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Hints for non-universality of fragm. Fractions

Summary



Fragmentation Functions and Fragmentation Fractions

Production Fragmentation Decays

Parton
Shower

________ HQ) fragmentation is hard
harder for larger mg
e.g., for Peterson param.:
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Fragmentation Functions are strongly model dependent

pQCD is applicable to “initial” Q-fragmentation: LO, NLO, LL, NLL. ...

anyhow, some parameterisation is needed for the non-perturbative (NP) rest

the NP parameterisation is strongly dependent from the perturbative core

(it is wrong to use MC fragmentation for NLO w/o full retuning the fragm. parameters)
Fragmentation Fractions are less model dependent, often assumed to be universal
f(c—D), f(b—B), f(b—D)=1f(b—B)*BR(B—D)

needed for normalisation of pQCD predictions



Fragmentation fractions of ¢ and b quarks into charmed hadrons at LEP
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Charmed hadron decay Branching fraction |% _
D" = K = 388 + 0.05 [6] arXiv:1404.388
DY 5 K v« 0.15 + 0.19 [6]
DI =+ é¢xt = (K- KT) =t 2.24 + 0.10 [6]
AT = pK = 6.71 = 0.35 |7,8]
¥ S D gt 67.7 = 0.5 |B]

[6] PDG 2014.
[7] Belle (2014) : B(A.* > pKTt*) = 6.84 +0.24 *021 %
[8] CLEO (2000) : B(A.* > pKT*) =5.0 0.5+ 1.2 %

In PDG 2014, B(A.* - pKTt*) =5.0 £ 1.3 % (indirect, with large
uncertainty due to model dependence



LEP measurements of charm fragmentation fractions

ALEPH, DELPHI and OPAL rate measurements:

HIIZ

ALEPH [9]
R.- fle— H.)-B %]

DELPHI [10]
Re- fle— H.)-B[%]

OPAL [11,12]
R.. f(e— H.) B %]

_DU‘

0370 = 0.011 = 0.023

0.3570 = 0.0100 £ 0.0146

0.389 £ 0.027 T o

—0.024

0.368 £+ 0.012 £+ 0.020

0.3494 = 0.0116 £+ 0.0140

0.358 + 0.046 To 0=

D7

0.0352 = 0.0057 = 0.0021

0.0765 = 0.0069 = 0.0037

0.056 = 0015 = 0.007

A

0.0673 = 0.0070 £ 0.0037

0.0743 = 0.0155 £ 0.0073

0.041 = 0.019 = 0.007

D

0.1089 £+ 0.0027 + 0.0039

01041 =+ 0.0020 = 0.0040

fle— D*+) = 0.2333 + 0.0102(stat) + 0.0084(syst) («— ALEPH rate measurement)

Re=1'{& — cc)/I'( £ — hadrons)

R.=0.1723 (SM calculation)

DELPHI and OPAL double-tag measurements:

flc — D*+) = 0.255 £ 0.015(stat) + 0.006(syst)

flc — D*+) = 0.222 + 0.014(stat) + 0.014(syst)

Correct all results with latest branching fractions

(«— DELPHI double-tag measurement)

(«— OPAL double-tag measurement)




Charm fragmentation fractions

All LEP results:

H.

ALEPH [9]
fle— H.) |%)

DELPHI [10, 14]
fle— H.) |%]

OPAL [11,12]
fle = H.) [%)

Dl..l
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234 =15+ 272

582 £ 40 o7

.D+

234 =08 x 13

222+ 07109
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911505

9709 %+ 0.5
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AT

28 £ 06 =03
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D*7 rate

233 1009
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2300409

D7 double-tag

2271506

224+ 141+ 14

Experiments are in fair agreement




LEP measurements of bottom fragmentation fractions

ALEPH, DELPHI and OPAL rate measurements:

H. ALEPH [15]
flb— H.) [%]

DELFHI |10]

OPAL |11,12]
Hy-fib— H.)-B |%]

DY | 605 +£244+16

0.4992 = 0.0162 £+ 0.0304

0.454 + 0.023 "5 moe

DY [ 234+134+10

0.4525 = 0.0204 £ 0.0226

0.379 + 0.031 TH-U=E

—0.025

D7 183 1909

0.1259 = 0.0100 £+ 0.0063

D.166 + 0.018 £+ 0.016

AT 110 =14 =06

0.0962 = 0.0187 = 0.0083

0.122 + 0.023 = 0.010

0.1315 = 0.0035 £+ 0.0053

0.1334 = 0.0049 £+ 0.0078

Ry = I'(Z — bb)/T"'(Z — hadrons)

R, =0.21579 (SM calculation)

OPAL double-tag measurement:

f(b— D**) = 0173+ 0.016(stat) = 0.012(syst) («— OPAL double-tag measurement)

Correct all results with latest branching fractions




Bottom fragmentation fractions

All LEP results:

H.

