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1. Application of Measurement:

Use of Unpolarized Fragmentation Functions

« Direct Insight into Non-perturbative Hadronization Mechanism

* FFinput quantities for analyses of nucleon structure:
- extraction of quark & antiquark, gluon helicity distributions in SIDIS
(Hermes, Compass, JLab 12 GeV) and pp (RHIC experiments)
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2. Theory Introduction:

Extractions of FFs from Experimental Data

« InLO: FF Di" describes probability for a parton i to fragment into a hadron h
. V&
AVAVAVAV,
4 \
q
h

* FF at different energy scales relatable by DGLAP evolution equations

« FFs DP can be extracted from e+e- data in pQCD analysis:

) I Otothad dz \/7%

T 2
measured: NLO QCD o BN
hadron multiplicity = > C (g )@ D/(z,Q%):
=400  L__________ :

> extracted: FFs




World Data (Sel.) for Pion Mult
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2. Theory Introduction:

Extractions of FFs from Experimental Data

Recent FF extraction including uncertainties (e+e-): - Albino, Kniehl, Kramer; Nucl. Phys. B 725, 181 (2005)

iplicities

: :

h

- Hirai, Kumano, Nagai, Sudoh ; phys.Rev. D 75,094009 (2007)

’Global’ Analyses: - Albino, Kniehl, Kramer (e+e-, pp); Nucl. Phys. B 803. 42 (2008)
- de Florian, Sassot, Stratmann (e+e-, SIDIS, pp); Phys.Rev. D 75, 114010 (2007): 76. 074033 (2007)

0 010203040506 0.7 I]'. 0.9

1
z

rel. unc. IH 5%

~

(zQ)

zD!

(2%

ttp://arxiv.org/abs/1209.3240
T 1 1 | - I | - 1 LT T T | T T T
DTI'"‘. u+ics
' :
—— DSS(NLO) _

gluon’]

I 5% Q=M
yA
IH 5% Q* = 10 GeV®

H 2
DM) g

H=1",i=g, M=912GeV

mt
D™y

0.1 02 03 04 05 06 07 08 09 1

i :

Large uncertainties
(esp. gluon FF) due to:

- Lack of precise data

at low energy scales (far
from LEP/SLC)

- Lack of precise data
at high z

Improve knowledge of FF and nucleon structure via
high precision hadron measurement at low Q?2
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BELLE


http://arxiv.org/abs/1209.3240
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3. Belle Experiment

* KEK-B: asymmetric e* (3.5 GeV) e (8 GeV) collider:
-Vs =10.58 GeV, ete>Y(4S)>B B
-\s =10.52 GeV, e*e- -> qqgbar (u,d,s,c) ‘continuum production’

» ideal detector for high precision measurements:
- tracking acceptance 6 [17 °;150°]: Silicon Vertex Detector, Drift Chamber
- particle identification (PID): dE/dx, Cherenkov, ToF, EMcal, Mu detector
- available data:
~1.8 *10° events at 10.58 GeV,
~220 *10° events at 10.52 GeV

BELLE Detector

3 1. Silicon Vertex Detector
2. Central Drift Chamber
3. Aerogel Cherankov Counter
4, Time of Flight Counter
5. Csl Calorimeter
6. KLM Detector
7. Superconducting Solenoid
8. Superconducting Final
Focussing System
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4. Measurement and Corrections -

Particle Misidentifcation

« Particle misidentification expected to be largest uncertainty:

particle identification probabilities p(i->j):
probability that particle of species i PID-selected as particle of species .

Reconstructed particle

P(m>K)

Calorimeter, Muon
Detector | P(r>p)

Belle PID likelihood — 2] @

Physicalparticle | information from: Pr>1) \@
@ ___ | Drift Chamber (dE/dx), | __ | P@r->m) \Q
Cherenkov, ToF, U

(K

®

/p(e->e) P(u>e)  P(m->e) P(K->e) P(p->e) \
P(e->p Pr->p pP(mr->u)  P(K->p)  P(p->n)
[P]IJ — p(e‘>”) p(U'>ﬂ) p(Tr'>TT) p(K->‘n’) p(p_>n-)

N, P(e->K)  P(u>K)  P(m>K) P(K->K) P(p->K)
N pP(e->p) pP(p->p) Pp(m->p) P(K->p) P(p->p)
. “ \ /
N = N” —> .
" N o l ﬁ-»— F/>\'1 N - correction through
E K Ni = P Ni ' I inversion of matrix.
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4. Measurement and Corrections -

Particle Misidentifcation

« Experimental data based extraction of PID probabilities by decay sample study

e.g. D* \9 DO < K a) Kinematically reconstruct D*
T ast b) extract PID probability from invariant mass plots

+
T slow

mp+ -mp- for K- tracks with
Piapin [1.4; 1.6] GeVlc,
c0sB,,,in [0.02; 0.21],

reconstructed as 1T
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mp+ -mpe for K- track s with
Piapin [1.4; 1.6] GeV/c,

€0s6,,,1n [0.02; 0.21]
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4. Measurement and Corrections -

Particle Misidentifcation

FID probabilities p_ . (stat. uncertainties) ‘? 1'25 0.4 <= cnsalah <f.5
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. p - —» K= n,z;_ ..... .. ................... .
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completed extensive data-based PID calibration by extraction of probabilities
P k ->j) from D* decay sample,

P, p-j) from A decay sample,
E P u->j) from J/y decay sample.

K+ — J*
T

gdl T VU UUUTUTY R




4. Measurement and Corrections
Particle Misidentifcation

« All PID probabilities for negative track charge (~3500).
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« Bins with fill pattern has extrapolated probabilities (tendency of experimental

data & MC)
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4. Measurement and Corrections -

Measurement Sample Impurities

« For same luminosity, compare qg, T T, 2y Monte Carlo samples
generated by resp. cross sections after analysis cuts

« Athigh z, main impurities for pions from 1 events: up to 35%.

n” non-had. Corr. Factors
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o R I SN SIS S + K- non-had. Corr. Factors
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4. Measurement and Corrections
Initial/Final State Treatment

« Measurement result should only contain events closer to nominal sqrt(s) than
O(~1%) (= theoretical uncertainty on Q2 evolution).

* Inthis analysis, all tracks from events further than 0.5% to sqrt(s) excluded,
exclusion fractions from generic Belle MC.

« Exclusion fractions dependent on shape of MC- studied 12 tunes (100M
events each), assign spread of exclusion fractions as systematic uncertainty

(insignificant to max. z).

generic Belle MC, ,
particles from Evtaen & GEANT.

Fraction oftracks from high ISR/FSR events, Belle MC | Exclusion Fractions from Different Pythia Tunes for x° |
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Self-generated Pythia tunes, no GEANT, 100M events each.

505 0.7
g r o . Pythia default
W -
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4. Measurement and Corrections
Initial/Final State Treatment

| ISR-smearing histogram for © |
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« Remaining ISR/FSR: causes 3 '[Seif generated generic Belle MC, M events |
smearing. P NS W R N .
» Calculated actual versus & r | | 10
n0m|na| Z (Wlth Correct bOOSt) E 05__ ................................................ ......................... E
| . L Syst.b) |3
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Systematic uncertainty a)from MC shape for generated ID

1E

Systematic uncertainty b)
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4. Measurement and Corrections
Additional Corrections

« Monte Carlo-based correction for kinematical smearing.

