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What happens in a High Energy Collision?
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HADRONS
are formed, in

lll ETSII
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Confinement at Work!
Creation of hadrons from the struck quark: the fragmentation process
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Semi-Inclusive Deep-Inelastic Scattering (SIDIS)

@ A hadron h is detected in coincidence with the scattered lepton:

Factorization of the cross section

incoming lepton scattered lepton

dol qug flx)®6® Dg(z)

semi-inclusive

hadrons

target remnant
target nucleon
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» Cross section for the hard
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Semi-Inclusive Deep-Inelastic Scattering (SIDIS)

@ A hadron h is detected in coincidence with the scattered lepton:

Factorization of the cross section

incoming lepton scattered lepton

h 2 ¢q ~ h
o do” oc Lqe, f1(x) ® 6 ® Dg(2)
semi-inclusive
hadrons

o Perturbative
» Cross section for the hard
photon-quark subprocess
» Asymptitic freedom, can
calculate!

target remnant

target nucleon

@ Parton Distribution Function

» Momentum distribution of a
quark g within the proton
> In principle Calculable (lattice!)
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Semi-Inclusive Deep-Inelastic Scattering (SIDIS)

@ A hadron h is detected in coincidence with the scattered lepton:

Factorization of the cross section

incoming lepton scattered lepton
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hadrons

@ Perturbative
» Cross section for the hard
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target remnant

target nucleon calculate!
@ Parton Distribution Function @ Fragmentation Function
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pr < Universal! — |
quark g within the ; hadrons h formed from g
> In principle Calculable (lattice!) » Not calculable...
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Scaling, evolution and factorization scale

incoming lepton scattered lepton @ Naive Quark Parton Model:
» Scattering off free point-like
quark
semiinclusive » Expect no dependence of

proton structure on photon
virtuality Q7 (i.e. scaling)

target remnant
target nucleon
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Scaling, evolution and factorization scale

HERA F. .
T — ’ @ Naive Quark Parton Model:
h% .""/ x=0.000l61_ == ZEUS NLO QCD fit . . .
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Scaling, evolution and factorization scale

@ Naive Quark Parton Model:

» Scattering off free point-like
quark

» Expect no dependence of
proton structure on photon
virtuality Q7 (i.e. scaling)

b o
,/_ /AN%W\ _\ @ BUT: Scaling violation!

., - w - @ QCD evolution:

» PDFs depend on
/ \ 6 \ factorization scale p ~ Q
- - - - > 1 separates structure from
dynamics
» Observables independent of

1. — evolution equations for
PDFs (DGLAP)
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Limits of factorization: QCD

Complications arise when the hard scale Q is not really hard
(towards Q ~ M)

Mass effects
Higher order terms in as become larger
Initial- and final-state interactions start to play a larger role

Higher twist terms in become larger

Only break factorization if not properly taken into account

o Simple interpretation through intuitive QPM-like LO factoriziation

not possible anymore
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Limits of factorization: SIDIS

@ Clear separation of current and target “jet” seems to be needed...

Factorization of the cross section

incoming lepton scattered lepton

h 2¢cq A h

o do" x Lqe;f](x) ® 6 ® Dg(2)

semi-inclusive
hadrons

° D'c‘| only depends on the
struck quark.
> Independent of target and
process
» Only depends on fractional
hadron momentum z = Py /v.

target remnant

target nucleon
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Limits of factorization: SIDIS

@ Clear separation of current and target “jet” seems to be needed...

o Jet FWHM: 2 units of

EMC, PR162 (1988) rapidity
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Limits of factorization: SIDIS

@ Clear separation of current and target “jet” seems to be needed...

