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Interesting dacists

Why bother about fragmentation functions

Comparison data/theory at NLO for inclusive charged-hadron pr spectra:
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® Large energy data tend to be overshot by predictions obtained with most of the
current FF sets = too hard gluon FF at large z?

® Not much progress since then.



Fittihgenethoaaleny: v
The NNPDF approach in a nutshell

e Monte Carlo sampling:

® construct a set of data replicas which reproduces the statistical features of the
original dataset,

® clear statistical interpretation.

e Neural network (NN) parameterisation:

® flexible functional form parametrised by a large number of parameters.

e Genetic algorithm/CMA-ES  for the fit:

® suitable exploration of the parameter space to avoid to fall into local minima of
the figure of merit.

® Determination of the best fit by cross-validation

® exploit the random distribution of the statistical fluctuations 1n a given MC
replica to avoid over-learning.

® So far, successtully used to extract PDFs and FFs.
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A word on the parametrisation

® I'l's are parametrised in terms of NNs with architecture (2-5-3-1):

Neuron (9,(“)

i Link (wl(j‘))
(j-1)th layer
In(x) () _ Z -1, .4) _ p0)
NN (x) | o g ( k wkl 9'
| K

Activation function:

|
b=l k=2 F=s b= g(x) = sign(x) In(|z| + 1)
Input * Hidden » Output

® Flach NN has 37 free parameters.
® I'l's are expressed as fi(z) = NN;(x) — NN;(1)

e The NNi(1) term ensures that f;(x) — 0

r—1
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Time-like evolution
® FFs obey the standard time-like DGLAP evolution equations:

HZWDRS = Pys'! D s
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® [ime-like splitting functions known up to NNLO.

® Numerical implementation in the code:
® careful benchmark against in the the N-space MELA code,

e perfect agreement with QCDNUM (after a correction of a bug in the latter).
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Clean channel: only FFs involved,
nigher-order corrections to NNLO,

nrecise data available.

) No Ravour separation
(V) tagged data for heavy-quark FFs.

¢ gluon distribution suppressed by ! s.

Relevant ehsenvabless )

Single Inclusiwe Anni/zilatiOhn (SIA)

=65 Cq! D'+ Cq! Dj+ Cps'!

SLD

® Data
- JETSET o
—— UCLA
—— HERWIG -

101 =

13 ®) ® DataJETSET (stat. error) i I—
W Systematic Error Band {

— UCLAJETSET i

121 —— HERWIGJETSET f
']

h
DNS
D'
qa $ 0% O
h _! 9c21 h
D\s = |é2"#1 Dq+
q e

CqCns ! O(1) while Cy! O(ls)



Relevanl obseflivabless

Hadroproduction in proton-proton collisions (pp)

- do" (1) 2) o Ao
— — X dprdn Z Ji J; dprdn
P 17k
, ) fé% S
P 10°
T — - X '

_a—

iy

iy

9L o CMS /s="7000GeV
L. 0 CMS /s = 2760 GeV

(V) Direct sensitivity to the gluon FF,
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e Physical parar‘r}eggs -
as(Mz) =0.118, aem(Mz) =1/127, m.=1.51 GeV, my =4.92 GeV
e Parametrisation scale
Q() = 5 GeV (> mc,mb)
® substantial heavy-quark intrinsic component,

® heavy-quark FFs parametrised on the same footing as the light FFs.

e 5 Independent FFs :
{Dys: Dgs qv, Dev, Dyv, Dy §
e Inclusive SIA data only constrains three FF combinations,
® heavy-quark FFs constrained directly by tagged SIA data.

® Each FF is parametrised by a Neural Net (architecture 2-5-3-1).

e Kinematic cuts :
[ 0.02 for /s = B
<min S % S <max Zmin — { 0.075 otherwise 9 <max — 0.9



it SettingsSs
e Physical parameters :
as(Mz) =0.118, aem(Mz) =1/127, m.=1.51 GeV, my =4.92 GeV
e Parametrisation scale :

Qo =5 GeV (> me, my)

® substantial heavy-quark intrinsic component,

® heavy-quark FFs parametrised on the same footing as the light FFs.

e 5 Independent FFs :
{Dys: Dgs qv, Dev, Dyv, Dy §
e Inclusive SIA data only constrains three FF combinations,
® heavy-quark FFs constrained directly by tagged SIA data.

