CtaTyc namepeHusa R Ha
HNU3KOW SHEpPrnm

23.04.2025



RRRRRRRRRRRERREREERRRRRREA

Motivation of R measurement

og(e” et - hadrons) e

gle"et > u~put) T .

R(s) is used to determine:
* as(s)

* (gu — 2)/2

+ a(M3)

. m,




!

a%P = (g, — 2)/2

K(s) -
Aa, (6Aa,)?

0.63..
: 1.0 GeVj
: SR 8.() gey. 00 0.0 GeV, oo
; KK 3 oy 3.1 GeV
e rll L 3.1 GeV .
ms 2.0 GeV 2.0 Ge

2 00 e ’
LO P _ x K(S)R(S) d 1.0 GeV
ll' 37-(- > 2 S contribution SITOL
4m= S 2
A()hn"(j\lz) ((SA(XI'}"l(;UZ))

3.1 GeV 2.0 GeV 2.0 GeV
1.0 GeV

5.2 GeV 3.1 GeV
1.0 GeV
( ) R - 0.0 GeV, 0.0 %;(e\ -
= 9.5 GeV 13. GeV
1 — Aa(s)
13.GeV
5.2/9.5 GeV
contribution error’
Da =3 ™ 7 = Adiep(s)+Dapag(s)

- A. Blondel n ap. arXiv:1905.05078.

M2 oo
Aal®) (M2) = aMs3 Re/ R(s)ds .
37 am2 S(s — Mz — ie)
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Predictions

Naive quark model:

P B o(e"et = hadrons) _ N ,
O(S) - O_(e_e+ N M_'u+) - CZ eq
At energy 3.77 <+/s £10.58 GeV (u,d, s, C): R, =~ 10/,

PQCD in 3-loops: R(s) = Ry(s) (1 + C1% + (; (%)2 + C3 (%)3 + Cy (%)4)

Atne=4:C =1, =1525C; =—-11.686,C, = -89.822
P. A. Baikov et al. Nucl. And Part. Phys. Proceed. 261-262 (2015)

S N .
~ BoLl  (Bol)? " (Bol)?

3 3 5 2 L bs
by | —Iln L+§ln L+2lnL—§ —3b1b2lnL+?

a |b2(In2L —InL —1) + by | +

_|_—

(BoL)*

Atns =4: By = 2.083,b; = —1.540 ,b, = 3.048, b3 =179.558; L = ln%
Chetyrkin, Kniehl, Steinhauser, Nucl. Phys. B 510 (1998) 61
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R Measurements

B T T | T T T T E
- v -
10°L T 1 p2s) =
1021 N
R - f
10 | |
1 ; :
0L KEDR -
N experiment E
20 | | | _
10 | L1 | | | | [ \ L1 | 2
1 10 10

V3 [GeV



R measurement between 1.8 and 3.8 GeV
at KEDR -1

Vs, GeV Nooints det,pb_l Unc., % Ref.

1.84-3.05| 13 0.66 < 3.9 total V.V. Anashin. Phys.Lett. B 770
(=2.4syst.) |

3.08-3.72| 9 2.7 < 2.6 total V.V. Anashin. Phys.Lett. B 788
(=1.9 syst.) 2019) 42



https://www.sciencedirect.com/science/article/pii/S0370269317303477
https://www.sciencedirect.com/science/article/pii/S0370269317303477
https://www.sciencedirect.com/science/article/pii/S0370269318308505
https://www.sciencedirect.com/science/article/pii/S0370269318308505

Source

Syst. uncertainty, %

Systematic uncertainties (K

D

BRI

R)

