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"Fragmentation Functions ine* e “

et + e — v/Z4 — h + X

» Functions characterizing hard scattering final-state particle distributions in general form:

L _d%o" _ 3 (14c0s2(0) Fli(z, s)+osinZ(0) FR(x, 8)+>cos(0)Fl(z, 5
oy dxdcos(f” 8 & 4 b RN ad il | b

» The FFs most studied are the integrated (collinear) functions D/f_ ; describing
fragmentation of an unpolarized parton type “i” into an unpolarized hadron type “h”.

» Below the Z mass where the coupling is the quark charge squared, and gluons contribute

zero at LO
do(ete” — hX) o ZPG D?q z,Q*)+D} +{(%,@%)

q
where z is the fraction of the parton’s

momenta carried by the hadron h

hadronic jet
{ v¥ T/Q » These functions are like PDFs and

AVAVAVAV S transform under DGLAP evolution

oy D)(z.0%)
e’ q\‘ O§f » Universal: use in nucleon structure

studies via hadronic reactions or SIDS
Hadron
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e* e- Measurements for FF's

» e'e"— (qq is the cleanest way to access fragmentation functions
= EW physics known and initial parton showering can be calculated
= data and hadronization models — global FF fitting
= 2007: first unpolarized FF extraction w/ uncertainties and global analysis

= /s =MZ0 (weak coupling, note,) 5

* PETRA, PEP (~30GeV); charm  g§ ,F~ == f;fﬂf;_._. o
factories (CLEO-c, BES) ST SR —
_E‘- 10" & T-...."“‘.,—a—._._*qw hsm,v S S N S— ISR R S
» generally. experimental data (7K, etc.) ~ —¢—
limited in precision & coverage, and ... 10° "'*Mm, S S
. 10* I “’Cz " e?g:__._ e e
» few data at high z 0 e il & —"——-— —
= few data at low energy 102 ——
» B factories bring new scale — S _@....*+ Asoo
R iAo L
| S RAAP N ﬁ B NS S |

" large integrated lumi & high z reach 10" s sl Bt
= closer in energy to SIDIS e 6 07 08 0

N.B. global analyses include (COMPASS, HERMES) SIDIS & hadron data from (pp) RHIC and
the LHC. Various hyperon, charmed meson & baryon FF from Belle, Barbar & CLEO also exist.

2k |
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Talk Topics and Organization

> Introduction

@i,
' Detector

Tracking (DCH)

»  Single Hadron Measurements at p el

Belle and BaBar
> di-Hadron Measurements at Belle

»  Outlook and Summary
Belle Detector

Particle ID (DIRC)

=~ Aerogel Cherenkov cnt.
SC solenoid = f'ff- e N n=1.015~1.030
15T
\\\ - | g - e PEP-II: L= 1.2x10%*cm™2s! ; 9 GeV e+ 3.1 GeV e*
C?I6()}I‘I) T N T 3GV e Totals: ~ 520 fb-1 < 1.7 x10° e*e— qq evts
0 e = e -
TOF counter — :_;- g - S o Integrated Luminosity >lab™"'!
L= v e L=
8 GeV € 1 Drift Chamber soo| 255721 g::i |
nall cell +He/C,H, 38:3 b :
| I ool | 25:2a 7 ]
15: 5.7 fb! 1 &
" 1 Off -resonance: 87 fb™! i
Si vix. det. p/K; detection g _'

3/4 lyr. DSSD 14/15 lyr. RPC+Fe

200

e KEKB: L>2.11x10*cm2s! ; 8 GeV e+3.5 GeV e* '.
b Y-.(4S): 702-6 pb-l On/ 89.5 pb-l Off 1898!1 20001 2002/1 20041 2006/1 200871 20101

. -of- . .52 fi
Center-of-mass Energy 10.58/10.52 (on/off) » PID: (dE/dx+aerogel+TOF) vs. (DIRC+dE/dx)
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ll-l W.W. Jacobs