E665, ZPC (1993) o Jet FWHM: 2 units of
oly?) " e rapidity y.
<W< 14 GeV R H H H
20p @) BMEIC @ Lower rapidity limit required
b ' -Q200 1 .
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Limits of factorization: SIDIS

@ Clear separation of current and target “jet” seems to be needed...

z

W= 5GeV W=20Gev | *
, 0.001 0.001
current jet target jet current jet i
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Mulders, AIP Conf.Proc. 588 (2001) 75-88

@ Full separation: need 4 units of rapidity between jets
@ This requires:

» Lower limit in W (invariant mass of the y*p system)

» y" =1In(2P"/M") — also lower limit in z
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The HERMES Experiment

Q2 [GeV]]

y_rELocLaurs — TRIGGER HODOSGOPE H1

DRIFT CHAMBERS JEp—

Xg
27.6 GeV HERA e® beam
@ Forward spectrometer
» Pure H and D atomic gas target
— » Clean lepton-hadron identification
= ovln » Very good m — K separation with RICH
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HERMES as a measure of future challenges

SOLID CLAS12 HERMES
@ (GeVic) $ i
8 12GeV SoLiD forward 0 s
g L
a
. y ©
L . . P
02 04 06 | i ,
Epeam = 12 GeV Epeam = 12 GeV Epeam = 27.6 GeV
Vs =4.9 GeV Vs =4.9 GeV /s =7.43 GeV
2 GeV < W < 4.8 GeV 2 GeV < W < 4.8 GeV 3.2 GeV < W < 7.43 GeV

® Wyax = /s
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HERMES as a measure of future challenges

SOLID

CLAS12

8 12GeV SoLID forward
12 GeV SoLID large angl

I 6GeV Transversity

02 04 06

Ebeam =12 GeV
Vs =4.9 GeV

2 GeV < W < 4.8 GeV

® Wyax = /s

o Berger criterion:

Ebeam =12 GeV
Vs =4.9 GeV

2 GeV < W < 4.8 GeV

» Full separation for y/!_ =4
> yh o~ In(W/M) =4

» form: W > 7.6 GeV

» for K: W > 27 GeV

Sylvester J. Joosten (HERMES, lllinois)

SIDIS at HERMES

o (GeV]

HERMES

Ebeam = 27.6 GeV
/s =7.43 GeV

3.2 GeV < W < 7.43 GeV

@ Problematic!?!
» But...

Factorization seems
to work for
HERMES?

April 23, 2013 9 /41



Factorization and precocious scaling

Precocious scaling

Factorized QCD appears to be working in energy regimes down to
Q@ ~ M... and for SIDIS far below the Berger treshold...

HERMES, PRL81 (1998)
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@ Independent of z

o Simple QPM-like
factorization holds at
HERMES

o Caveat:

» Model dependent extraction,
depends on FFs, isospin
symmetry, ...

» Low statistics

» Can we do better?

SIDIS at HERMES April 23, 2013 10 / 41



Section 2

Multiplicity analysis: Experimental
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SIDIS Multiplicities: New HERMES Results

(*] FINAL JUST RELEASED| A. Airapetian et al, Phys. Rev. D (2013) (in press)
@ High statistics
@ 3D analysis (x(Q?),z, Pp1)
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SIDIS Multiplicities: New HERMES Results

>
>
>
>
>

>

FINAL JUST RELEASED| A. Airapetian et al, Phys. Rev. D (2013) (in press)
High statistics
3D analysis (x(Q?), z, Pn1)

sophisticated analysis required:

Corrections for trigger inefficiencies

Charge-symmetric background correction

RICH unfolding

Correction for exclusive vector mesons (optional)
Multidimensional smearing-unfolding for radiative effects, limited
acceptance and detector smearing

Final results corrected to 4w Born (single-photon exchange).

o Systematics dominated

>

Highly correlated, challenge to properly estimate and understand
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Exclusive vector meson contamination

e Diffractive p° and ¢
contaminate the SIDIS
m and K sample

@ Correction obtained
from tuned PYTHIA

» Applied at the fully
differential level
» Most of the
correction canceled
| | | by the corresponding
04l o4 E@proton | | . . .
| | | Cldeuteron | inclusive correction
| » systematic < 1%

vm fraction

oz | T ] @ results available both

with and without this
correction

z @ This presentation: with VM correction
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Smearing-unfolding in SIDIS

@ A raw measurement does not give experiment-independent
information:

» Usually not known if any radiative effects occured (eg. ISR and FSR)
» Detector has less than full 47 coverage
» Detector has a finite resolution