Scan 1 and 2 (2010-2011) | Scan 2014-2015  Correlated
Luminosity 1.1 0.9 0.4
Rad. corr. 0.4 +-0.6 0.5+0.8 0.2 +-0.4
uds simulation 1.3+-2.0 1.1 0.9
Track reconstruction 0.5 0.4 -
J /Y 0.1 +27 0.1+1.8 -
P(2S) (at 3.72 GeV) 1.4 1.1 -
It~ 0.1+0.2 0.3+0.4 0.1+0.2
ete™ X 0.1 +0.2 0.1 0.1
Trigger 0.2 0.2 0.2
Nuclear interaction 0.2 0.2 0.2
Machine background 0.5+1.1 0.4-+-0.8 -
Cuts 0.6 0.6 —
Total 2.1 3.6 1.9 +27 1.1

(correlated 1.8 = 2.5)




Systematic uncertainties (BES3)

TABLE 1. Summary of systematic uncertainties (in percent) at each c.m. energy, where the total uncertainty is the sum of the
individual ones in quadrature. Uncertainties from the last four sources are correlated between the energy points.

Event QED Beam Trigger Signal ISR
Vs (GeV) selection background background Luminosity efficiency model correction Total
2.2324 0.41 0.23 0.28 0.80 0.10 0.60 1.15 1.62
2.4000 0.55 0.27 0.15 0.80 0.10 1.11 1.10 1.87
2.8000 0.58 0.28 0.34 0.80 0.10 1.97 1.06 2.48
3.0500 0.61 0.33 0.41 0.80 0.10 1.76 1.01 2.33
3.0600 0.60 0.34 0.48 0.80 0.10 1.84 1.00 2.39
3.0800 0.61 0.35 0.35 0.80 0.10 1.31 1.05 2.02
3.4000 0.65 0.33 0.16 0.80 0.10 1.86 1.24 2.49
3.5000 0.60 0.35 0.62 0.80 0.10 2.05 1.16 2.66
3.5424 0.61 0.37 0.01 0.80 0.10 2.05 1.14 2.58
3.5538 0.66 0.31 0.39 0.80 0.10 2.22 1.13 2.74
3.5611 0.74 0.34 0.34 0.80 0.10 2.28 1.12 2.81
3.6002 0.66 0.33 0.38 0.80 0.10 2.27 1.09 2.77
3.6500 0.53 0.35 0.69 0.80 0.10 2.28 1.13 2.83

3.6710 0.61 0.42 0.63 0.80 0.10 2.23 1.04 2.77




BES3 results

TABLE II. Summary of primary quantities mentioned in Eq. (1) and the measured R value for each c.m. energy, where the
uncertainties are statistical and systematic respectively.

Vs (GeV) Nian Nbikg Tyy (nb) Line (Pb™") Ehad (%) 149 R
2.2324 83227 2041 17.427 2.645 64.45 1.195 2.286 £+ 0.008 £ 0.037
2.4000 96627 2331 15.079 3.415 67.29 1.204 2.260 = 0.008 £ 0.042
2.8000 83802 2075 11.078 3.753 72.25 1.219 2.233 £ 0.008 £ 0.055
3.0500 283822 7719 9.337 14.89 73.91 1.193 2.252 +0.004 £ 0.052
3.0600 282467 7683 9.276 15.04 73.88 1.183 2.255 £ 0.004 £ 0.054
3.0800 552435 15433 9.156 31.02 73.98 1.123 2.277 £ 0.003 £ 0.046
3.4000 32202 843 7.513 1.733 74.81 1.382 2.330 £ 0.014 £ 0.058
3.5000 62670 1691 7.090 3.633 75.32 1.351 2.327 £ 0.010 £ 0.062
3.5424 145303 3872 6.921 8.693 75.58 1.341 2.319 + 0.006 =+ 0.060
3.5538 92996 2469 6.877 5.562 75.50 1.338 2.342 £ 0.008 £ 0.064
3.5611 64650 2477 6.849 3.847 75.50 1.337 2.338 £ 0.010 £ 0.066
3.6002 159644 9817 6.701 9.502 75.73 1.328 2.339 + 0.006 £ 0.065
3.6500 78730 6168 6.519 4.760 76.00 1.308 2.352 £ 0.009 £ 0.067