Single Hadron

B-factory results: e+e¢- measurements near Y'(4S) 10.58 GeV
Results from Belle and BaBar experiments (7, K, p/p)
Similar but different approaches in analysis and presentation

Global analysis update for pions
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‘ Belle Single Hadron Analysis I

» cross sections for identified charged Pions and Kaons
» binning in z = 2Eh/+/s starting from 0.2 with width 0.01 out to 0.98

» events from 68.0 fb-! off resonance; data from central detector region; beam/vertex
cond’s, 3 track min; HIM > 1.8 GeV; visible energy > 7 GeV (suppress 171 evts)

6« O\Q\ ‘5\ 4 @q)“%
‘2;\06 RO S (o N o4
\0%&\%00% N '\6\\\%\ ‘b&%\x QGQWO o X
o> 3 S &
. A A A
h o \( \ \( \
do' 1 i - 7 ~ ~ ~
dz B Lt ot € jo-z'.-n.t(*") " € ISR / F'S R() ’ Ea-cc(-v’-) ‘ G-n.o-'n.—ch(-v‘)
—1 . —1 e | !
X Ssmear(z, zrec) - P PID h h;(‘3059[@5-])[(1{)) '
\ J\ / V7
S, | ! g
26 Dy (cy, s,
Cop,. Ui Ut Use, M,
ey, & RN et ety "o
Qs [O]] 5 ER) OCJ/) 2¢)
» ISR/FSR: exclude evts (MC estimate) when /s/2 changes by > 0.5% (~ DGLAP
_resolution)
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7>
/[DO
BELLE

Belle Single Hadron Analysis IT

M. Leitgab et al., PRL 111, 062002 (2013)

108

107

10°

10°

do"'/dz [fb]

104

10% b

i n* (Statistical, Systematic Uncertainties)

[@ K* (Statistical, Systematic Uncertainties)

| PP PP PP P T dmchosfuna}

02 03 04 05 06 07 08 09 1
Z

> statistical + syst. uncertainties < 5% up to z
~ 0.65; rising to 15% (24%) for n’s (K’s) at
z ~ 0.9, increasing at maximum z

» systematics dominate with ISR/FSR for z <
0.5; near z ~ 1.0, PID, smearing and DIF
and reconstruction dominate

» 7z < 0.5 weakly produced n’s (K’s) are 30%
(50%), vanishing toward z ~ 1.0

E:ﬁ'ﬂ [l'l W.W. Jacobs

>

final charge integrated n*- and K*~ cross
sections vs. z

results includes all weakly produced n’s
and K’s; all decayed n’s and K’s are
recovered

MC derived fractions of n’s and K’s from
weak and strong decays in suppl. Material

precision measurement with high z
resolution; probes hadron production z-
dependence in region > 0.7

.i| EEE=EEE ISRIFSR

| E==] Decay-in-flight/Reconstruction

| 3309580 P1D

i [T 1 Kinematic Smearing

" ([ Sample Impurity

Event Selection ’
Acceptance

101 i wmmmmmas Statistics

T IIIIIFIT_

T IIIIITT'!‘

102

Rel. Upper Systematic Uncertainties n*

-
(=]
s
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E— BaBar Single Hadron Analysis I

» production rates for -, K*-and pp analysis and results
. J.P Lee et al. Phys Rev D 78, 032011 (2013
Data Selection and Procedures - i (2013)

> use “only” very good runs of 1 fb! at 10.54 GeV . ;‘59 =g
(4 fb! on Y'(4S) at 10.58 GeV for calibrations) _33:
> select clean ete- — uil, dd, s§ and cC events Zg:
= evt vertex, topology, visible energy, |cos Ot:mst| 303
= 2.2 million evts with 70% efficiency D
= understand backgrounds (< 5%) 0ig

|

» tracking: good drift chmbr and DIRC w/ pT > 0.2 PR T
GeV and within good detector acceptance/ops N 00 st

v y 0 3 \C-Oi_-'\lk

» hadron definition:
" 1o decay products of “stable” p, w, K;, n/n
= ... or K, hyperons (A, 2, etc.)
" measure “prompt” production
= Add back above for “conventional”