Z reconstructed

; I T o R 1 R S N 1

z physical

10° Monte Carlo events after analysis cuts

« Further corrections:
- Decay-in-flight,
- Detector Interaction/ shower particles,
- Detector/tracking efficiencies,

- Analysis acceptance

1




5. Results and Discussion

Preliminary Results

* Binning in z: width = 0.01; yields normalized to hadronic cross section

« Systematic uncertainties: z ~0.6: 1% (2%) for 1 (K);
z ~0.9: 14% (50%) for 11 (K)
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Iu-|2I 1 1 Iu.lal 1 1 Iu.|4| 1 1 Iu.lsl 1 1 Iu.lﬁl 1| Iu.|7l 1 1 Iu.lul 1| Iu.lgl D1 | 1 .IT 0.99741_ 0.0033 3.97/7620.05

z K 0.9991 + 0.0037 5.43/76 =0.07

Belle experimental data, ~220M events

Improvement of precision: cf. slide 16, 17. >
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5. Results and Discussion

Hadrons from Strong and Weak Decays

« Preliminary results include hadrons from all strong and weak decays (e.g.

recovered decay-in-flight)
« Additional Belle MC-based relative fractions of strong vs. weak decay

hadrons quoted.

| Generlc Belle MC Fractionsa from Generating Decay Processes for K

Generlc Balle MC Fractions frorm Generating Decay Processes for n°

& 2]
= £
g g
& i
101
102
2 == hadrons from strong decays
—{ == hadrons from weak decays
-1ﬂ"3IlillllillllillllilIIIiIIIIiIIIIiIIIIEIIII -1ﬂ"3||i||||i||||ill||i||||i||||i||||i||||i||.-t||
0.2 0.3 0.4 0.5 0.6 0.7 0.8 9 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
z

DD

1. W'




5. Results and Discussion
Comparison to Monte Carlo

« Ratio of samples from generic Belle MC and self-generated CDF, Atlas, Aleph,
general LHC tunes over experimental data, all for events e*e- -> qgbar (u,d,s,c)
at sgrt(s) = 10.6 GeV.

* Pions and kaons:

- Belle tune undershoots experimental multiplicities by ~1/3 at high z.
- general LHC and Aleph tune overshoot experimental data by factor 5 at max z.
- Atlas and CDF tunes stay within 20% of experimental data for all z.

« Spread of ratios above and below experimental data suggests consistency of

16/19

measurement.
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5. Results and Discussion
Comparison to World Data
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« With BaBar provides first measurements of z dependence of hadron
multiplicities at high z > 0.7.

« comparable or better precision than all compared datasets despite high z
resolution, especially for measurements at low energy scales.

World Data (Sel.) for e’e” — n™" + X, Multiplicities, Rel. Precision

World Data (Sel.) for e'e” — nt*~ + X, Multiplicities

0
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5. Results and Discussion
Comparison to World Data
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« With BaBar provides first measurements of z dependence of hadron

multiplicities at high z > 0.7.

« comparable or better precision than all compared datasets despite high z
resolution, especially for measurements at low energy scales.

World Data (Sel.) for e'e” > K™ + X, Multiplicities

e T i . T

et

;"’"ﬂus 10Gey
eV
e ;

S S S .tﬁ....l....t....1....t.. M.

0 014 02 03 04 IIII.E 06 07 08 09 1
‘ z

Rel. uncertainties

World Data (Sel.) for 'e” — K™ + X, Multiplicities, Rel. Precision
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6. Unpolarized FFs at Belle- Summary & Outlook

« Completed precision measurement of charged pion and kaon multiplicities
at low sqrt(s) up to high z at Belle.

* Improvements of extractions of unpolarized FFs expected.
« Systematic studies finished, now working on publication.

« Preliminary results with uncertainties available for interested groups.
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1. Introduction to Fragmentation Functions (FF)

 Fragmentation: creating color-charge neutral objects from parton in final state of hard
scattering reactions.

« e*e-annihilation into quark-antiquark pair:

hadronicjet

. Ecms

LT e

S W/

L N\ D) 2
q

hadron (h)

Q*=0g°=(p_+p.) =s

 InLO QCD: FF D" describes probability for a parton i to fragment into a hadron h

. LOQCD i
do(e =2 ) T2 e b (z.Qd)!
i=q,J L :

R s
e Sum rules: ZIZ'DQ(Z’QZ):l
h o

1 S [[02(2,0%)+ (2,04 k2 =n,




1. Introduction to Fragmentation Functions- Evolution

« Fragmentation Funtions from different energy scales can be related by evolution
equations (DGLAP) from first principles QCD:

d%QzDg(z,Qz)oc P,®D;+P,®D], Df => (D; +D})
q

« Evolution enables to relate fragmentation functions/ cross sections from different
energy scales/ experiments:

o« e

do(e’e” — hX) oo 2 | :
dz R

‘) oo .. .~ P A - A - »
l(] 0.1 0.2 030405060708 09 1

2 >
EI World e*e- -> h+- X data <o




1. Introduction to Fragmentation Functions- Universality

 Fragmentation Funtions also found in deep inelastic scattering (DIS) processes:

e
* X=—-
Y . %" )
/ | O h 2 " 2 2 2
+ - Q =—0. :(pe_,in_pe‘,fin)
P —

« Parton distribution functions (PDF) ®i gives probability to find parton in proton with
momentum fraction x.

d?c(e pt — hX) Ltoqco | :
TEL 2T T T (@)Dl (20
i=0,q .

G -

« FFssame in e+e- and SIDIS (universality) -> determination of nucelon
structure/PDFs via semi-inclusive DIS (SIDIS, e.g. HERMES experiment) will benefit
from precise knowledge of fragmentation functions.

0 B




1. Introduction to Fragmentation Functions- Universality

Fragmentation Funtions also show up in proton proton collisions:

p+_> é
qb(xl,cz\agqg/'O
\
" éoﬁ DI
Z,
b, (4, Q%)

o 040,04, (6, Q%) L9 Wiy, gyl

d’c(p*p* — hX)
dx,dx,dz dxdx, ! :

Also present for spin dependent case:

3A(7( p+T + - hx) d2 G(gq N gq).
dxldXZdZ A¢ (XliQ ) A¢ (XZ’Q ) dx d LD (Z Q )|_|_

1




1. Introduction to Fragmentation Functions- Summary

« Fragmentation Funtions describe formation of hadrons from partons

Need good knowledge of fragmentation functions to enable best extractions of quark
and gluon distribution functions from experimental data:

QCD analysis X, 2
Osipis, pp T ¢q( Q)
. AG(x,Q%), Aq(x,Q%)
measured RO

Extraction of fragmentation functions: use relations with measured (normalized) cross
sections from e*e-, SIDIS, pp

Ge+e‘ 0"“ ..."
QCD analysis S h 2\%
Osipis > :D;(z,Q%):
o
measured

1




2. Extraction of FF from experimental data- History

 Fits of e*e- annihilation data:

- Kretzer, Phys.Rev.D 62, 054001 (2000)

- Kniehl, Kramer, Poetter, Nucl. Phys.B582,514 (2000)

- Albino, Kniehl, Kramer, Nucl. Phys.B725,181 (2005)
Nucl. Phys.B734,50 (2006)

« Fits of e*e- annihilation data fully propagating experimental uncertainties:

- Hirai, Kumano, Nagai, Sudoh (HKNS), KEK, Phys.Rev.D 75, 094009 (2007)

« Fits of e*e- annihilation, SIDIS and pp data with uncertainties:

- de Florian, Sassot, Stratmann (DSS), BNL, Phys.Rev. D 75,114010(2007)
Phys.Rev.D 76, 074033 (2007)




2. Extraction of FF from experimental data- Extraction Scheme

« Extract FF via NLO global pQCD analysis. e.g. e*e-annihilation:

NP (2,02 i: 1 do(ee” — hX)
/‘ i_ __________ ; Oothad dz
LOQCD
measured: = Z .D/'(z,Q )/
hadron multiplicity i=0.q i=0,9

i NLO QCD NLO ""'""":
i = >C a,)®D/ (z,Q%):
i i=0,7,9 L !
i_??_(_:_tz_flt_ ______________________________ > | extracted:

Parton FFs

« parameterize of Dih at initial scale Qg 2
HKNS D (z, Qo )= MHKNSIZan (1- Z)ﬂ;]
DSS D (z, Qo )= MDSSIZ (1 Z)ﬂ b+7/ (1- Z) J

« Evolve expressions for normalized cross sections to Q? of fitted
datasets via DGLAP equations and simultaneously fit all datasets.