3.6710 75253 6461 6.445 4.628 76.11 1.260 2.405 = 0.010 = 0.067




Pe3ynbTraTbl namepeHns BeanNHunHbI

Ry/pp(2s) . _
V5, 3B Ruds () [R(5)} R () % :
1.841 2.226 + 0.139 £ 0.158 9.5(7.1) i P
1.937 2.141 + 0.081 + 0.073 5.1(3.4) 0.025 i
2.037 2.238 &+ 0.068 + 0.072 4.4(3.2) i i g
2.134 2.275 + 0.072 £ 0.055 4.0(2.4) - { :
2.239 2.208 £ 0.069 + 0.053 3.9(2.4) 0.02|-
2.340 2.194 4 0.064 £ 0.048 3.7(2.2) -
2.444 2.175 + 0.067 + 0.048 3.8(2.2) i
2.543 2.222 + 0.070 £ 0.047 3.8(2.1) -
2.645 2.220 + 0.069 + 0.049 3.8(2.2) 0.015[
2.745 2.269 4 0.065 4 0.050 3.6(2.2) -
2.850 2.223 + 0.065 £ 0.047 3.6(2.1) i :
2.949 2.234 + 0.064 + 0.051 3.7(2.3) 0.01-
3.048 2.278 £ 0.075 £ 0.048 3.9(2.3) i
3.077 2.188 1 0.056 £ 0.042 3.2(2.1) - H
3.120  2.212{2.235} £ 0.042 £0.049  2.9(2.2) 0.005 ; !
3.223 2.194{2.195} £ 0.040 £ 0.035 2.4(1.6) - ;
3.315  2.219{2.219} +0.035 £0.035  2.2(1.6) i ; .
3.418 2.185{2.185} £0.032 £0.035 2.2(1.6) o] g ® |
3.500 2.224{2.224} £0.054 £0.040 3.0(1.8) o8 3 3.2 34 3.6
3.521 2.200{2.201} + 0.050 + 0.044  3.0(2.0) V5, 9B
3.618 2.212{2.218} + 0.038 £+ 0.035 2 3(16) Ncnonb3ys napamerpsbi J/’t’[)— n w(QS)-
3.720 2.204{2.228} £0.039 +0.042  2.6(1.9)

PE30HAHCOB, HaXo4uM

Ruds(s) + Ry/y1w(2s) = R(s)
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R measurement between 1.8 and 3.8 GeV at KEDR - 2

R
45 * ADONEpr oo V.V. Anashin. Phys.Lett. B 770 (2017) 174
- # PLUTO O BES(2006) : ;
e T e g;ﬁ%%%‘@é}g)é V.V. Anashin. Phys.Lett. B 788 (2019) 42
— A Mark T - ‘
3.5 - % ADONE-MEA .
= & v A} E ] 3 l
- RS, STWCRPY FLTE.IEN SO % - '
1.5 f_ e Bl \“vl!lhl\lu'”u'll
1 —— R using CMD-3, SND and BaBar data 5 (GeV)
05 e PQCD + J /4 and 1(28) conributions M. Ablikim et a/. (BESIII)
ob Lo L L L L Phys. Rev. Lett. 128, 062004

3.5
Vs, GeV


https://www.sciencedirect.com/science/article/pii/S0370269317303477
https://www.sciencedirect.com/science/article/pii/S0370269318308505
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R measurement at B
ol f\ﬁ%ﬁ&faﬁirwata taking: w(3770)t Besm ] 11 | ( IT
B T BOI L it
il o L b;* NIARYS ‘} ’
-—I-co , , a e o |
& 5 . . . - e L e Bl \llll-mnxlcncn : ; oA [;(\(lw' ol
LU * * % * 3 A R . 1 1 i 0 " A 1 :
5 * o 8 B BamLw ] 25 3 35
1 o " ; . Vs (GeV)
o e | Data analyzed:
o e L | | | 2.23-367 GeV
2.0 2.5 3.0 3.5 4.0 4.5 5.0 1
. Ecm [GeV] (from W. Gradl) -|O energy pOI ntS
Data available: ~110 pb-!
21 energy points 3.85-4.59 CeV N
104 energy points M. Ablikim et al. (BESIII)
Phys. Rev. Lett. 128, 062004