- production
" loeentoremm @ve - ISR: correct remaining effects (use JETSET?)
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WO BaBar Single Hadron Analysis IT

J.P Lee et al. Phys Rev D 78, 032011 (2013) » data divided into 6 polar angle subsamples

P il aaia iast L L LA L L L * independent analysis in each with
el e avg - . .
MOE = p2lave ] extensive systematic cross checks

o108 avg - . . .

roof |1 e ] = similarly, studies of detector performance,

p L v @85/avg i .

8104 | » 86lavg e MC corrections (mostly small)

§ 102 1.

g oF ¥ 7 \Mﬁ 1 79 > PID: likelihood from DIRC & drift chambers
096F [C= oep wyowmanc] t 4 ﬁ' '—: with efficiency matrix calibrated from data
094 |-—-- Total systematic .
0_920-||||(]|é|||!ll||[I|é||||2|||:?|é||||||||||||||||||| ||||||- 'gﬂo'l""l""l""l" EaamamE s AR AR,

C.M. Momentum (Ge\V/c) 8- R 0.2k BB i
— o . aBar
. S L * ® 7t prom
» transform analysis to the center-of-mass frame g ol © 9% >  conventional
1 dn.{- 1 d-n_z- =1 0% T e o i
( N sel )( dp.) - ( \T/l(l.(i)(dp* _Ej 4-_ .%% "o o
eV IL ‘ IE,'"(_.‘t 2 qﬁgg O_I__I__I_g_l__l__l_l__go_l_gl_To_fo_g&
. . . - “oo%o
» transfer matrices sensitive to true 0%, p* distrs vt TR e e
: ‘4 % o8 o = K prom p
with additional cross checks ook & % : somomst
a o 0.04 ° o Kconventional _|
. Ph_ a 3 i & p conventional |
> final results average over 0 regions; the overall .., BT p
normalization is to total hadron x-sec =3.39nb £ |- CR S PO
02 oy, . "o C'T""g—r—.“—.—"—r‘r‘%—g—rs—f'
» good coverage and precision for all species —— & Tl e,
00—.ﬂ1104grrr|1r.1ﬁ1+§rn42ﬁﬂﬁm%w .f«n&ﬂwnaifgfﬁé@

CM. Momémum (Gewiz)
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Global Analysis: Parton to Pion Fragmentation

D. de Florian et al., Phys. Rev. D 91, 014035 (2015) — Parton-to-Pion Fragmentation Reloaded

» comprehensive update of DSS (2007) analysis at NLO, including new BaBar
and Belle SIA, HERMES and COMPASS SIDIS and pp data from the LHC

Y L L I I S » Belle, Babar z < 1.0 analyzed;
TR T 3F 1~" 3 .
| BABAR GLL l: BELLE GL ddﬁ = n.=4,NLO cross section;
- : z z :
0 ot 0 ol norm =1.04, 1.05, respectively
» fine binned Belle data below
| Eld fit at high z, trend not visible
A, ] .
. \\ with more sparse BaBar data
0 e EQ E
N \\\a}ﬁ = » atz>0.8 large log corrections
10" F ;‘;“S“ wd90% CLbands ) %ﬂ- E may need resum/investigation?
':}:::}:::}:::}:.::Ili}:::}:::}:::}:::E >possibleexperimentalissues:
gif Zﬁ[dma—thcur}'ﬁa’lJlem}’ /I_" ‘} E: (data - theory)/theory -“E treatment Of Weak decay and
; \%;@*mﬁmwuwﬁ- e oaun,...m”m.,m,HHHH.HW.%m;ﬁﬁﬁﬁﬁﬂmwH - for Belle, ISR correction.
0.2 =l =
4 BN Eld E
RO Y ISP BN S | 0¥ P EESN B B » overall fits to data set are good
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1 . .
z z and Belle/Babar fit in “nicely”
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‘ Most Recent Belle Single Hadron Results