Relation between true and measured quantities

M [ dX Joing @Y ' dYF(Y)p(Y|Y)A(Y)M(Y|X)

Vi = Lot JZ_; fbinj ayYe(y) M+ Bi
) Physics distribution f

Background from outside the acceptance 3
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Smearing-unfolding in SIDIS

Relation between true and measured quantities

v fbinidX fbinj dyfd?f(Y)P(WY)A(?)M(WX) _

Vi = [tot Z K+ Gi
= fbinj dYf(Y)

@ Has the shape of a matrix equation

M
vi=> Sypi+ i

Jj=1
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Smearing-unfolding in SIDIS

Relation between true and measured quantities

v fbinidX fbinj dyfd?f(Y)P(WY)A(?)M(WX) _

Vi = ot Z fbinj dYF(Y) nj +

J=1

@ Has the shape of a matrix equation
@ Smearing matrix S is calculated using two MC simulations

@ Solve for true data by simple matrix inversion

M
K= Z 5j71(Vi — i)
i—1
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Smearing-unfolding in SIDIS

Relation between true and measured quantities

v fbinidX fbinj dyfd?f(Y)P(WY)A(?)M(WX) _

Vi = [ltot Z i + Bi
= fbinj dYf(Y)

@ Smearing matrix S is calculated using two MC simulations
o Completely model-independent if either:
» Acceptance function A is flat within each bin
» Distribution f is flat within each bin
o If this is not the case, a reasonable (better than 10% level) model
for f is required
@ This analysis: systematic uncertainty from the 1o contour in MC
parameter space

Sylvester J. Joosten (HERMES, lllinois) SIDIS at HERMES April 23, 2013 14 / 41



Importance of a multidimensional approach

@ Neglecting to unfold in z
changes the x dependence

e 3D unfolded (default)
< 1D unfolded
4 1D unfolded & P > 2

. R
Soss |- 5 dramatically.
= v 1
3 : . .. ] @ The momentum cut has a
X o4l T s g % 5 similar effect.

0.05 ; ;

107

x
L1

3D vs 1D (and P cut)
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Importance of a multidimensional approach

Multiplicity

=]
3
T

0.15

0.1

0.05

T T
‘2e H
4 f : 1 ey .
Trrea?
T T
K*} K
e 3D unfolded (default)
T @ 1D unfolded
* ° 4 1D unfolded & P > 2
IR R

b
2
222 2e,

Sylvester J. Joosten (HERMES, lllinois)

10"

10"

3D vs 1D (and P cut)

Xg

SIDIS at HERMES

@ Neglecting to unfold in z
changes the x dependence

dramatically.

@ The momentum cut has a
similar effect.
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Unfolding and MC Model Systematic

@ Caused by finite bin width.
e Estimate:
» Vary the LUND MC tune
over its 1o contour.
» Unfold with each of the 1o
tunes.
» Compare final multiplicities.
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Unfolding and MC Model Systematic

@ Caused by finite bin width.

S sk 02<7<03 w1 =] o Estimate:
o bbby bl > Vary the LUND MC tune
@ G o tunes  MEsystematic | over its 1o contour.

osf 00 <70 E » Unfold with each of the 1o

N tunes.
» Compare final multiplicities.
» Generally ~ 2 — 3%.

06<2<08

0.05 + . N El

; 7mmwimmi

0.05F I [l E
05 1 05 1
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Systematics breakdown

@ Dominant contributions to the systematic:

@ cos N¢ modulations

- ! ! , T
= | + !
S | Il Cos(N ¢) T ] I RICH T
% 2 o EEMC model 1 mmtime dep. B o MC Model
£ [— T
: i e RICH
1+ & T+ B
r =] -
= | ————— @ time dependence
a
0— =] o a 5] .
[ Em—— =
| 1 1 = 1 1 1
03l K"t proton K]
=] O deuteron
—-
02} + 1
- o
01l N F ]
o =]
0 : f.E.m
e N e
L L L L L L L L
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
z
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Systematics breakdown

@ Dominant contributions to the systematic:

2 ,[02<2<03 e ]
o f oo
= r 0 i
S of B R — ]
= [T 4 5] o
3 ofF o a g--J
= ]
o 08204 a1, cos(N ¢) B 2, MC model]
3] B ]
] E m. )
1F04<2<06 TEN3.RICH  mm4. time dep. ]
E =] N =l - =t
[ e + = B B
F o o o
of o u] o a
04[-06<z<0.8 T proton ' 1
O _deuteron
= Bl
02f + 0o 9
[a] = U0 —
=] a
0 E .
05 1 05 1
P, [GeV]
Sylvester J. Joosten (HERMES, lllinois)

SIDIS at HERMES

@ cos N¢ modulations
o MC Model
e RICH

@ time dependence
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Systematics breakdown

o Systematics dominated! Even without the 2006-2007 data!

> T . C T ]
..5 450.2<DZ<D0.3 plaans ] Ew g.%<5<ﬂ03 Al Wi o, T
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2 2f = 4 o e 1 - s
= to o = T o %) 3
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E ] 10 = E
o[ 03 <: <D°'4 —fmm 1. cos(N ¢) Bl 2. MC modeH °OF 0.3D<Dz< 0.4 E
E - E: i [O,e9e® g0 i :5! L 5
=] ° e 2 o.g o 7}
1E 5 + - — B 1k 8 E 83
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Section 3

Providing the data

A. Airapetian et al, Phys. Rev. D (2013) (in press)
arXiv:1212.5407v1 [hep-ex]

http://www-hermes.desy.de/multiplicities
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http://www-hermes.desy.de/multiplicities

Providing the data: the multiplicity website

@ Provides all datafiles and
available figures.

Multiplicity Downloade

e Multiplicities (differential and
The HERMES multplicites of charged . . . .
’A /) from semi-inclusive DIS on the proton IN various prOJeCtlonS)

represent a unique high-precision mult

set that will significantly enhance our t Asym metries a nd ratiOS

the fragmentation of quarks into final-¢

%e\rm,es The full data set consists of a large an ° Both With and WithOUt the
due to the multitude of binnings and pi

S correction for exclusive vector
This is a placeholder for the full Journal reference. mesons

Read Publication » Preprint » Download All Data » .
@ Proper handling of the

correlated systematics

ta
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http://www-hermes.desy.de/multiplicities

@ Browse the data files
[ e e e

10 1120 | 2130 3140 4150 5158
#  What Target  Option Binning
21 Multpicties  Proton VM Sublracted Q9/2:6/Ph

@ Use filters for intuitive file
selection

- Tamget Al

& What A Binning Projection

1 Mulipiciies  Profon VM Sublracted x2/210/PhL:5

@ Download the final results

=2 e B
his |
s voupets | |
his vewpets | |
. Covaanca Mok

Sylvester J. Joosten (HERMES, lllinois)

SIDIS at HERMES

@ View and download available
figures

x2/z10/PhLS 2 viewpot- | [

April 23, 2013 20 / 41


http://www-hermes.desy.de/multiplicities

Sylvester J. Joosten (HERMES, lllinois)

@ Understand what version of the

data you have.

File name structure

hernes. (TARGET. JBIHNING. (PROJECTION. JOPTION. WHAT. List..gz

TARGET : Ether proton or deuteron . Bank in case of the target asymmeties.

BINMING : Canbe 2-30 . 2pt-30, 202-30 2x-30 or 2xpt-30 . The binning codes are defined below in
PROJECTION : Bark in case of the 8D data without projecton, or VARIABLE-proj for projected data. For exa
projection versus z,or  2x-proj for a 2D projection versus x i z sces.

OPTION : Results with the vector meson contrbution sublracted are abelled vmsub ,rosults wihout hi correc

AT

© Multipicty fes are labelled mults_PARTICLE (for example: mults piplus ).

© The covariance malrices for the muticilies are abeled covmat_nults

© Target asymmelry fles are labelled asym_ PARTICLE (for examplo: asymm piplus )
© The covariance matrces fo the target asymmetries are labelled covmat_asymm

@ Get an overview of what is

available.