2.00 - 3.08 GeV
~ 550 pb-’ ~ 800 pb"!
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Data samples collected at BESIII

10 2 g T T ] I T T [ ¢1 I I I [ I dI I I II I I I I | I I I I §
— < .
i w u, 9, L 31loop pQCD ]
10 S f Naive quark model =
E N Jom]) . .
- J, > ez Data sets collected so far include:
! E_ I Inclusive: _§ 9
- ) 1 » 10x 10° J/y events
0 B Can cover 0-4.9 GeV from [ ﬁngrEg[\)fRscan 526 pbt |
- direct annihilation or ISR L& _BES 1 » 0.5x10% Y’ events
“ N T I I I D)
] 0.5 1 1.5 2 24 aazaa |3 ) Scan data [2.0, 3.08] GeV; [3.735, 4.600]
! LA 215 i 4.23+4.26 .
sE T g T GeV, 130 energy points, about 2.0 fb-!
-] Mark-
,E@ = Markfll ¥ » Large data sets for XYZ study above 4.0
R - e PLUT00.5% 10
B #r Crystal Ball
4 | * thys GeV about 22 fb!
] o KEDft "
3 :_ i I c \-| HL <
F eu 4.61-4.95
2 Fo=tss bp staiﬁ 1.@,3‘11’ (13#‘ 8 fb
L | | L

3 5 5
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wn

“ 3 loop pQCD
10 | e Naive quark model =
I I I I I I I . - | e ——— e = S ISR
1 E E
g Inclusive: E
R [ At ¢ KEDR |
10 , Sive —
15 L g Sum of exclusive « DS E
- measurements ]
B [ ] OLYA, ND, \/MD CMD? QND . PR I | L | ! | L | I ]
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- v ClFO s | B Mark 11 P Yuus E
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S u [ | ‘ Tt ]
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I
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i | L . L 1
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: (1) (35) | b

7 T(28) \ -
g ‘hr(45) 1
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V3 [GeV]



RRRRRRRRRRRRRRRRREREEERERRR

R measurements

v
6-0 | E | I | I | I | I I 7---“’- vvvvvvvvv LI B ELY RFLESTUT K A LT S I ) [P E S o U JC o i RN G S B [ T

©CB Run 1 . LENA

>2| o CB Run 2 © DESY-Heidelberg :
A CB DORIS ¢ DASP II s
>0 o MARK1 v PLUTO

- N 4 B |.
R [ ] R ! NBL el o
0 ¢¢¢ o e g ey e
| [:] ] 3 |- —
¢¢DD : L ] ci
4.0 - i = Ml Cosme eta
v 2 - s 7]
S I [REEEEETT o I . — i O Cornell ,DORIS
$ & """ - k MD \llEPP a4
3 5 - T 1 — 1 [ &  VEPP-2M ND .
. | 4 DM2 —
- T i ’ i Al — ! relative
E / = 15 % % 15 % = 6 % = 3 % ] _error in
sol L Lol K SO e oo SOOI S SIS SRS it
. (0] 1 2 3 4 5 6 7 8 o 10