ALEPH [15]
f(b— H.) |%|

DELFPHI [10, 14]
flb— H.) |%|

OPAL [11,12]
flb— H.) %]

DL.I

MW7 xx24x13
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233 x13=x10
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BE
192+ 16 1)

_D.'I'

144 1508
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I 5i

72209 06

66+ 1.3 £ 06

113 +211+09

D*7 rate

23206 =09

23509 x14

"7 double-tag

1T5 16 12

Experiments are in fair agreement
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Weighted mean taking correlations into account:

HIZZ

f[['.' — Hej ||E-"r';:'|

fib— H.) %]

DU

pd2 24 07

28T £ 21X 08

_D'I-

22510 x05

223+ 1105

Dy

924+ 08 £05

138 =09 x 0.6

AT

2.7 £ 06 = 0.3

T3 X08 =04

D% rate

234 0.7 =03

23.3 = 1.0 = 0.3

Ir7 double-tag

244 13 02

1756 £20=x0.1

"7 combined

236 06 =03

221 0903

15t uncert. - stat.&syst., 2" uncert. - branching fractions

fle—=D") + flc—=D) + flc—>Dy’) +f(c—AN ) =
f(b—D°) + f(b—D*) + f( b—D_*) +f(b—A_*) = 102.1 + 3.1(stat @ syst) + 1.1(branching fractions)%

01.6 £ 3.3(stat @ syst) £ 1.0(branching fractions)%

Too low?

Important to measure fragmentation fractions to = *, =% and Q °.



Hints for non-universality of fragmentation fractions

In previous averaging of f(c—H_) (arXiv:hep-ex/9912064),
LEP and B-fabric measurements were combined

It is not done in the new averaging, because
f(b—H_) are certainly different at LEP and at Vs ~ 10 GeV
f(c—H_) show hints of non-universality as well:

AtLEP,  f(c—D**) > f(c—D*)
At 10 GeV, f(c—D**) < f(c—D*)

X Belle oproD [Pb] TpROD(CLEQ'04/BaBar) [pb]
DY - K—xt 1449 4+ 2 + 64 + 38 1521 £ 16 £ 62+ 36
Dt - K—ntqt 654 + 1+ 36 + 46 640 + 14 + 35 + 43
Di — ¢t 231 +2+92+77 210 + 6 + 9 + 52(1)
Af - ptK—nt 189 + 1 + 66 + 66 270 + 90 + 702
D — pogxh 510 + 3+ 84 + 39 550 + 24 + 35 + 39
Dt — Dot 508 + 2 + 77 + 20 583 + 8 +33 + 14
D — Dtr? 590 + 5 + 78 + 53 -
average D™ 507 +2+ 78425 -

Due to, in particular, exclusive production channels, e.g.: e*te~ — D+ Di*)-



Hints for non-universality of fragmentation fractions

f(b—A,) demonstrates p; dependance at low p:

LHCb, arXiv:1111.2357 (for p; < 14 GeV):

Lc fi"f ] (pr) = (0.404£0.017£0.027£0.105) x [1 — (0.031 £0.004£0.003) x pr(CeV)]
u d

LEP obtains 0.11040.019
CDF measures fy, /(fu + fa) = 0.281 £ 0.0127 0030558

Important to measure f(b—A,) in central LHC range (ATLAS, CMS)
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Summary

Averaging of LEP f(c—H_) and f(b—H_) measurements performed
They are intended for normalisation of MC and analytical predictions

2,qJ(c—H)and X, f(b—H_ ) look somewhat too low
Important to measure fragmentation fractions to = *, =% and Q°

There are hints for non-universality of fragmentation fractions
Important to measure f(b—A,) at ATLAS and CMS

11