Binning
The smearing-ufokding method o correc for QED radiative efects, mited geomelri ace

minimum granularit in all variables, allowing us to pursuit five different specialized binning
be accomodated

High resolution in z.
High resolution in Py, with 2 slices.
High resolution in x with 2 and Py, slces.

SIDIS at HERMES

http://www-hermes.desy.de/multiplicities

@ Detailed description of the

different binnings.

High resolution in z

« Name: 230
« Profile: x:2/2:10/Py.:5

« Usefor: 2 bining |
« Edges:
Variable Edges
2 [Gev? >t
x 0023008506
z 01-015-02-025-03-04-05-06-07-08-1.1
PGV 00-01-03-045-06-12

High resolution in Py, with z slices

« Name: zpt-30

« Profile: x:2/2:6/ P9

= Use for: The projecton versus Py, The projection versus 2 and Py... and for analys

« Edges:
Varisble Edges
Q2 [Geve) >1
x 0023-0085-05
2 01-02-03-04-08-08-1.1
[ 00-01-02-03-04-05-06-07-08-12

High resolution in x with z slices
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Section 4

The final HERMES multiplicities

A little sampler.
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Mul

Multiplicity

03

0.2

0.1

Sylvester J.

tiplicities:

Projected vs z

e proton
O deuteron

Joosten (HERMES, lllinois)

SIDIS at HERMES

u-quark dominance.

deuteron has less
u-quarks.

K~ pure sea object

(so).

systematic
uncertainties between
particles/targets
correlated.

Asymmetries and
ratios increase
precision even further.

April 23, 2013 23 /41



One dimensional comparison with LO predictions

Multiplicity

-
e

102

e proton

f — CTEQ6L/DSS

--- CTEQ6L/HKNS

- CTEQ6L/Kretzer

----HERMES LEPTO/JETSET
| R S S A S |

0.2

0.4

0.6

Lol
0.8 0.2 0.4 0.6 0.8
z

Sylvester J. Joosten (HERMES, lllinois) SIDIS at HERMES

Good agreement
CTEQ6+DSS for 7+
and K up to medium
z.

CTEQ6+Kretzer
performs well for pions.
Larger deviations for m~
and K.

Room for improvement
at high z, and in the
disfavored sector.

DSS, de Florian et al, PRD 75 (2007)
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Input for the next generation of FFs

> af Ea 3 2 06F - g
= 02<2<03 + -1 = 02<2<03 + -
2 2f T T 15 0af K1 K]
<% Te 0 0c0ee o a4 -3 B!
= 1 E3 EE=he feo20e%0 o  °
3 0 =]
= — =
15F03<2<04 + E E
1 W = 3 3
E [0 eeeees g g
051 3 E e o o 7
oF
06 04<2<06 E E ]
e e esec00 0. .. ..@O. .
0.4F 7% E E
025 + E
E re—o-s8e0e o o
(5
06<2<08 ' o proton ' o proton q
03¢ 1 —CTEQ6L/DSS ] —CTEQ6L/DSS
0.2f® ®e%e0s o . E3 CTEQ6L/KRETZER | o5 I CTEQ6L/KRETZER |
[eoocece o o X
0.1¢ W-Lu_w\..\. E
LK)
0 0
10 5 10 10 5 1%
Q [GeVz] Q° [GeV7]

o CTEQ6L+DSS perform very well up to medium z.

o Larger discrepancies at high z.
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~
~
=)

and strangeness suppression

o e @ Very good agreement
1 T ] . .

€ 03 with the LO prediction.
2 .

B 02 @ u dominance: KT /xt
%01 at high z shows the

2 extra cost of

o

producing an ss
compared to a dd.

K/t

03 @ Strangeness
e proton — CTEQ6L/DSS .
0.2 o deuteron - - suppresion larger than
o E previous fits.
N E @ Also observed during
the HERMES LUND
0z 04 o6 s MC tuning.
z
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K/m in 2 dimensions

0.4

o
[

Multiplicity Ratio
2 o

o
o i

0.4
0.2

0.4
0.2

02<2<03 K+/1t": K-/TC.

S-S

[03<z<04

ety .