2. Extraction of FF from experimental data- Limitations |

 Lack of experimental data and high uncertainties on existing data at high z

Effect: high z behaviour of hadron multiplicities weakly constrained -

-> large uncertainties on extracted fragmentation functions at high z
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2. Extraction of FF from experimental data- Limitations |l a)

« Lackof precise data at low enerqgy scales (far from LEP)

Effects:
a) Large uncertainties after evolution to small energy scales (fragmentation

functions needed as input in SIDIS and pp measurements)

A

u quark 2.5 u guark

5\ Q=M Q=1GeV

zD™ ()
zD™ (z)
e i
'I ra
/ £
P!
[
I
/ﬂ

doldz x ¢(vs)

¢ quark 1,54 ¢ guark
Q=M H Q=143 GeV

% .

-1 — LI UL L DL TT T [T T T [T T T [T T T TTT
0 02 04 06 08 1 0 02 04 0.6 08 1
z z

World e+e- -> h+- X data (PDG) HKNS extracted

fragmentation functions




2. Extraction of FF from experimental data- Limitations Il b)

« Lackof precise data at low enerqgy scales (far from LEP)

Effects:
b) gluon fragmentation function: quark-gluon mixing in evolution weak & only
enters cross section weekly at NLO -> only loose constraints

gluon

C——_c+T

d h 2 h Ej 2D
Tno? D;(z,Q°) <P, ®D; +P,, @O .| QZ;(;)GJE

£ THIS FIT / KRE

=1
3
T

T T I I |
£ THIS FIT / AKK

DSS extracted fragmentation

functions and agreement with
En_ previous extractions

>
/>
BELLE
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2. Extraction of FF from experimental data- Summary -

* Mostrecent extractions of fragmentation functions suffer from :

- Lack of precise data at low energy scales (far from LEP)

- Lack of precise data at high z

« Motivation of present analysis: improve knowledge of fragmentation functions by

high precision

multiplicity measurement
at low Q2
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4. Particle Identification: Time-of-Flight Detector -

» concept: measure time-of-flight of particle and combine with measured
momentum from track curvature in magnetic field

Al
Ve p =@y v

ToF

- at Belle: start signal for timing measurement given by collider RF clock, stop by
plastic scintillator signal

STOP
N | Belle ToF, r ~1.2 m
B=15T
e+ R e-
START
ol p<12GeVic Extract PID likelihood

information for each
track

L P | L
-0.2 0 0.2 0.4 0.6 0.8 1 1.2

Mass(Gev)
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4. Particle Identification: PID Probabilities -

* not possible to unambiguously assign species to measured particle because of
likelihood character of PID

Reconstructed particle

m->e
Belle PID likelihood -2 ._) @
Physicalparticle | information from: P> ) @
@ __ | Drift Chamber (dE/dx), ., J P@r>m) @
Cherenkov, ToF, D(m>K)
Calorimeter, Muon 3 /@
Detector _ P@r>p) \@

» particle identification probabilities p¢i->j): _
probability that particle of speciesi is reconstructed as particle of species|.

N

P(e->e)  P(u->e)  P(m->e) P(K->e) P(p->¢)
Pe->  Pu>m  P(m->p) P(K->g)  P(p->H)
[P]ij — Pe>m  Pu>m  P(m->m) P(K->m) P(p->m)
p(e->K)  Pu->K)  p(m->K) P(K->K) P(p->K)
\p(e->5) P(->p)  P(m->p) P(K->p) P(p->p) )

« off-diagonal elements ~ O(10%) -> correct for particle mis-identification

1




5. Particle Identification Correction

* correction by inversion of PID probability matrix:

N

e

~

AN
Nj = P

H —> s .
x Ni i

K

N
N =|N
N
N

P

« for inversion have to determine all elements of PID probability matrix

- ‘Monte Carlo Simulation’: detailed statistical description of detector, based
on detector properties and material interaction physics

- response of PID detectors only modeled to ~10% accuracy

Extract PID

mmmm) | probabilities/ ‘calibrate’
Belle PID based on
experimental data
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5. Particle Identification Correction- PID Calibration from data -

* Belle experimental data-based calibrations exist (to resolve B meson decay
particles)

* limitations:
- calibration available only for limited kinematics (z < 0.5)
- only available for diagonal and largest off-diagonal elements

)

Intensive efforts needed to extend PID
to full kKinematic range

* Belle PID response depending on track kinematics — perform calibration on
binning in [aboratory frame momentum and scattering angle

ToF forward geometry acceptance limit

a 1= . S L S A —
s ‘- // . . - :
2 087 | i fill matrix of PID probabilities for each single
0o //, bin from real data calibration- need large
8 [~ statistics i i i A
0.2: \ 1 P(e->e) P(u->e) P(mr->e) P(K->e) P(p->e)
oF 7 ~_ Ple> P>  P(r>k)  PK->1)  P(p->4)
-0.21= T S /1 [P]U (Plab. €OSO|ap) = | pe>m Pu>m pm>m)  P(K>m)  P(p->m)
045 P(e->K)  Pu->K)  p(m->K) P(K->K) P(p->K)
=T T 3 ->p >p K->p >p
0.6 T ",? . Q)(e->p) P(u->p) P(m->p)  P(K->p) P(p->p)/
0.8~ l {111 :
= Ll Lol o dos ooy .

o

events

1

2

3

4

L 7 ) -
Ps [GeVic]

scatter plot: e, y, M, K and p tracks from 4e+05

ToF backward geometry acceptance limit




Backup: 2. Extraction of Fragmentation Functions

1 do(e'e” - hX)

Nh(Z’Qz):a dz
LOQCD
= D/ (z,Q° )/
NLO QCD
= Y C"(z,,)®D'(2,Q%)

i=0.7.9

- > (2@, D! 1)+ )

|=q,q,g Z
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2c. FF Extractions by HKNS & DSS

« Method of extraction:

- parameterization of Dih at initial scale Qo2

1 h h
HKNS D/(z,02) = M"z% (1-z2)”
i ( QO) B[2+aih,,Blh +1] i ( ) /

1
B2+, A" +1]+¥"B[2+¢a], " + 5 +1]

DSS D'(z,Q2) = M"z% 1-2)" [1+ " (1-2)7 ]

- evolution of (scale-dependent) Di" to Q2 of fitted datasets via pQCD
DGLAP evoluation equations and simulataneous fit of all datasets.

d ~h 2\ oM ~h 2\.
dIan D (ZvQ )_[P ®D ](Z’Q ):

h N
5hE[DiJ, pr=Y, @+D), PUE Lo po
D
g




+

+

+

(theory)

(theory) | / F™

(data) — Pﬂ

|FT

2c. Fit Results HKNS

1
& TASSO Q=11 GeV o 14GeV v I2GeV
0.5 T
.
0_ ......... i tispriszizzozzanasariaiatabait LR ERE TN T TR
Hfrdery T
0.5 f 1
_1 T T T T
1
ﬂq—: + TPC « HRS
g i
01 %‘E@'ﬁ .I§I ........ e iR TR R RRL
0.5
] Q=20Gev
_1- T T T T
15
_E =« SLDy = OPAL DELPHI
0'3'5 + ALEPH
[]_: . T “"‘*F:!"II'IEII'II¥ ....... I ...............
05 g-mz
_1- T T T T
15
05] Charm quark I
03 e A AT I[[ .......................................
: 3]
—U.:"-: 'Q=-_\.[Z
13— L D | L —
0 0.2 0.4 0.6 0.8