® Each FF is parametrised by a Neural Net (architecture 2-5-3-1).
e Kinematic cuts - contributionsec My/ sZ andin(z)

<min <z S Zmax s




e Physical parari?gs -
as(Mz) =0.118, aem(Mz) =1/127, m.=1.51 GeV, my =4.92 GeV
e Parametrisation scale :
Q() = 5 GeV (> mc,mb)
® substantial heavy-quark intrinsic component,

® heavy-quark FFs parametrised on the same footing as the light FFs.

e 5 Independent FFs :
{Dys: Dgs qv, Dev, Dyv, Dy §
e Inclusive SIA data only constrains three FF combinations,
® heavy-quark FFs constrained directly by tagged SIA data.

® Each FF is parametrised by a Neural Net (architecture 2-5-3-1).
e Kinematic cuts contributions« In(1 - 2)

o 0.02 for \/g — MZ -
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An overview

® Many experiments provide data for charged-hadron production:

@ this data includes, not only pions, kaons and protons, but also heavier (and less
abundant) charged hadrons .

® Restricting to SIA experiments , data is available from:

e TASSO, TPC, ALEPH, DELPHI, OPAL, SLD.

® Some experiments measure also the longitudinal cross section:

e ALEPH, DELPHI, OPAL.

® Predictions for the longitudinal cross section start at O(! ):
® as a consequence it is NOt possible to go beyond NLO  (i.e. O(! (2)) yet.

® This data provides a strong handle on the gluon distribution



The NNFF1.0h analysis

C hali@dl MGG'FFES E. Nocera [ArXiv:1709.03400]

Experiment  Reference Observable /5 [GeV] Naat %2 /Naat

TASSO14 (5] ﬁ%‘{"; 14.00 15 (20) 1.23

TASS022 [5] - "—‘,’,-'ii 22.00 15 (20) 0.51

® General good description of the entire - 6 L&' mm uay e
dataset <#2 / Ndat — 083) TASSO35 [5] #""”} 35.00 15 (20) 1.14
TASSO44 5] %%ﬁi 44.00 15 (20) 0.68

® Particularly good the description ot the ALEPH Mmoo A oo mey Lo

longitudinal data . m (FF wm  war ox)
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The NNFF1.0h analysis

® Charged hadron FFs at the Z-boson mass scale:

Charge
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® Significant differences w.r.t. DSS, particularly for the gluon.
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Aside: the impact of the longitudinal data

CMS charged particle differential cross section at 2.76 TeV for Inl<1
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e Strong sensitivity to the gluon distribution

e Very significant impact of the longitudinal data
® dramatic reduction of the uncertainty

e Dbetter agreement with CMS data.

e LHC and Tevatron data expected to have a big impact on FFs.
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Impact hadroproduction in pp collision data
® CDF at the 7evatron, and CMS and ALICE at the LHC released

charged-hadron pr spectra at different c.o.m. energies:
e CMS and ALICE at $s= 900, 2760, and 7000 GeV,
o CDF at $s= 630, 1800, and 1960 GeV,

® Sensitivity to the charged-hadron FFs | particularly to the gluon,

® Hard cross sections currently know to NLO (i.e. O(! 9)).
e large scale variations at low pr. Consider only data with pr > 7 GeV.

® No CDF data points at 630 GeV survive.