F04<z<0.6

E . -8 8,

06<2z<08 o proton  — CTEQ6L

F T O deuteron ----&DSS ]

7—"TE_Q_ETETg 1 1
T T e

—

107 10"

Sylvester J. Joosten (HERMES, lllinois)

SIDIS at HERMES

o LO parametrizations
predict the 7/K ratio
very well up to
medium z

@ At high z, LO
calculations overshoot
the measurement for
the entire valence region
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Section 5

Pushing the envelope

Applicability QPM-like factorization and the limits of
precocious scaling.
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QPMe-like factorization is intuitive

Valence ratio d, /u, Light sea asymmetry
(d —1)/(u—d)
d, 4R"+1
u,  A4+RT d—1 _ 4k —p"
RW:205+_U§—_1 u_leikseapw
ag+—ag_ ﬂ_ag — ol
P= e ot
O'p — O'd
k> = 4= where 7= Dunt
477 -1 Dfav

@ Both should depend on x, not z:
» Signature of factorization.

@ Light sea asymmetry requires Dynf/Dsay as input.
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Where are the limits of QPM-like factorization?

HERMES, PRL81 (1998)

1

(@-u)/(u-d)

! £y

0.02<x<0.05 ) )

} S
b 0,05‘()((04075‘
§—§¥
E T {
0,07‘5<x<0,1 1‘5
i i ; f
E T 1
0.1 1‘5<x<0v|5‘
0.15<x<0.3 I
E 1
Fod
L L L L L

Sylvester J. Joosten (HERMES, lllinois)

SIDIS at HERMES

@ Important result but not ideal
test due to higher model
dependence

e [d,/ [ u, finally possible!

» RICH and RICH unfolding.

» Multi-dimensional
smearing-unfolding.

» Near-perfect grasp of interplay
between the different
systematics.

e High z exclusive, low z
backward hemisphere.
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Where are the limits of QPM-like factorization?

LO access

. dxdQ?(u, — 4k¥?'d,)

T ™
2fAcc. dXsz(Ud — 04 )

R™(z) = T — 1= 5 j
Jace, dxdQ?(o%" — o7 Jrce. dxdQ?(d, — 4k¥2'u,)
fAcc. dXdQ2dV ~ 4kV3|R7T +1
fACC' dxdQ2u, ~ 4kval + R7
o kvl = % — 1 (isospin symmetry).
Dj " -Dr

@ Pushes the experimental precision to a limit:
> A proper treatment of the correlated systematics is crucial.
@ Very sensitive to theoretical assumptions:

» Applicability of the LO, leading twist framework.
» Additional assumptions (eg. isospin symmetry, cf. DSS).

Sylvester J. Joosten (HERMES, lllinois) SIDIS at HERMES April 23, 2013
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Where

(4R"+1)/(4 + R")
o

o
kSN

0.2

o HERMES
¢ —CTEQ6L/DSS |

J-mdx da?d,(x, @®) |
--CTEQL——

Cropped for dramatic effect

Sylvester J. Joosten (HERMES, lllinois) SIDIS at HERMES

are the limits of QPMe-Ilike factorization?

April 23, 2013
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Where are the limits of QPM-like factorization?

o Very good agreement

& [ ‘ T for mid-to-high z.
+ | T E .
< | R=2% "% 4 | e Lowest point > 30
= Tt T . .
=06 |- % "6 from the prediction:
+ L 4
e L | » Target remnant or
< M theory?
04 » Realistic FF
L . o HERMES assumption (DSS)
ozl — CTEQGELDSS lessens the
L J-mdxdo"’dv(x, @ | discrepancy,
Fo -~ CTEQ6L T » —Probably mix.
= Lcdx dQ? u,(x, @) -|
0 f e T - @ Results generally
- [e— | cvstematics
e N B dominated.
0.2 0.4 0.6 0.8 @ CTEQ curve below 0.5 due to the
4 integral over the HERMES acceptance

(see page 9).
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Where are the limits of QPM-like factorization?