1E+3+
1\ Q=M « SLD
1E+2; R + ALEPH
j ‘-Lf{1 = OPAL
“— 1E+1+ B, DELPHI
Y "‘"m
N 1E+0- w,
1E-15
1E-24
1E-3 . . . — N
0 0.2 0.4 0.6 0.8 1
Z
TABLE VII: Each v contribution in the pion analysis.
experiment # of data 2 (LO) 2 (NLO)
TASSO 29 52.1 51.9
TPC 18 33.5 27.3
HRS 2 1.1 2.0
TOPAZ 4 2.6 2.6
SLD (all) 29 11.3 10.6
SLD (u.d.s) 29 46.0 36.4
SLD (c) 29 24.4 26.1
SLD (b) 29 71.2 66.4
ALEPH 22 22.8 24.0
OPAL 22 45.4 45.8
DELPHI (all) 17 48.3 48.6
DELPHI (u,d.s) 17 29.6 31 1
DELPHI (b) i 64.9
total 261 1 1532 |433
(/d.o.f) e e o

(1.81) l-e1-!-3, i



2c. Fit Results DSS

T '< SR T T s experiment data rel. norm. data points y”
4 i %, IPe 14 o2 type n fit fitted
10 E \ 0 N L. I p—
3 x B P TPC [15] inel. 0.94 17 18.5
].03 ] :j\\l | | 1 1 I| | | | 1 1 1 1 I__ _0-4 huds tag“ I:I.g=1 g llg
g:s SLD + : g_;; “o tag” 0.94 9 5.7
102 1Es e N S L S I b tag 0.94 . £
NN Jo2g TASSO [17]  incl. (34 GeV)  0.94 11 30.1
3 _{\ — 04 = . r
] : TR ! II ' ' TR " H: : E mcl. I:—i—i GE‘\"] 0,04 T 20.5
10 TR AEPH ey 02 = SLD [16] incl. 1.008 28 14.0
N 1 R gmonisttis g B b Q “uds tag” 1.008 7 11.6
IR\, E ;\;\\ B “c tag” 1.008 17 11.1
F not e ] 2 “b tag” 1.008 7 23.2
C ] | & @ ag
T S . \ DELPHI HL‘ E §3 Z | ALEPH 1] incl. 0.7 220 383
g ] \,\”Ha—fmq—v—-ﬁ*_ o DELPHI [12] incl. 1.0 17 42.3
0k . 11\\ | 192 “uds tag” 1.0 17 26.4
- THIS FIT \ JE Y o6 “b tag” 1.0 7 42.8
C . \ ] 3 OPAL 3
7L 77~ KRE \t & IT_ 04 OPAL [13, 14] inel 1.0 21 9.2
JRERES AKK {xo_mn-\q}aE %\}\ ' '_._‘_B,&_E_WW,&,J;"J“..._ o “u tag” 1.10 5 11.8
ol R = . “d tag” 110 5 9.0
107 - 0 z 1 “s tag” 1.10 5 49.8
“c tag” 110 5 38.3
“b tag” 1.10 5 73.0
HERMES [1§] xt 1.03 32 67.4
x~ 1.03 32 120.8
PHENIX [19] ’ 1.09 21 76.4
STAR [22] =, (m)=33 105 4 3.4
|:| ¢ |-|-
(=37 105 5 0.8
BRAHMS 21] =*, () =295 1.0 18 28.2
7. (n) =295 10 18 43.0
TOTAL: T oo "543.?"
S-S
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2c. Extracted FF HKNS

Loose constraints at low

2.5
p glllﬂ]l Q2 = h|gh Uncertalntles,
1. Q=1Gev esp. Gluon
-> remedied by precision
measurement at low Q2
:1_ --- LO
-1 E— L
3. 3
5 5] u quark 2.5 u quark
i Q=1GeV o Q=1GeV
L5y 1.5
1_ I Iy -
0.5 i,
0.
0.5
14 . T . T
3
2.5 ¢ quark 2.5 b quark
2 Q=1.43 GeV Q=43 GeV
1.5
11
u.s—K
u_..
0.5 -0.54
-1 -1

0 02 04 06 08 1

Z

0 02 04 06 08 1
Z

gluon Most of fitted data

] Q=M, at Q2 — M22

: -> lower

] — — — LG . .

] NLO uncertainties
_]-: T T T T
45 4
15 u quark ] u quark
=] 3

! Q=M, ] Q=M,
2] 2]

- 1\\\
{} uf -
'1: L L B B LB -1: L L L B B
4 45

] c quark ] ar
3] q 3] b quark
R Q-
1] 1
0- 0]
'1:"'I"'I"'I"'I"' _]-:"I"I"'I' T

0 02 04 06 08 1 0 02 04 06 0.8

Z z




2c. Extracted FF DSS

- Inclusion of pp and SIDIS data provide better constraints at low Q2 & high z

- Gluon FF still loosely constrained because
NLO corrections not large enough and

guark-gluon mixing from scaling evolution requires precise data far
enough from M,,

large theoretical uncertainties in pp-
-remedied by precision measurement at low Q?

1.4 I I_n_h_ ---.-.- [ T |I|r"-_n—_'_l
un+u ~ i cluon | : | ; I MNu-a]
1.2 q1F A T SE*DL | ---_‘
~ I ——— 0= I N | i 1
1 . . [ 1
08 - . ] x* 855 || || ]
B f i ]
0.6 - - . 4 -
850 | Vi ]
0.4 : 4 _ - ||: , :
- —-_—". r i 3 N |§II ]
02 H Q = mﬂre‘i.," ':» : = 10 GeV" - 845 oo R A
i -q-- J 1L . I L- B H i
. B P { : _—|—|—||—|—|—|—|—r—|——T:F—
> [ THIS FIT / KRE = THIS FIT / KRE I S ] Me | :
: 860 |- \ P ———
- \ : IIl
. : . I::“‘I:..--I . : e ] ZE h 3,5:— L ! I."' ]
o [ T — 1F S FIT / AKK \/g/ sso [ i
05 b T ' g4s |
: THIS FIT 7 AKK C

|:| [ TR | i i i B8 0§ |- E I T T i i i i i .E
-1 -1
il 10 Z 1 10 A




3. Particle Misidentification Correction—
Lepton PID Probabilities from J/W -> /*/-

e / lJ Real data exp[7;55], HadronBJ
onres ~590 fb”-1, cont~70fb"-1

L) LELAl A0S
. - = o Tz I = PID- BT — i
ean Y ean Y 17000= Mean 3.086
Example fits no PID cut =4 e/uPID cut Bl R B L
rol 3.69- Prob 1.61002 Prob 30001
3 _ - 00 2.000+04 + 1.930404 18000F— oo 8470404  1.230402
= E ) 1.040404 + 125404 »1 4330404 + 4220001
6000 = 2 1.360403 1 2.020403 18500F— »2 5.63e+03 + 1.280401
. soE B et o + ‘
3 : - 3
e-/ “' Wlth E ‘probatatitag = 0 = ‘probatatiiag = 1
i 1 4. 1 6 GeV/C - ‘Wo:_ Mnﬁu":l.vz(;l:yl‘ﬁ':‘ﬁ, b!n‘o":b:y;;loﬂ::)‘"‘
plabln[ e P B ] ’ & = ’m;'——-:e—.;-#-‘f B 'ITP|D Cut T
1 . F 2000 [T
€0sB)4,in [0.21; 0.36] ST PSR FAAAIIA A P T | PP U P R B s s e st o,
My [GEVICA2) ™. (GeVICA2) M. (GeVICA2)
s 000 pPiD- s el PID- —
e and y components not i - - i oF e o=
resolvable with kinematics onl - B e
1.200404 : 8.030+01 - o 3580403 + 4.410401 o E3
SN low for KPID and PIDy S b - 4 B il o -
too low for anap . E B BB
E 2 ‘probatatiiag = o
bincorrsigyield = 138 m
probstat = 0.000 +- 0.008 =

Cumulatlve Chlsq uare N 2Indf 104217 112 suff stats bins 221 ndf 8.97/8 112 suff stats bins 221 ndf 4.86/6 112 suff stats bins

55 this hist entries 35

67 this hist entries 18 this hist entries

p2 0.90 + 0.12 || 67 goodfulifit p2 0.87 + 0.13 || 55 goodfullfit p2 0.87+ 0.24 || 18 goodfulliit

distribution of all chisquares

Sttt

RS RAAN AR LR RN RR

8 39 badfits i 2 41 goodOprob
fitted with theoretical .
Chisquare distribution. : I no PID cut 2 I e/uPID cut I 1 I ™ PID cut
¢ overall X 42 M‘Ioood‘ totfct fits, NDF = 13 ¢ » ‘5 5:" o.émll X ‘me . ’ overall X 42 v"lgood' totfct fits, NOF = 14

DD

\




3. Particle Misidentification Correction—
Lepton PID Probabilities from J/W -> /*/-

* Lepton PID probability samples.