OELLE

> di-hadron analysis was used to extract new single proton results (from 109 fb-!)
with good replication of the previous Belle (Leitgab ) charged pions and kaons

—
[

—_

do/dz [fb

z
» proton results from 15taccessible bin (z ~ 0.19)
extracted w/ high precision; syst, grow at high z

S

R. Seidl et al. Phys. Rev. D 92, 092007 (2015)

10%5
-
L "
— L
(o7lmag e New =, K and proton
= ol | .'
E .. '.'....
B * *'*..l..'l..
106__ **_‘_ .I. "
= x, "a_%e,
C ** I..Q’.
B e " 0,
B ** I. 0'
105:_ ™ *a %e
= ... .. -
C ]
B II -°
104 + -8
= En+n
- WK'+K =
3L J—
10 = W p+p
102:0—III|IIII|IIII|IIII|IIII|IIII|IIII
01 02 03 04 05 06 07 08 09 1

W.W. Jacobs

> n*- and K*- points now extend
down to z = 0.1 (previous cutoff
z = 0.2); overall coarser binning

» new 7, K data slightly more “stift”
at highest z but within syst. errors

_ \
s
":" 10° > )
S Ee% Comparison
g [ e,
107 2%, e,
E "!_-_, '.4
E "aanea,
10° Py te,
= gy e,
- ’-s,_,;-
10° =
u IIWm'
10° KK
E m* Leitgab .et al '
10° = | K'lLeitgab etal
:PII|IIII|I||I|IIII|IIII|IIII|IIII|IIII|I|I
1‘%.1 02 03 04 05 06 07 08 089 . 1
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di-Hadron

* Recent Belle e"e” measurements at Y'(4S) 10.58 GeV and off
resonance checks

e Systematics of opposite and same hemisphere fragmentation

P W.W. Jacobs QCD-N’16 Bilbao, 11-15 July 2016
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Use di-Hadrons to Access Flavor Structure

» Inclusive single hadron measurements sum over all flavors of
quarks and anti-quarks

» di-hadron fragmentation into opposite hemispheres provides
access to favored vs. unfavored combinations (e.g, jets are not
independent); cross section at LO is a product of FFs

wi — 7w X o Du faz( @7 ) Dy faz( "2 Q )+Dg di,s( "1 Q° ) Dy, dzs( "2 Q )

+ + -+
- T T Y 2
ut > T Du faz( @’ ) Dy dis(72 Q° )+Dg dis(#1; Q ) Dy, f(u( 29, Q%)

» same hemisphere measurements of di-hadrons most
likely come from the same parton (mixed perhaps with
some multi-single hadron processes)

» the latter measurements should therefore be described by
di-hadron fragmentation functions DiFF h 1ho )( 0 2)

» any Hemisphere: no thrust or any hemisphere assignment; full statistics and
dominate features (will show some of these results)
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Di-Hadron Fragmentation Analysis Setup

Data Set
» 665 fb! (109 fb!) collected by Belle at (60 MeV below) the Y(4S) resonance

Extracted observables

» use 4x4 hadron combinations of mt, K in different charge combinations

» look at 3 hemisphere combinations
e same hemisphere ( thrust > 0.8 )
e opposite hemisphere ( thrust > 0.8)
e any combination ( e.g., no thrust selection)

» 16 equidistant bins in z; z, between [0.2, 1.0]

» Methodology

» use single hadron analysis approach but adapted to di-hadron analysis

» 1n particular, ensure cuts and analsyis techniques allow for use of large data
set taken on resonance with cross checks to below resonance data