~ [ 0023<x<0087 x_ 50408 . 3
T F R=2_3—5-11
+ E =
05 = = d E|
=0 = —
=

. B =
w E 0.047 < x, < 0.075 E
c 1 —
< E 3
~05 E — 2 =
oE* E
— =
E 0.075 <x,<0.120 E
15 =
05 Eommins g E
0 =
E 0.120 < x, < 0.200 E
1 -
05 =
o HERMES
—CTEQ6L/DSS J
N =
0.350 < X, < 0.600 El
1 El
-+~ CTEQ6L J.mdo\2 d,(x, &Y/, dQ® u,(x, &) 3
05, N ’ s E

0 [

0.2 0.4

Sylvester J. Joosten (HERMES, lllinois)

0.6 0.8
z

SIDIS at HERMES

@ Lessons:

» Discrepancy HAS to occur
at low z. This should be
carefully considered when
moving towards that limit.

» Precocious scaling holds
very well mid-to-high z.

» More precise knowledge of
FF symmetries required.

e SYSTEMATICS!

» Going higher in statistics
doesn’t make sense anymore.

» On to CEBAF!

» Multi-D binning key for
unfolding and interpretation.
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Section 6

Bonus: Transverse momentum dependence of
the multiplicities

Sylvester J. Joosten (HERMES, lllinois) SIDIS at HERMES April 23, 2013 34 /41



Transverse momentum dependence

@ The multidimensional results provide leverage in the quest to unfold
intrinsic quark pr and fragmentation k1 from the transverse
hadron momentum Py

» Leverage the simultaneous binning in Py, z and x (or QZ)
» Access the shape of the unpolarized TMD

» Provide a handle on flavor separation

» Constrain TMD models and calculations

P, dependence in the LO TMD formalism
d°oh
SS— X
dXszdZd PhJ_
Z /d2 Td%k182(Pp, — kt — zp)f 1%, Qz,PT)Dh(Z Q% kr)
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The shape of P, in z slices

Multiplicity

af02<z<03 o1 7] %‘o_e,o.z <z <!o.3 K+ K
o v, =04f = = ES ]
2, ® . 1. ° LI 182024 i, ee, 3
LIS " w13 LI
0 N -
£03<z<04 04[03<2<04 Ei 1
FE efoe T . F ®
E ® ] F ] El 1 |
;Eg L " - o . - « iia"i .
1;0.4<z<0.6 —+ 4 14<2<0.6
L ® -] ° L] E E
050 o . + eVeg E L] E E
02! - - & N : . PR N .
04F06<2<08 T o proton | 0.1:0-6<Z<0-3‘ E o proton |
u} o deuteron ze o deuteron
o2 *® °e, sV9g ’o.os—aﬂﬂu b E ]
0 -] @ s L ol® o sam @ ®
0.5 1 0:5 “l 0.5 1 0:5 %
P, [GeV] P, [GeV]
@ Superficially consistent with the Gaussian ansatz
@ Average and width function of kinematics and hadron type.
SIDIS at HERMES April 23,2013 36 / 41

Sylvester J. Joosten (HERMES, lllinois)



(Py,) as a function of z

° | T+ b
O 06 . ]
-~ [ ] L ® ] ] ]
= r L]
Q04f 4w = T e= ® 1
0.2F B 1
L g
1 1 1 1 1 =t
K* K
06 y .
] L}

04 = m

0.2

e proton g
O deuteron

Sylvester J. Joosten (HERMES, lllinois)

SIDIS at HERMES

@ Rising function of z

@ (Py) for K higher
than 7 at larger z

» Point-to-point
significance of 20

» Strangeness
suppression: at high
z, K sample contains
(relatively) more sea
events than w

» Could hint at higher
intrinsic (p7) for the
sea?