Real data exp[7;55],

* VS Py and cosBy, . onres ~590 fb”-1, cont ~70fb”-1

alu= — |=

el — j=

...................................................... E:’j.L- — ﬁ.

1.2: . 0.5 <= cusBIab <-0.3 _‘-r_ 1.2: _[ .2 <= cosﬂlab < 0.0 PID prababilities pm_.i_ (stat. uncertainties)
E r T .
1B ..T:__i% ................................................... R = A -4y — | _
a8 ...... g LT L L n_‘a osl—...... bl 1 ................................................... : El‘].l.- — EIJ.L-
il A
ng:_ ...... 1 5 O S R A A ng:_ ......................................................... Eﬂ.l‘—)ﬁ‘
...................................................... p .
...................................................... . ely-— K-
® -

Illlﬁlllll Illllﬁlllll -
P, [GeVic] p,, [GeVic] elj- - unsel-

12p 0.2 <=cosb_, <0.4 N 12 0.4 <=cosb,, <0.5 * s - 0.7 <=cosf,, <0.8
- ool | oo S —— ] S e 1L S — H] s b T e ——
n_gf_ ...... “' ................................................... Q‘a n_gf_ ...... l_ : ................................................... na n_;f_ ...... *ll ................................................
S | ) S 1 O S 1 O
nd__ ......................................................... n_.if_ ......................................................... n.g:_ .........................................................
LN N N ; o W
P, [GeVic] p,,, [GeVic] P, [GeVic]
120 1.0 <=p __ <1.2 GeVic otz 1.6<=p_ <1.8GeVic PRERET 22<=p_ <2.4GeVic
= T T =
1:_. ...... TTPITYS FPPRVION PRRISTPIRIT AP R T —:I.. IO OED —:I.. 1:_ ............................................ B E L
08| AEUUUUURY IO OO OO O Lo n.-a n..a 7Y ) [SPRRSUT][FSTRRN ONIN RSSO A el I OO T
n_gf_ ................................................................................. n_g:_ .....................................................................................
n,gf_ ...................................................................................... n,af_ ......................................................................................
n_z:_ ....................................................................................... nzz_
| A A * E
o . . . ........... Y VPPN A A, o
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3. Particle Misidentification Correction—
Pion and Kaon PID Probabilities from D*

* -> o >
D Mslow (D Tast K) Real data exp[7;55], HadronBJ
Example fits onres ~590 fb”-1, cont~70fb”-1

obshist{5][4](1][0][0] ©obshist{5][4][1][0][1] | elu Pl

noPIDcutI |

e/uPIDcut | | mPID cut

6000 E
5000 = F
£ 1.33002 1 2.400-04 100 o4 8.576:03 1 1.39e-03 4000 123002 1 233004
- E 1.450.01 1 6.700-06 5 1.460-01 + 9.450.05 F 145001+ 710006
4000 47003 + 444005 o6 6.01604 1 1.090-04 E 5.53004 + 102005
E a0 F
E 3000 —
3000 — F F
F (7)== | E
£ ‘probatatiiag =0 F probatatiiag = 0 2000
2000F- Bincorrsigyeid = 3361 £ S I P = e bincorrsigyield = 133 =
= probstat = .5000.000 +. -5000.000 s + probstat = 0.013 4. 0.001 £
T 7

Y

[ Il | | | | | 1 1 — A -
017 0147 0143 0138 014E LEL] 152 0153 0 014z 0143 0146 0148 LEE] 0452 0158
et B M M. (GEVIEA2)

- with .
Piapin [1.4; 1.6] GeVl/c,

. [T k- | [T | [T | unsapn- |
€0SB|4,in [0.21; 0.36] o - =
lab ’ ; K PID cut wE- p PID cut e | Unsel
"E o %l " WE
. . - feinee o3 B | e 73
candidate selection along : mE 5
300— E =4
1 1 E probata E probetatiag = eF= robatating =
B N 7 7 9 f N IS h | d a-san . 200F- bincor mqy“l':ld 2 Z 3 bincorrigyleld 12 E O e O
E = 0.092 +-0.003 . E_ = 0.029 +-0.002 E probstat = -5080.000 +- -5000.000
Good S/N. e [ - I W E Hitdt
P) F L I I E o= FEAETH L I I P) E I 1 | —I_ —I_ _'_+_ —l_i_
Arl 0idE 0 LELY o L 1!1 (0 :’5': ) 017 0142 04 01dE 04F LEL] oy LS 1!2 (&Vré ) Arl 014z 0143 0138 0148 L% 1! ﬂ 151 [&:’S}: r2)
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= P 1450011 5.32006 1450011 1.11e-04 600 1450011 224005
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K 3000 [~ sof- seoE-
F «E: 00—
o :_ ﬁmu!mﬂyltlﬂ:‘:u 00—
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1000 2 Es
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= 00—
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2500 - E 5
2000 - 180 a
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3. Particle Misidentification Correction—
Pion and Kaon PID Probabilities from D*

Cumulative Chisquare

m

distribution of all chisquares
fitted with theoretical
Chisquare distribution.

136 suff stats bins

¥2Indf 24.12/12
131 this hist entries
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=
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3. Particle Misidentification Correction—
Pion and Kaon PID Probabilities from D*

« Pion PID probability samples. Real data exp[7;55],
m «  Good kinematic availability. onres ~580 fb*-1, cont ~65fb”-1

er 120 0.5 <= cos8, < -0.3 e, 120 -0.2 <=cos8,, < 0.0 PID probabilities p_ ~F {stat. uncertainties)
! e | T R I b
E Fi=|=lzfz| zlelz E M| ~
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3. Particle Misidentification Correction—
Pion and Kaon PID Probabilities from D*

« Kaon PID probability samples. Real data exp[7;55],
K' « Good kinematic availability. onres ~580 fb”-1, cont ~65fb”-1
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3. Particle Misidentification Correction—
Proton PID Probabilitiesfrom A->p 1

p_

Real data exp[7;55], HadronBJ
MDst_vee?2,
onres ~590 fb”-1, cont~70fb"-1

Examplefits
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3. Particle Misidentification Correction—
Proton PID Probabilitiesfrom A->p 1

* Proton PID probability samples. Real data exp[7;55], HadronBJ
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Backup: Particle Misidentification Correction—
Lepton PID Probabilities from J/W -> /*/

e-/ p' Realdata exp[7;55],
onres ~590 fb”-1, cont~70fb/-1

112 suff stats bins " 112 suff stats bins 112 suff stats bins

67 goodfulifit 559 18 dfulifit

g

Kinematic extraction
availability

| eluPID cut Ry ID CUt l

| 41 goodOprob

Red/blue: good fits.

Green: failed fits (n (0] Slg n al) s 5wt ciats bite 111 suff stats bins e 79 suff stats bins
White: by-hand-rejected. e 66 9ood0prob 1/ /' /i
| ' g A 1 toolowstats ) ] _{,_._ ;:MI“R
Restricted kinematic phase space ‘ : — }
for decay leptons (J/%¥ from B). 'II K PID cut PID cut ‘ i Unsel.
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Agreement between the two methods within 1
o(delta) sigma for all extracted probabilities.