8-89 @ (G eV) 4738A29



da/dx

le,

Fragmentation functions

. — | . . h .
o : —— . Fragmentation function Dg(z) : probability
) E ™ . .
(| ? c that hadron h is found in the debris of a
T
e RS : hadron carrying a fraction z=2E,/+/s of
aq
N I
parton’ s momentum.
QED Hard QCD Decay I3
Scattening Fragmentation
: World data: K
World data: Pion orld data: Kaon
10"g T T 5 EARY RALAD R RO B T X f nge + - % -
62 . 0.02< 20.03 L e ep(ZEUS World Data (Sel.) for e ' — K™+X Production — :
07o %, @ i 200r(b) LENCEETAA: 00 eg {H1) ) o u.g:.z Lwﬁ : . ‘ seF 4 PLUTbja
100« 00501 'S ree ° (x 50) 2 o0 o b : P bl o, 0LEGe ]
[ goree = % t0 2 L Precise e*e-data E o, 1 reele 106V (13,109, (nbbet il M eL0aGer
300, ., 0<g02 17107 heeded,©, v+ © %o “gi0° o1 TR OBAL g T e e ' I ]
20+ Copc o v I » TS E o8 o #0 (x10) g 108 —t“f.‘—Ge'Mlxﬁ'{TuB‘)ik o
| g e 0205 L 0% e 00 K G 8 10 Ao ' M@‘ :
10°; S S ' se " E . 5 10° S o LT ;
5l B e, 03<x04 f e 80000 DX 0z 0.10-0.20 S a5 —r—. eV (30000) L ‘ ]
N I LTS N 9 & o T‘] .
17 1k "Cete 04<x06 b b [ ERSRERS0® 0 20 b # o 0.20-0.30 T 0 (<3009 I ° + §
Hg ! 1 —: ' :2322 E:g E? 0.30-0.40 102 T 0E | E
gt || DT R |
(0.1 TASSO ALEPH Lottt " 1 3= a) e |
| | | Rt | : 000 o 10 . o]
01ls Lackof " tees oo, ] [s HRS » OPAL ] ol 0 0.70-1.0 AR . Bkl T
Y e e TR 5 IR v O vhves PR TOPTRVTOVINOTE I | ol — ;o 0% "%4 02 03 04 05 06 07 o TN
0 010203040506070809 1 25 50 75 100125150 175 200 10 10 z 002 04 05 08 1D

Z= E/(Vs/2) v [GeV]

Q, Vs /GeV



Fragmentation functions at STCF

® e*e collider experiment provides the cleanest input for fragmentation functions (FFs)
fitting. To accurately extract Parton Distribution Functions (PDFs), more precise FFs are

required.

® Two types of FFs can be studied at an unpolarized e*e- collider: D and Hji-. Multi-

dimensional binning of the measurements can be provided.

® With polarized electron beam, more FFs can be studied.

103 )
1 [ ]Eic 10x100 Gev

[ ]EicC 3.5%20 Gev?

1004 = == =B T GeV- =~ = 2 :

Momentum transfer 0? (GeV?)

104 10-3 10-2 10-!

Fraction of momentum x

Leading Quark TMDFFs

Un-Polarized

)

Quark Polarization

Longitudinally Polarized
L)

Helicity

O—. Hadron Spin @ Quark Spin

Transversely Polarized
(m

W, (—l"]"f' = lo- — -a

t ot |,
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Access to Fragmentation Functions in Experiment

pp:o =), PDF®PDF ®o(q192 — q195) @ F'F
= Depends on unpolarized PDFs

= Parton momenta not directly known

m Leading access to gluon FF

SIDIS: 0= PDF®o(eq—e'q")® FF
= Depends on unpolarized PDFs
m Flavor structure directly accessible

Experimental observable:

etemto=)  o(efe” 5 q7) ® FF 1 doy
] O had,tot dz

= PDFs not involved ’

m Calculations known at NNLO

[ |

[ |

At leading order:

Flavor structure not directly accessible ete” = hX ~ Y e2D(2)
Cleanest access to Fragmentation Functions
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Avalilable World Data