E%’J W.W. Jacobs QCD-N’16 Bilbao, 11-15 July 2016 14



‘ di-hadron Correction Chain (similar to singles) ‘

PID mis-id PID matrices (5x5 for cos 6,,, MC sampling of inverted matric
and py,;, ) element uncertainties
Momentum MC based smearing matrices SVD unfolding vs analytically
smearing (256x256), SVD unfold inverted matrix, reorganized
binning, MC statistics
Non-qgbar BG eeuu, eess, eecc, tau MC Variation of size, MC statistics
removal subtraction
Acceptance I (cut In barrel reconstucted vs udsc ~ MC statistics
efficiency) generated in barrel
Acceptance I1 udsc Gen MC barrel to 4pi MC statistics
udces check evt record for weak  Compare to other Pythia
decays settings
Acceptance III Extrapolation to |cos6|=211in Fit uncertainties
(Fit to MC)
ISR Keep event fraction with E>
0'995 EClllS
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‘ Corrections to Yields & Error Estimates

yield ratio

relative fraction

relative fraction

Total Corrections

~

10°F e 19= K = K+K
F =——PID/raw il H
--- Smear /raw i —
[ non-qg / raw 4T | I
10F -+ - Acclll / raw i~ I o
F ==ISR /ra RPCLE _--I H BT
------- - ] IR U - B bt ugs - e L :
-------------------- P AL R At CE ] i EE r'__}
1 (T o e B
[ Ll
L -
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| TR FYRTI FETTL FRTEY FRTRI FTTRE P
0% 't B K’ :‘K+K+
E I =
% E ;
Froea. wr= 1, sl -
F = L e [ SRR LR R B
[ any hemisphere - B
.................................................................... o Lossslanas

02 03 04 05 06 07 08 L'lEl

03 04 05 06 07 08 0‘3

Non q qbar Removal

03 04 05 06 0.7 0.8 09

z,2,

data res =data cont
cT eess

242,

[k

U I [P W B (R R
02 03 04 05 06 07 08 09

0.3 04 05 06 07 0.8 0.9
2,2,

W.W. Jacobs

» biggest corrections to the raw yields
are at large z and due to smearing and
acceptance (diagonal z,,z, bins shown)

» remove non “u,d,s,c” pair events:
= Remaining Tt pairs
= decays from Y'(4S)
= 2 photon to quark processes

» systematic errors generally dominate

Error Budget l

s K

- Stat.

+ - ! .
ELT —--Syst. high i KK

nties

-
(=]

e Syst, low I- - I F

Ty

I atwe_unoeﬁau
3 g

rel
o

relative uncertainties
[plative L
(=] o

W 1,

=
(=}

104- L 1 1 1 1 1 1 ’
02 03 04 05 06 07 08 08 03 04 05 06 07 08 09
Zy z,z

0.3 04 05 06 07 08 0.9
Z Zn 2y
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‘ Full Results: Hadron Pairs w/ any Topology‘

(as a function of z, for various ranges of z,)