Backup: Particle Misidentification Correction—
Pion and Kaon PID Probabilities from D*

Kinematic extraction
availability

m

Red/blue: good fits.
Green: failed fits (no signal)
White: by-hand-rejected.

Good availability.
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Backup: Particle Misidentification Correction—
Pion and Kaon PID Probabilities from D*

P g
. = = Real data exp[7;55], HadronBJ
Consisten cy check - onres ~590 fb"-1, cont~70fb"-1

s
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Backup: Particle Misidentification Correction—

p_

Kinematic extraction
availability

Red/blue: good fits.
Green: failed fits (no signal)
White: by-hand-rejected.

Good availability.
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Backup: Particle Misidentification Correction-
Obtain MC Probabilities from ,MCHadronBJ‘ Sample

» For extrapolation techniques need MC PID probabilities
« If PID correction performed with probabilities from generic uds charm MC: unphysical
corrected spectra:

e* PID-corr Real Data (Stat. Uncert.)

N . " 4+ u* PID-corr Real Data (Stat. Uncert.)

T TR % ¥ =* PID-corr Real Data (Stat. Uncert.)

o’ b a” osf.. & o 4 K+ PID-corr Real Data (Stat. Uncert.)

osE ol 2 e 4 p+ PID-corr Real Data (Stat. Uncert.)
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Gl | L] Lo
0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1

z= Enarﬁcle’\l’az

uds charmgeneric MC cont exp7-55 3 streams, std cuts (Ipdr, Ipdz, NSVD, Evis)

In generic uds and charm MC,
most high z electrons are created in pair

production,
= | (N ' . most high z muons created in decay-in-flight

01 02 03 04 05 06 07 0B 08 1 0102 03 D4 05 06 07 08 08 _> high fake rates _> unphysical PID_Corr. Spectra
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Backup: Particle Misidentification Correction-
Obtain MC Probabilities from ,MCHadronBJ*‘ Sample

* Include non-ggbar processes entering HadronBJ skim in MC probability sample
« Otherwise MC PID probabilities produce unphyiscal spectra in correction

.~ type  cross section (nb) _ _ _ _
tautau (KKMC) 10.9187 (4-0.0003) After extensive discussion with Casey-
eeee 40.9 san, Inami-san provided tau, two-photon,
Iee“‘““‘“ ”:?3 I muon and Bhabha MC on the Nagoya
ecuu .
leedd 0798 | cluster.
|eess ||0,22? |
leecc 0.030 | All processes are generated in amounts
eotautau___ [0.018 | according to their cross sections at the
mumu (Kkmc)  [1.005 +- 0.001 | )
: lbhabha (BHLUMI)[[123.5 + 0.2 | respective energy levels.
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Backup: Particle Misidentification Correction-

Obtain MC Probabilities from ,MCHadronBJ‘ Sample

« Comparing ,MCHadronBJ‘ to real data HadronBJ skim for selected runs in exp41l

& ratio Real Data/ udscMC
& ratio Real Data/ MCHadronBJ

10 = o - ratio Real Data/ udscMC
O = . " ratio Real Data/ MCHadronB.
E C w ratio Real Data/ udscMC
B L 1 ratio Real Data/ MCHadronB.J
[y} 10° 8] K- ratio Real Data/ udscMC
Q0 = # K- ratio Real Data/ MCHadronBJ
— - 8] p- ratio Real Data/ udscMC
g - - p- ratio Real Data/ MCHadronBJ
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recon z of PIDsel

Exp 41 stream# 1, 63 runs continuum;
generic uds + charm + ‘Nagoya MC’; real data HadronBJ skim
IPdr < 13mm, IPdz <4cm; N_SVD(rphi +z) >=3; Evis >7 GeV

S S 0.
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lel g
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5 streams exp7-55 cont, ~335 fb”-1, ~600e06 events
IPdr< 13mm, IPdz < 4cm; N_SVD(rphi + z) >= 3; Evis >
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|e-->j- | |mu-->j- |
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Exp 41 stream# 1 + 2, 63/64 runs continuum, 557/572 runs onres;
generic uds + charm + mixed + charged + ‘Nagoya MC’,

total ~100 fb”-1, 235e+06 events

IPdr < 13mm, IPdz < 4cm; N_SVD(rphi + z) >=3; Evis>7 GeV



58/19
Backup: -

Particle Misidentification Correction—
Extrapolation of Real Data PID Probabilities

» Interpolate small gaps with real data PID probability
« Extrapolate high p,y, probabilities in high plab bins with Monte Carlo help.
» Color points: real data probabilities, gray points: generic MC probabilities.
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Backup: Particle Misidentification Correction- -

PID Correction & averaging between T1) and T2)

Proton turn-off at z~0.8: caused by fake rate K->p.
in D* sample fake rate K->p higherthanin MCHadronBJ:

Bin T, L5 <= coad o < ED bin B, &9 <= cosdy . < 084
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Color: real data K- ->p- probs from K out of D* decays. i = i 1 PID-corr a Real Data
Gray: MCHadronBJ probabilities from all gen K reaching the detector after : 407 g i K- PID-corr a Real Data
std cuts. =
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Black: method a) extrapolated probabilities. E, ; . ; ;
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Backup. PID Probability Extraction

» Probability extraction p(i->j): building ratios between signal yields- integrated signal

functions
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Backup: HadronBJ Impurities

Process o (nb)
bb 1.1
q7 (q=u, d, s, c) 3.3
T 0.93
QED (25.551° < 6 < 159.94°)  37.8
vy = qq (w > 500 MeV) 11.1

* Ininitial test study, following BN 390,

* QED backgroundwas neglected;

* Beam-gas background was also neglected, since only tracks within the ToF geometry
acceptance and with z < 0.75 were consideredin our analysis.

* upperboundis estimated for tautau (gamma gamma) events:
additional directed systematic uncertainty of -1.8% (-1.4%) per z-bin.

Physics VSon s = 10.58 GeV Vo = 10.52 GeV
Process | Cross Section [ub] | Relative Number of Events | Relative Number of Events
BB 1.09 27.9%
qq 2.62 67.0% 92.9%
R 0.05 1.3% 1.8%
QED 3.1073 51074 0.04%
2% 0.04 1.0% 1.4%
Beam-Gas 0.11 2.8% 3.9%
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Backup - Binning for Particle Misidentification

Correction

Piab biNNing:

bin0=0.5-0.65GeV
bin1=0.65-0.8 GeV

... widths of 200 MeV

bin12=2.8-3.0 GeV
bin13=3.0-3.5GeV
bin14 =3.5-4.0 GeV
bin15=4.0-5.0 GeV
bin16=5.0-8.0 GeV

c0sBiab binning:

bin O:
bin1:
bin 2:
bin 3:
bin4:
bin5:
bin 6:
bin7:
bin 8:

-0.511--0.300
-0.300--0.152
-0.152-0.017
0.017-0.209
0.209-0.355
0.355-0.435
0.435-0.542
0.542-0.692
0.692-0.842

1

Oiab binning within ToF acceptance
ToF B1an[34;120)°,
C0SBiabin [0.829;-0.5).

