all Born bins j ...
@ .. and on BG entering kinematic range from outside region
@ smearing matrix Sij embeds information on migration

@ determined from Monte Carlo - independent of physics model in

limit of infinitesimally small bins and/or flat acceptance/cross-
section in every bin

@ in real life: dependence on BG and physics model due to finite
bin sizes
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. event migration -> unfolding

VG 6 Z Sl /dQ fla () =B,

=1 J
@ experimental yield in i™ bin depends on all Born bins j ...

@ .. and on BG entering kinematic range from outside region
@ smearing matrix Sij embeds information on migration

@ determined from Monte Carlo - independent of physics model in

limit of infinitesimally small bins and/or flat acceptance/cross-
section in every bin

@ in real life: dependence on BG and physics model due to finite
bin sizes

@ inversion of relation gives Born cross section from measured yields
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Multi-D vs. 1D unfolding at work

[S.J. Joosten, PhD thesis UTUC (2013)]

2 ' ] Neglecting to unfold in z
= 0. 150 —
2 G |  changes x dependence
=) ([ ] — °
= R _dramatically
% = 1D unfolding clearly
e i insufficient
[ e 3D unfolded (default) :
= 1D unfolded
0 e s gt e 5 e o 5 e e e oy e Lo
10 x,;
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Multi-D vs. 1D unfolding at work

[S.J. Joosten, PhD thesis UTUC (2013)]

g I ' 7 Neglecting to unfold in z

£ S |  changes x dependence
= » N | dramatically
% = 1D unfolding clearly
e i insufficient
: Dungidea ® T -
I . 1 even though only interested

: 2 -1 in collinear observable,

107 x, need to carefully consider

transverse d.o.f.

gunar.schnell @ desy.de 62 Transversity 2014 - June 12" 2014



Multi-D vs. 1D unfolding at work

R YTe simulated yield with clear
1500 cosine modulations from
1000 17 migration and acceptance
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Multi-D vs. 1D unfolding at work

Z
x 10=| MC
1500
1000 =7
n
500
- 0.078< x <0.145
| | |
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G
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=== [nside acceptance

—~———= Generated in 47
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m Model

simulated yield with clear

cosine modulations from
migration and acceptance
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summary

@ acceptance plays crucial part, especially in analysis of multi-particle final
states, and that even for asymmetries

@ acceptance studies and/or corrections (e.g., unfolding) require realistic
Monte Carlo simulation of underlying physics

@ GMCrrans provides reasonably realistic description of Collins and Sivers
amplitudes for pions and kaons based on Gaussian Ansatz

@ reshuffling PYTHIA events, guided by, e.g., real data, provides a powerful
tool to study systematics

@ still relies on good description of unpolarized cross section

@ make a careful choice of how data points are to be interpreted (at average
kinematics or average over kinematic range)

@ evaluate systematics accordingly
@ fully differential analyses clearly preferred, though more challenging

@ need realistic MC for reliable corrections/systematics
A A
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summary

@ acceptance plays crucial part, especially in analysis of multi-particle final
states, and that even for asymmetries

@ acceptance studies and/or corrections (e.g., unfolding) require realistic
Monte Carlo simulation of underlying physics

@ GMCrrans provides reasonably realistic description of Collins and Sivers
amplitudes for pions and kaons based on Gaussian Ansatz

@ reshuffling PYTHIA events, guided by, e.g., real data, provides a powerful
tool to study systematics

@ still relies on good description of unpolarized cross section

@ make a careful choice of how data points are to be interpreted (at average
kinematics or average over kinematic range)

@ evaluate systematics accordingly
@ fully differential analyses clearly preferred, though more challenging

@ need realistic MC for reliable corrections/systematics -> discussion
g
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