April 23, 2013 37 /41



(Pp.) in 2 dimensions

%‘0.6—0'2‘1‘0'3 i o %‘0.6—0'2‘1‘0'3 K1 3
90.4f‘liluii!g”' -n!!--g—‘l_’,o.a—ﬁima.u Uﬁ” SEeE e 0w E
~02f E 1 >02F E E
o o o o
0_6;0.3<z<0.4 I E 0.6;0.3<z<0.4 I E
04F ""ssamewn § ""SamewEw | 04 “wmmessep | l.igigwﬁ,
02f e 1 o2f e E
o of
06;0.4<z<0.6 E3 E 06;0.4<z<0.6 E: E
0:4;"iiu!ugi” TR EELEE 0:4;!.lli! ve 4 iE-wgggi*ﬁ
0.2f e 1 o2f E E
of of
06<2<08 ‘ 06<2<08 ‘
g's:igig!!liﬂ: ssa s s o8 | g'ei fEseE gy ] 9W3.na,+#:
4 e proton 4 e proton
0.2¢ E3 O deuteron 0.2 E O deuteron
0 0 ==
107 10" 107 10"
XB XB
@ Slightly falling function of x
» Also hints at higher intrinsic (pr) for the sea
ylvester J. Joosten , lllinois at pril 23,
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Hadron charge asymmetry

<0.6

Sylvester J. Joosten (HERMES, lllinois)

04f
0.2f

0.6
0.4
0.2

0.6
0.4
0.2

0.6
0.4

0.2}

F02<z<03

T/t

K*-KTK*+K

S
; o8 ee ° E
;7 ® 0 ]
3 st , 1
feesset8e o ] E
| 06<2<08 ”;ﬁagﬁ‘ﬂga g |
i 00 ? 5 s 2 i . proton :
a8nc 0 O deuteron ]

05

SIDIS at HERMES

@ Numerator contains
proportionally more
valance than the
denominator

@ Especially at higher z

@ Ratio encodes
information about the
shape of the intrinsic
pt distribution
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Summary

@ Unique set of 3D high-precision SIDIS multiplicities for 7+ and K*
on p and d are presented
@ Enabling:
» Evaluation of the quality of FF (and PDF) parametrizations
> Input for the next generation of parametrizations
» Access to the transverse distributions
@ What do these high-precision results teach us?

» Crucial to consider the fully differential case

» Systematics have to be carefully considered

> If possible, take into account the correlations in the systematic
uncertainties when calculating derived quantities

@ Precocious scaling continues down to HERMES energy!

@ Get the data at http://www-hermes.desy.de/multiplicities
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|
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arXiv:1212.5407v1 [hep-ex]

A. Airapetian et al, Phys. Rev. D (2013) (in press)
http://www-hermes.desy.de/multiplicities

ILLINOIS

https://www.npl.illinois.edu

http://nsf.gov
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BACKUP: Proton-deuteron multiplicity asymmetry

d-p

< | T T definition:
0.1F + 4
, ] A a
: ] rY h h
[ 1 I | Ah — Md - MP
Frte——a d—p — Mh 4+ Mh
-0.1f + ] d P
| — |
; : 1 K1+ I *Ki @ Reflects different
oak 1 4 valence quark content
Lt A o Improved precision by
o Tk ] cancellations in the
] ) )
04l I — CTEQSL + DSS 1 systematic uncertainty
| ——
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BACKUP: Effect of the correction for exclusive VM

> T T T T
2 +
= T T
2 [ e °
2 . £ °., E
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e S
-1 —+ .
107 3
1 1 1 1 1 1 1
®e - K* K
L]
4 . O 14F o P
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BACKUP: Pushing the envelope

& [o2<z<03 ‘ or ot L ] @ Discrepancy is a
+ 'E = E function of z
o5 =
= E E @ Lessons
+ [ ! .
o [03<z<04 E » More precise
s 'E E knowledge of FF
05 3 symmetries required
05 E » Possible target
JEOA<z<06 e HERMES - remnant influence
g — CTEQ6L/DSS =
05 E g E should be carefully
~E . hd = p - TCVRR _ 3 .
o IS considered when
Fo6-2-08 o i E analyzing data near
1" -~ cTeosL | do? o, @, a0 ux, o8 the low-z limit
- . g
05 L —et 2 » The framework holds
Eo . = ..
0F E surprizingly well

10" mid-to-high z at
intermiate energies

x
-1
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BACKUP: SIDIS Multiplicities: Historical

L L L S |
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HERMES multiplicities

EMC FFs
1996-97 data
Nucl.Phys. B321 (1989) 541 Eur.Phys.J. C21 (2001) 599-606
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