g g%%‘ 0.20 <z, < 0.25 g 0.25<z,<0.30 |3 030<z,<035 |n 0.35 <z, <040
Fag 23 5:5 P 38%9g §8aq. :
LTI G TP T T
@ gup 241 2 2441 TN vy tBiger Teed gy
> 0 v, Rt AR 1= Vv 'y
a 10 r 'L‘r - N
>~ — FNRNARTRRY N 1 1 1 Loaaal [ WERTE 1 1 1 1 L b A5 e 1 1 1 1 il ENRTERNNEY| 1 1 1 Vil
8 %10" rﬁ DAD <z, <045 |r 045<z, <050 |r 050<z,<055 |r 0.55<z2,<0.60
(@\| -a'__IDE g ] H =
S o g, L TH JITH 200850,
o Ewp Tvedtiggg. FUUvo TRegge.  TVvolRiRege..  Tveiliegen. .
N ® 3§ 7 g%e; v w ﬁﬁ _Dér Vy v ﬁ‘g’ G-'G‘r v vy v gg '3‘.@.
10 v v F
3 25¢ Voo B "ogu Bt AR 1
Q 1D::_ vv il v ?:_ ‘Fv v g_ v V‘F g
> N A T A T i B
(0] g -F < . )
a4 :‘10 - 060 <z, <065 [r 0.65<z,<070 |r 0T <z,<075 |r 0.75 <z, < 0.80
“ B 10° r r r
2 1?’1'35@ fpg #8099 deg g
= - : E E , &
A £ 10°E Vvvgﬁﬁﬂ'@g o I vgggﬁﬁg-ggﬁﬂe ’—"3%%@@@? goo ?g&ﬁﬁ'@'ﬁg oo
. £ vy g : v ige S vy Bg2e 'V [} &g
—_ 3 v - Vv B o v o o vy regalkyg o
10°r Vg En r v Sl | r v ] l-ﬂ'a""'r v o6, B g e
© ok Y v‘)Y-ﬁ? vvvv°°?.§§ v“vwé'-‘o%ﬁ? vvvqa"oE!*
'.G_'.) ;- ?I v TEr L 1 |v 1 ?Er L L vl?.ﬂ Er L Ivvl |:|.|:E;_
§ Eﬂf:r 080<z,<085 |r 085<z,<0s0 | EHBE v asta 090<z,<085 |r & | nK data 085<z,<1.00
% 1”.{105 = : 0w ata [F H:V."data
Qf: %.ms;%_ﬁﬂ- iﬁ- ;lIIn'K data ;r V | KK data
Soptedligeg 5 g
10°)F Yavte, r S
1D:;_ v v ;_ ;_
0T T UL E T D : TUE0E T L L
» unlike-sign © (like-sign z, combo’s

» consistent with dominate role of u-quark , favored vs. unfavored fragmentation
and suppression of strange quark production

l £ \, !
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‘ Hadron Pair Ratios to m*m (any Topology) ‘

» ratio nw'nt/nn | | has favored & disfavored combinations; favored ~ unfavored at
low z; disfavored decreasing toward the higher z values with ratio <1

0.20 <z,<0.25 : 0.25<2,<0.30 0.30<2,<0.35 0.35<z,<0.40

> same sign K

RO e T T PR e ) e

and K-m: less
than same sign
n at low z —
strangeness
suppression

cross section ratio

_cross section ratio

> at large z,
opposite sign
K and
K—1 become
comparable /
larger than
same-sign T —

disfavored vs.
R. Seidl et al. Phys. Rev. D 92, 092007 (2015) strangeness

cross section ratio

cross section ratio

l £ \, !
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= di-Hadron Hemispheric Composition

510?;— T

N*105E
o

111 | 1111 | 1
K'K*

|:| same hemi, T=0.8
|:|opp. hemi, T=0.8

— any hemisphere

R. Seidl ef al. Phys. Rev. D 92, 092007 (2015)
L
m
=
+
ﬁ-I-

108 i i AR AR T | -3 v A R R PR T
02 0.3 04 05 06 07 038 Oéfzz 03 04 05 06 0.7 0. 02.15!‘22 03 04 05 086 0.7 0.8 2322
» same hemisphere cross sections drop off rapidly with z,, z, binning
» consistent with LO expectation of:
= same hemisphere: single quark — di-hadron FF: (z, +z, < 1)
= small amount of data > 0.5 due to thrust axis smearing, etc.