1015
I sLD91.2Gev I DELPHI(UDS) 91.2 GeV T L391.2Gev f TPC29.0 GeV
ALEPH 91.2 GeV TPC(UDS) 29.0 GeV L391.2 GeV CELLO 35.0 GeV
| OPAL 91.2 GeVv I SLD(B)91.2 GeV { OPAL91.2 GeV } CELLO 34.0 GeV
1013 :t DELPHI 91.2 GeV DELPHI(B) 91.2 GeV 105 0 ALEPH 91.2 GeV CELLO 22.0 GeV
'n' I TPC 29.0 GeV I TPC(B) 29.0 GeV 'n‘ { ALEPH 91.2 GeV I CELLO 14.0 GeV
BELLE 10.5 GeV SLD(C) 91.2 GeV & JADE 44.0 GeV TASS0 34.6 GeV
I BABAR 105 GeV I TPC(C) 29.0 GeV { JADE 35.0 GeV TASSO 34.0 GeV
1011 | SLD(UDS) 91.2 GeV JADE 34.4 GeV TASSO 14.0 GeV
12 (."\.\ § JADE 22.5 GeV f ARGUS 9.5 GeV
10
- JADE 14.0 GeV . ] ] )
. T~ = Most information at high energies
: RS (SLAC, CERN, DESY)
N
:_g. 107 ] '\\.\\I
3 L = Lack of data below 10 GeV
‘§ 105, 10° ;\
-
kS] . . . .
a N~ = Unique opportunity for BESIII:
10°
103 \ 2 S \/E [GeV] S 5
101 - ‘q“\\.\.\
100 ----;--7--_"'1—-_
10-! T _
0.0 02 0.4 06 08 1.0 0.0 02 04 06 08 1.0

Li, Anderle, Xing, Zhao
arxiv:2404.11527



L
Available World Data

Li, Anderle, Xing, Zhao
| DELPHI 189 Gev arXiv:2404.11527 L3 92 91.20 GeV I CELLO 35.00 GeV

o 1 g:i:: ;?.325;:\’; 10° "7 L3_94 91.20 GeV JADES85 34.00 GeV

SLD 91.2 GeV { ALEPHOO 91.20 GeV JADE90 34.00 GeV

L i e ALEPH02 91.20 GeV [ HRS 29.00 GeV
i su::aJ 912 c:v I OPAL91.20 GeV I MARKIl 29.00 GeV
ALEPH 91.2 GeV | AELPH92 91.20 GeV ARGUS 9.46 GeV
I ALEPH 91.2 GeV
TOPAZ 58.0 GeV
| TASSO 42.6 GeV
| TASSO 35.0 GeV
| CELLO 35.0 GeV
TASSO 34.5 GeV
T TASS0 34.0 GeV
MARK Il 29.0 GeV
TPC 29.0 GeV
HRS 29.0 GeV
| TASSO 22.0 GeV
TASSO 21.5 GeV
| TASSO 14.8 GeV
TASSO 14.0 GeV

13
10 107

-
(=]
=

10°

10°

S
]Jdatorapdofdz X C

1/doqadofdz x ¢

10t 10!

—~ x 107t
10! T 1

-3
0.0 0.2 0.4 0.6 0.8 1.0 10 0.0 0.2 0.4 0.6 0.8 1.0

Lack of precise data at low energies, where BESIII can contribute!
and VEPP-6
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Unpolarized FFs measurements at BESIII

Experimental observable at e colliders:

1 do(ete” - h + X)
O.oc(ete™ — hadrons) d Py,

h is a particular type of hadron such as n°, 7, K~ ...

* AtLeadingorder ~ >_ ¢ ;Dh/ !