@iab binning reflects ACC hardware
segmentation.
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Backup — Likelihood Cuts for Particle Selection -

Selected Cuts on Likelihood Quantities
SPeCieS ] Le’id Ly, LK:?T LK:p L?TZp
e [0.85;1.0] | [—5.0;0.9) - - -
0 [0.0;0.85) | [0.9; 1.0] . - -
™ [0.0;0.85) | [<5.0;0.9) | [0.0;0.6) | [0.0;1.0] | [0.2;1.0]
K [0.0;0.85) | [=5.0:0.9) | [0.6:1.0] | [0.2:1.0] | [0.2;1.0]
p [0.0;0.85) | [<5.0;0.9) | [0.0;0.6) | [0.0;0.2) | [0.0;0.2)
e M K
_ . A
0.85 T “T /I \\
’ \
0.6\1 \\
\
\
I—K:1T \\ I—KP
\
Leid L“ ){0.2
1 S

hadrons, H hadrons, e m L P
EI y mp




Backup- CDC, ToF and ACC PID

discrimination power

« CDCdiscrimination power via dE/dx

«  ToFdiscrimination power via time-of-flight

—>

Track Times-of-Flight for Particle Species i [ns]
Momentum [GeV /(] e Ju T K p
1.0 4.004 | 4.209 | 4.274 | 4.892 5.572
2.0 4.003 | 4.008 | 4.013 | 4.123 4.421
3.0 4.003 | 4.005 | 4.007 | 4.057 4.194

+ ACCdiscrimination power via Cerenkov thresholds

dE/dx

6.5 1
log,,(p (GeV/c))

Refractive Cherenkov Threshold Momentum for Particle Species ¢
Index e [MeV/c] | u[GeV/e] | w [GeV/c] | K [GeV/c] | p [GeV/(]
1.010 3.6 0.75 0.98 3.48 6.62
1.013 B 0.65 0.86 3.05 5.80
1.015 2.9 0.61 0.80 2.84 5.40
1.020 2.54 0.53 0.69 2.46 4.67
1.028 2.14 0.44 0.59 2.07 3.94

1




Backup: Particle Misidentification Correction-
Uncertainty Propagation Procedure

For inverse values: take analytical inverse.

For uncertainties: Build MC ,instances’ of original PID matrix by varying each element

within its uncertainties, impose probability requirements, sample size 106

hSEDrej[4][4]
F Entries 1000000
7000~ Mean 1.153
C RMS  0.009224
6000
5000
4000 f
- / \
3000 f \
C +
20001 ;:’ g‘
1000
Iy N
D_llL_se-.:i::/r/llllh ||||E||||| |||||M:|‘_1-+_4.ILLJ_J_I|
112 113 114 145 116 117 118 1149 1.2

i

values of element i4 j4 in inverse MC instances

25000

20000

15000

10000

5000

hSEDrej[0][2]

AR R AR AR

Entries 1000000
Mean 0.0006577
RMS 0.001512

4
L
3

s {/-I_h"’l“rl 1 EI 1

-0.005 0
values of element i0 j2 in

1 1 1 I 1
0.005 001
inverse MC instances

T R
0.015




Backup- Accounting for Probability Nature of
Matrix Elements in Uncertainty Propagation
through Matrix Inversion for Sample PID Matrix

« green:all MC variants of original PID matrix.

* Dblack: rejecting all variant matrices which are not complying with
probability interpretation (columnsum > 1.0 || matrix element< 0.0).
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4a. Correction for Particle Misidentification -

I\VV. PID Probability Extrapolation

* PID probabilities not extractable for entire kinematic plane from real data

« Toobtain PID information and representative uncertainties also for highest z:
extrapolate real data probabilities with MC information.

« Toaccount for sample impurity of real data HadronBJ skim, extract MC information
from ,MC HadronBJ‘ = uds + charm + 2gamma + QED events.

« Perform PID correction with probabilities from two different extrapolation methods.
PID-corrected yields are average of corrections.

bin 4, 0.21 <= cosd, < 0.36
a sl TIPS A N 'S
u_;f_ F 8 T O O O s
Mz_ S e L : Color:real data probabi”ties_
0 e 311 Gray: MC probabilties.
SECTTTT b A 4 S Black: method a) extrapolated probabilities.
[ N S T T SO A1 A - v Triangles below O: internalindicators.)
i ] 3 4 Pl;b[ﬂf’-‘wci -u.z_nll ﬁ ] "ﬁlf ( . .
. . P [GeVic]
pi- -> pi- | K-> K- |

1




4a. Correction for Particle Misidentification
V. PID Probability Correction Results

| e- PID-uncorr Real Data j e- PID-corr a Real Data
> p- PID-uncorr Real Data 7 u-PID-corr a Real Data
i - PID-uncorr Real Data g g : - PID-corr a Real Data
®  K-PID-uncorr Real Data (== S R B o & K-PID-corr a Real Data

p- PID-uncorr Real Data : S f p- PID-corr a Real Data

Absolute Yields
Absolute Yields

107 Pchorr_a ...... ....................................................

uncorr. |
| L L R N A AN SRS AN B BN A AN AN B A AN [ e ———

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1
z= Epalrtii:le"‘\'{g"2 z= Ep\ﬂrtii:le"‘\'lrg"2

Belle experimental data, ~110M events, about 10% of available dataset

, e- PID-corr b Real Data : e- PID-corr avg Real Data
7 p-PID-corr b Real Data jt- PID-corr avg Real Data

10° : : : : £
E , - PID-corr b Real Data ?E J  n-PID-corr avg Real Data
1“ T__.:.- ................ ................ ............ 1 K- PlD{o" h Real Data 1“ - .. ................ ................ ............ I K_ PlD_co“o avg Real Data
10° et : f f A p-PID-corr b Real Data 10° g — e p- PID-corr avg Real Data
10° o e o, 10° & S ........ ey o .... ................

PSS W S M D

10° ................ ................ ........... ..... : |:> 10° ................ ................ ................ ................ ..... g .:

102 PIDcorr.b) ................ S S .......... 3 '
10 (Mclextrap’) ......... .......... 5 PIDcorr.Avg.a’b) ................ ........... w
] 102 03 04 05 05 o7 osoe i P02 03 04 05 06 o7 o8 08T
z= Ep\alrtii:le'r\'{g"2 z= Ep\artii:le'r\'{g"2

10°

Absolute Yields
Absolute Yields




4c. Acceptance Corrections

« MC-based correction for decay-in-flight losses, detector interaction, detector/tracking
efficiencies, analysis acceptance.

« Accountfor dependence of correction factor on MC hadronic interaction package

h, measured h,all _hall hall
I\Iz T I\Iz gz,global z, analysiscuts
h
gz,total

| Efficiencies for z- [ Efficiencies for K+ |

global particle |A and det/recon eff

+
+ analysts o
+

total correction factor

ar | T i — i S i B i L i S i S i — i L a 111 i 1111 i 1111 i 1111 i 1111 i L1l | i 1111 i L1 1| i 1111 i 1111
0 T 02 03 04 08 o neiated ID o 01 02 03 04 05 06 07 08 08 1
g a generated z for generated ID

1077 MC continuum events

1




Backup: Pion decay-in-flight study
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|) Absolute yields of all strongly generated particles, MC-tagged and
analytically calculated DIF parents

I1) MC-tagged and analytically calculated DIF parents relative to all
strongly generated particles
[11) charge ratio of all strongly generated particles and MC-tagged DIF
parents

DIF spectra for =-, in beamline for 10cm |

DIF spectra for =+, in beamline for 10cm |

10 —— strongly generated particles 10 —— strongly generated particles
10 10 charge ratios for 7, in beamline for 10cm
L EE S SO OO SURURTR O I O SO SR PP SOT
10 MC tagged DIF parents 10 MC tagged DIF parents - TN RV EAVURURERIN ¥ § RN | ot e L. ...
08 [ F T 1 EEE O FH PR S 13:_- : : : : : : !
L s P A analytically calculated DIF parents L PO A analytically calculated DIF parents 16 r
100 10° 1_4:_ .........
5 5 r
10 10 1.2
10 10¢ N
10° 10? e 08 LE L L L
102 102 V] RS SOSPOURIS PRSP POUON 2511 TS0 0 U A0 PRI SRR S0
10 i ! : : [/ P T FR e . 1||. 0.4 P bbb e b
ST P T P AT I o = PR PP P, DY S P T TS TN A £ T T L (Y VRO VRO UNON VPR WONPR O O 010 O AP SO |
g o1 02 03 04 05 06 07 08 09 1 g o1 02 03 04 05 06 07 08 09 1 o
generated z for generated ID genearated z for genarated ID

| Ratios to tot gen for ==, in beamline for 10cm

sagged DIF pareris | 3l generated

| Ratios to tot gen for =+, in beamline for 10cm

Coi11 I 1111 | 1111 | 1111 | 1111 | 1111 | 111 | 1011 | 1111 | 1141
0 o1 02 03 04 05 06 07 08 09 1
generatad z for generated ID

o.nnssé ...... i ......................... nﬁnmmmnwmmun — I Summary go 0 d I
—rL | consistency between

0.002F
0.0015
0.001 -

0.0005 -

: IR feme= e
.| 07 08 09 1
ganerated z for generated 1D

[|] = AT LN s 5 L E e o
¢ 01 02 03 04 05 06 07 08 09 1

ganerated z for generated 1D

[
I pi+ and pi- MC and :
I with analytical I
j calculation along
I beampipe
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5. Acceptance Correction |

- for systematic uncertainty on g,,,,,: generated 1M particles each for pion/kaon,
negative/positive, Fluka/Geisha/no hadronic interaction.