- = opposite hemisphere: single quark — single hadron
@ [l.l W.W. Jacobs QCD-N’16 Bilbao, 11-15 July 2016 19




= di-Hadron Results for Diagonal z; z, Bins

Pythia default and current “Belle” settings generally describe

new hadron pair data, except at the larger z values

» low z region
dominates
yield and all
tunes agreed in
this region

» high z region
has not been
well measured
(esp. at these
energies),
hence larger
spread in tunes

ey W

—_— 7
g0t
B 10°k

—

3
® 10°k

10*E

al
10 = Bl data

102 ; — PYTHIA default

E ----Belle

any hemisphere

ot

= -.-.LEP/Tevatron
_— = HERMES
: old Belle
||||||I||||I||||

Q
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o
=)
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W.W. Jacobs
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di-Hardon Fragmentation: Takeaways

> first cross sections for pairs of charged hadron from e*e- annihilation extracted
from Belle data

> pion pair ordering consistent (opposite hemispheres) with suppression of
disfavoured fragmentation, e.g., same-sign pairs fall more rapidly with z than
opposite-sign pairs

» creation of strangeness is suppressed in ¢*¢” fragmentation

» same hemisphere pairs yields drop/vanish rapidly: consistent with LO
expectation: single quark — di-hadron fragmentation (z,+z, < 1)
[opposite hemisphere: single quark — single hadron fragmentation]

» new precise input to global analyses re: flavor separation of light hadron
fragmentation

» default Pythia fragmentation settings do a reasonable job describing new data

N.B. the polarized counterpart of the same hemisphere DiFF are the interference fragmentation
functions (IFF) used in conjunction w/ SIDIS to access transversity. The present unpolarized
DiFF serve as the baseline z dependence
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Outlook & Future I

Analyses in progress

di-hadron in same hemisphere in progress (Seidl/Belle)
* base line for quark transversity via di-hadron fragmentation

back-to-back hadron P imbalance in progress (van Huse + Vossen/Belle)
* quark intrinsic k; vs. transverse momentum from the fragmentation

k. relative to thrust axis from single hadron analysis (Seidl/Belle)
 thrust smearing and low k; Gauss fitting in progress

Analyses planned

single hadron data at lower energy with BESIII
have %, K, (2.-3.65 GeV), plan to do n*~ and K*-
= will provide low-Q? overlap with JLAB, ' fo R
COMPASS and HERMES expt’s \
= connect via evolution to higher scale

Near Future capabilities

the SuperKEKB, Belle II upgrade will enable
a new era of precision / quality measurements

in the upcoming years —

ll-l W.W. Jacobs QCD-N’16 Bilbao, 11-15 July 2016 22



Outlook & Future IT

Near future capabilities (cont)

g3 + aim: super-high luminosity ~ 10°¢ cm2s! (~ 40x KEK/Belle); expect to
<O

=k integrate 50 ab! over a ~ 7 year period starting with first data in 2017
elle I

» upgrades of Accelerator: nano-beams + higher currents

e detector upgrades: vertexing, PID, higher rates and modern DAQ
» for fragmentation studies: detector capability to tag charm events (current
large systematic for Belle/Babar) and provide better Kaon identification

charm discrimination with SVD & PXL May 20, 2016 final TOP module install
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* Feb 2016: first turns observed at SuperKEKB (4 GeV et+’s and 7 GeV e-’s)
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Summary and Conclusions

» single hadron: e"e- annihilation results from Belle and Barbar

= q*- K- and pp data expanded the kinematic range (esp. Belle high z)
with high precision data near 10.58 GeV
= data for pions incorporated into global analyses

» di-hadron: results from Belle ... first cross sections extracted
= sensitive to favored vs. unfavored fragmentation in the opposite
hemisphere topology
= same hemisphere: primarily fragmentation from a single quark

" new precise data for better flavor separation in global analyses

» outlook: ongoing analyses for: same hemisphere di-
hadrons; k studies via back-to-back hadron P
imbalance; single hadron k; relative to thrust axis

= New era of precision coming with Belle 11

» big thanks to Belle FF collaborators as well as
colleagues 1n this field for discussions, slides, etc.!

Thank you!
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PID Corrections from Data (Single Hadron Analysis)
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Misidentification =K up to 15%, K=z up to 20%
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yield ratio

yield ratio
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di-hadron yield ratios “after to
before” PID correction
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