Unpolarized fragmentation function (D)

Fractional energy of hadron z = 2E}, /+/s
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Normalized Hadronic Cross Section

1 d0'(6+€_ — h + X) N, 1 NhObs 1
O had dps, Nhaa App, Ngs App

/ Differential inclusive production

Inclusive hadronic cross section cross section of hadron h
" R-Value measurement at BESII|

fn

Correction factor
= Reconstruction efficiency
[ é ®= Radiative corrections

' + 1§ = Based on generator development
aA . + ++ *Uo. "}* £ ”&} :

3| ;

for R-Value measurement

o
|

® BESHI (this Letter) ® Al tal'Bal

R
=
~ —

1
r &,

3
Vs (GeV)



Inclusive /K production

R R A

)g..fi.::.i.. LR

IR
i e BESIII (this Letter) ® BES A CrystaliBall
m KEDR * MARK-I ¢ PLUTO === pPQCD+J/y and '
L L | | | 1 | L | | I
2.5 3 3.5
Vs (GeV)
Vs (GeV) L (pb™h NP Npgg
2.2324 2.645 83227 2041
2.4000 3.415 96627 2331
2.8000 3.753 83802 2075
3.0500 14.89 283822 7719
3.4000 1.733 32202 843
3.6710 4.628 75253 6461

p € (0.4,0.5) GeV

1000
b [
=
> R
‘E_ R
@ 500 —
— L
=
o L
O —
.._J__.__--f 1 |\1.__.__.__|__._
SFE
> 0 . A‘jxi¢ *"-‘“-r;1“7%‘,1%7“7*1}‘9,;*7 Q’Y?*f‘*‘f“‘{‘ﬁ“
0.10 0.12 0.14 0.16
M(yvy) (GeV/cz)
AU UL 3
++ 2.8000 GeV
—4— 3
- E
.,|.,.|...1...|...|—T—!—?—!—9—7:
02 04 06 0.8 1 1.2

p(n%) (GeV)

5 i
= 100 ~
(b}
g L
z |
S 50
o L
(@] R
— L _f-; 1 "‘--.-.__._ |_t._
SFE
=2 —0 é_iiw;ﬂu{_,{.%xhn 661_;, i5‘fvéyf'éy§ixkiy#+yiié*¢§ix i
0.48 0.50 0.52
M) (GeV/c?)
0.35
0.3F =
- : + 2.8000 GeV 1
> 025F —+- _I_ :
@ -
S o2k -+ -
::xcn cxm E E
£ lgo1sF <+ e 5
— B 01F 4 :
6 f —+ ;
0.05F — 3
Oy 02 04 06 08 1 12

p(KJ) (GeV)
PRL 130 231901(2023) BES
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Results for 7’and K,

8F Vs=22324GeV | Vs = 3.0500 GeV _ Vs = 2.2324 GeV _ Vs = 3.0500 GeV
p (S (04, 05) GeV/e i Moo || 0_3E s -::F;::’mi : s e
1000 : () I v | Qook L+ A
‘3‘1 % 100_ W i = ARS NNLO [ E -+
> 2 I ) ossmo | So.t ot +
= s I L : F :
B 500 a | T~ e SRR s 25 —”C? e AT T RN SN .o S
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m Disagreement with existing fits of Fragmentation Functions
= Depending on+/s and px
= Problem in extrapolation of Fragmentation Functions to lower energies?



RRRRRRRRRRRRRRRRRRRRRRRRRRR

Results: inclusive % /K?

g 8;— 2.2324 GeV * From theory side: fitting with BESIII data, hadron
3 eH e * mass effect, large z re-summation, and so on
= 3 o  From experimental side
Sls | * Primary hadron vs from resonance decay
& 4 e = measure e* e — p(®, ¢+ X, and so on
= - E— * Contribution of vector states p*, @™ and ¢*
p_, (GeVic) s = e e - pYorptr—>h+X

PRL 130 231901(2023) BES]
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Results for n
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m Disagreement with fit of Fragmentation Functions in Phys.Rev. D83 (2011) 034002
m Agreement with new fit by Li, Anderle, Xiao, Zhang (arXiv:2404.11527)
m Includes NNLO accuracy, higher-twist effects, and hadron mass correction
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Further Measurements at BESIII

Large amounts of additional data already collected
= 170 energy scan points with >10° hadrons
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