® Include GMS, ALICE, and CDF data in the NNFF1.0 analysis of
charged-hadron FFs by means of Bayesian reweighting :

® use NNPDF3.1 for the PDFs.
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Impact hadroproduction in pp collision data

Process Experiment Ref. /s [TeV] Ngat X5 /Ndat X 2w /Ndat
STA various, see Table 1 in [33] 471 (527) 0.83 0.83
pp CDF 9] 1.80 2 (49)  3.32 0.20
10] 1.96 50 (230)  2.93 1.23
CMS 13 0.90 7 (20) 4.20 0.70
14] 2.76 (22)  10.6 1.24
13] 7.00 14 (27) 124 1.64
ALICE 15] 0.90 11 (54)  4.94 1.88
15] 2.76 27 (60)  13.3 0.82
15] 7.00 22 (65)  6.03 0.53

6.54) —p (L.11)

603 (1054)

® Substantial improvement of the single ! 2’s as well as of the global one:

® no tension between the different datasets.
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Chargedihadtend-FSs

Companison to LHC./ Tevatron data
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Chargedihadrend-FSs
Choice of the cut in pr

® A suitable p7 cut is important to avoid large higher-order corrections.

® bchaviour of the #2 upon variations of the cut:

700 056 26 :052 2

P cut 5GeV i 6GeV I TGeV | 10GeV
Experiment VE [TeV] 28 Nga |28 Nya ! Ao Ngaw 1 25 Naa
CDF 1.80 1.30 7 10.28 4: 0.10 25 — —
1.96 1.32 60 : 1.26 55§: 1.23 50 | 1.15 35
CMS 0.90 0.93 10 :0.67 8h 0.70 7 . 0.80 6
276 138 11 {127 10§ 124 9116 8
7.00 2.01 17 1 1.80 151 1.64 14 , 1.40 13
ALICE 0.90 2.56 15 }2.05 134 1.88 11 1 1.52 8
2.76 0.61 21 1 0.72 19| 0.82 17 ' 1.08 14
47 053 22!

Total

4 Too few
Candidates points

N

Too large#?




Chargedihadten:-F5s
Choice of the cut in pr

® A suitable p7 cut is important to avoid large higher-order corrections.

® stability of the FFs upon scale variations:
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Chaigedihaatend—F5s
Compatibility with NNFF1.0

® (Charged-hadron FFs can be

regarded as:

ht rt K=* pr/p res™ CMS .
D =D +D; +D;"" + D ratio to NNFF1.1h
. 1 7772 2 1
® lheretore: s NNFF1.1h: dashed.
5 i 3 2 __ NNFF1.0: solid |
Eh do_ Y En o o4t V$=0.90 TeV
(]BPh ) (13ph R — :
H=nr=,K=,p/p 1.6 | Vs=2.76 TeV
e Fulfilled within uncertainties.
1 s s e,
® |'he same argument applies to o4 |
the momentum fractions: j
1.6 |
Q =5 GeV NNFF1.1h NNFF1.0
i M (Q) M= (Q) 1 s e
g 0.86 = 0.06 0.80 = 0.18
ut 1.24 4 0.07 1.42 4 0.12 0.4 Vs=7.00 TeV |
+ -+ ‘ 5 ¢ I | | — :
d+ + S 2.05 = 0.08 2.07 &= 0.27 v 10 20 50 100 200
c 1.09 4+ 0.03 1.01 £ 0.08

b+ 1.06 = 0.02 0.98 4 0.08

o7 [GeV]



Summaiyy

® First determination of charged-hadron FFs including both
Tevatron and LHC data (NNFFL.1h)

e CMS/ALICE at$s=0.9,2.76, 7 TeV, CDF at $s=1.8,1.96 TeV.

e 148 datapoints in total.

® Inclusion of these datasets bKI rewe O%hmg of a pre-existing FF set
based on SIA data only (NNFF1.

® Remarkable consistency of these datasets:
e simultaneous inclusion of all of them is possible,
e very good description of all single datasets .
e Strong impact on the gluon FF:
® dramatic reduction of the uncertainty , particularly at large zZ

® much softer large-z gluon (in agreement with the predictions d’Enterria et. al).

® Consistent results with light-hadron FFs (NNFF1.0).
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