1M per sample, exp55
872'3.” 872'8.” single particle MC: conditions
z,global ®z, analysiscuts
: g 4+ g from FLUKA

—+—— 1 from GEISHA
—+—— 7 from no hadronic IA
—+—— K from FLUKA
—+—— K from GEISHA
—+—— K from no hadronic IA

1.0-'Global’ Efficiencies (up to det/recon) for charge - | 1.0-'Global’ Efficiencies (up to det'recon) for charge + |

z,analysis 7, all
|\Iz T Nz

0.07 0.07

0.06 0.06
0.05 0.05
0.04 0.04
0.03 0.03 -
0.02 0.02

0.01 0.1

]

0 1] ;
0 01 02 03 04 05 06 O0F 08 09 1 0 o1 02 03 04 05 06 0T 08 09 1
generatad z for generated ID generated z for generated ID




Backup: non-gqgbar contributions in MCHadronBJ

Exp 41 stream# 1, 63 runs continuum;
generic uds + charm + ‘Nagoya MC’ vs real data HadronBJ skim
IPdr < 13mm, IPdz < 4cm; N_SVD(rphi + z) >=3; Evis>7 GeV

.8 10’ f ::‘:C % '"]. habh R

Q@ L i F F ] ey 5 mimic

s 10 : §orrsd Somadic = 10 A —

T P S S 2 - PP N S S - o

3 10° ’\\~ ; : g 10° m
10* "~ s Red R 10
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Uil

. I 1
recon 2 of PID K-




Charged Pion and Kaon Multiplicities from Belle

- MC fractions of particles produced in strong or weak decays in
e+e- -> qgbar (u,d,s,c) -> X +pi, X + K strong decay products
- plotted is strong/(strong+weak) and weak/(strong+weak)

[Relative MC Yields for n+ | [ Relative MC Yields for 7- |

weak decay products

107 107
10° 107 =
107 i P TS P IR I P B 10° | T R TS R PR FTETR I
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09
generated z for generated ID generated z for generated ID
[ Relative MC Yields for K+ | [ Relative MC Yields for K- |
1
10" 10"
10° 107
10° i P P IS U DU DU P
0 01 02 03 04 05 08 07 08 09 1

3 j NN I NI T I N B
9~ 01 02 03 04 05 06 07 D8 09 1
generated z for generated ID generated z for generated ID

EI Belle Monte Carlo data, ~500M events




3. Chiral-odd Fragmentation Functions for the
extraction of transversity distribution

« To determine transverse quark spin distributions:
pp, SIDIS measure:
transversity X Collins FF: o X .
or
transversity X Interference FF (IFF): o X .

» Belle can measure: Collins X Collins or IFF X IFF by identifying two/four
hadrons in two hemispheres in final state, ete>(h)(h) X/ =2>(hh)(hh) X

I Event topology in I

]
GELEL L H

ete- CMS frame
Jetaxis: Thrust

1




3a. Collins Fragmentation Functlons. at Belle

« Collins effect: J.c.collins,Nucl. Phys. B396, 161(1993)
fragmentation of polarized quark into unpolarized hadron: B
azimuthal dependence of hadron production cross-section o (k X Py, l)- S,

1§q ﬁ 6 oc Sin ¢
o— o—— " N

q K N P

* Inunpolarized e*e- quark spin unknown -> Collins effect would average out
on single jet -> measure simultaneously in both hemispheres (quark spins
correlated)

_ =) 2-hadron inclusive cross section:
e da(e+e‘ — hlhzx)

dQdz,dz,
oc sin® ® cos g01+(02

€ ™M
ete- CMS frame

BELLE




3a. Collins Fragmentation Functions |H; at Belle

Measure ‘double ratios’ of normalized two-pionyields ->
access to favored-disfavored Collins FF (transverse spin asymmetries)

First published: Phys. Rev. Lett. 96, 232002 (2006)
Larger data sample: Phys. Rev. D 78, 032011 (2008)

o~

—

<enlk

0.15
0.1
0.05

0.2<z,<03

-005

—

0.3<2,<05

<02}
0.15 |-
0.1 |
0.05 |-,

-0.05 -

.....................................

0.6

= first direct measurement of
Collins effect

» significant, nonzero
asymmetries implying significant
spin-dependent effects in

e'e" —>0gg(g=u,d,s)

fragmentation

= this measurement used in first
extraction of quark transversity

distributions

Phys.Rev.D 75, 054032 (2007),
Updatein

Nucl.Phys.Proc. Suppl.191,98-107
(2009)

DD

\




s
3b. Interference Fragmentation Functions H; -
at Belle

« Again asymmetry would average out on single jet (unpolarized initial
state at Belle, quark spin state not known)

« ->measure simultaneous azimuthal modulation of two pion pair yields in
opposing hemispheres

Ao COS(% "‘(92) Hf(zl’ml)ﬁlq(ZZ’mZ)

Model predictions for IFF from:

Jaffe et al PRL 80, (1998)
Bacchetta et al. PRD 79, (2009)

ete- CMS frame

1




3b. Interference Fragmentation Functions H;
at Belle- Model predictions

= 0,041 = 004 = 0.04F = 0,047
- E m E m E L] E
0.03} 0.03F 0.03¢ 0.03¢ g
E i 002t ‘ 0.02F -
0.02% 0021 kb 0.0k .#_F_'__'_,_'_—I—
g_g1;___ 0.0tk ____-.-. o._'_;_l;taﬁ: 0 »
M= LA 0.015 0.01F
-0.01:— -0.01:— 0,02 0,02
F 020<z =030 F 030 <z, =040 -CII.I]IBE- 1]201::11]30 -CII.I]IBE- ﬂ.&ﬂizztﬂ.dﬂ
I N BT T 1 PN I 1 P I BRI R 1 PN B 1
B e IR L e e el L e e o e e e
m, [GeVic’] m, [GeVic’] z, z,

o 0.04 0,08 o 0.04f o 0,04
o 3 - E - E [ 3 - E
0.03F 0.03F 0.03¢ 0.03¢

F F 002 R 0.02H
0.0z 0021 —— o.0f _.F__'_.'l'_-. ) o.01f i—'—""""—'ﬂ_,
e T

0.01F oot oF of
of ol MM T 0.01F 0.01F
001t Q4p<z <055 001t 0s5<z <075 0.02¢ 040 <z, <0.55 o.02p 055 <z <075
: ' v E ' 1 0.03F ) 0.03F ]
B T Y ¥ B N R R N D X X S R e L T e e s 1 D04 S A TS 0E 0.7 08 08 1
m, [GeVic’] m, [GeVic’] z,

Red line: theory prediction + uncertainties, Bacchetta et al, PRD 79 (2009)
Blue points: data (after sign change and cos moment, decay angular moments adjustment)

* Model prediction: IFF larger around invariant mass of correlating resonance,
then fall-off

 Measured: ~ constant IFF at high invariant masses, raising |IFF for
increasing fractional energy

1




