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Mesons : SU(3) Symmet

» According to the spin and parity, mesons (quark-antiquark pair) are
classified as follows:
» Pseudoscalar Meson - spin 0 odd parity
» Vector Meson - spin 1 odd parity B
(p(pT,p=, p%), K*(K*t, K*=, K*0, K*0), w and ¢)




Fragmentation Process

» Quarks and antiquarks cannot be seen individually due to their
confinement property.

» The quark-antiquark pair obtained in various (e™ e™, pp) processes are
observed only through the hadrons they produce. This is known to be
hadronisation or fragmentation process.

» These fragmentation processes are characterised by fragmentation
functions. QCD which explains this process at the quark level cannot
explain the origin of these fragmentation functions. However, QCD can
explain their scale (Q?) dependence.

» A comparison with experimental data allows the fragmentation
functions to be determined at a starting scale.

» A model is needed to determine these fragmentation functions from the
observed event rates!



Model - SU(3) Symmetry

Each meson has seven fragmentation functions associated with its
production: Dg(z,@?), Dg(z,Q%);q = u,d, s, and Dy(x, Q?).

So we have to predict 56 (8 x 7) unknown fragmentation functions. It
is quite hard.

A simple model for a light quark (u, d, s) to fragment into a vector
meson is proposed using SU(3) symmetry which is a good description
of octet hadrons.

Symmetries like isospin invariance and charge conjugation reduces the
functions further: three fragmentation functions valence(V'), sea(y) and
gluon fragmentation function.

The symmetry is broken due to the strange quark s which is massive
(~ 95 MeV/c?) and strangeness suppression parameter is accounted.

w and ¢, mixtures of octet-singlet mixing, can be explained with the
inclusion of very few parameters like mixing angle 6, etc..

No new fragmentation function will be introduced for the singlet sector
which shows the power of the model.



Quark fragmentation functions in terms of valence (V') and sea ()

functions.
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Process Involved

O(1)(D!) + O(a.)(DL + DY) O(a?)(D} + D) + O(a?)(DL + DI

» where as (Q2) is the strong coupling constant runs with the energy Q2
scale of the process.



Fits to e e~ hadroproduction data



» Cross section behaviour as a function of x, for vector meson
fragmentation in et e collisions.
» The solid lines are the best fits resulting from the present model.
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Fits to p p hadroproduction data



Scale (pr) dependenc

» Cross section as a function of pr for w (L) and ¢ (R) meson
hadroproduction in pp collisions at /s = 200 GeV and |y| < 0.35.

» Bands show the scale uncertainty on changing Q? = p% over a range
p%/2 (upper curve) < Q% < 2p% (lower curve) for all the three scales.
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Scale (pr) dependence-LHC

» Cross section as a function of pr for K* (L) and ¢ (R) meson
hadroproduction in pp collisions at /s = 2.76 TeV and |y| < 0.5.

» Bands show the scale uncertainty on changing Q? = p% over a range
p%/2 (upper curve) < Q% < 2p% (lower curve) for all the three scales.
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Various Input Parameters at NLO

Best fit values of the parameters defining the input valence, sea quark,
gluon fragmentation functions and other mixing parameters at the starting
scale of Q% = 1.5 GeV?, with their error bars.

par Cent. Val. | Error Bars
A 0.097 0.013
0 39.5 1.4
© 0.99 0.10(¥)
foa 2 const
(w) 0.000 -
2 (o) 7.48 1.75
K 0.42 0.02
w 0.90 0.02
¢ 0.22 0.01

par Cent. Val. | Error Bars
Via 2.42 0.30
b 2.24 0.21
c 2.71 0.13
d 2.43 0.59
e 1.17 0.78
v|a 0.32 0.01
b -0.73 0.03
c 3.53 0.13
d 0.70 0.14
e 0.42 0.26
Dyl a 2.43 0.07
b 0.94 0.05
c 2.68 0.03
d -0.18 0.04
e 1.04 0.07




Fits to the rapidity dependence of pp data
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» p and w falls slower with rapidity from central to forward regions and
are barely consistent with the data while in the case of ¢
hadroproduction, the model fits well with the data.

» In fact, reproducing this rapidity dependence was the biggest
constraint in determining the model parameter fits.



Events ratio

The event ratio is given by,

Ny BR(¢ — pp)oy

(N +N,)  (BR(w — pp)ow + BR(p — pp)o,)

for 1.22 < pr < 7 GeV/c, central (Jy| < 0.35) and forward rapidity

(1.2 < |y|] < 2.2) regions.

eThe ratio determined as 0.40 (central), and 0.30 (forward) is in agreement
with the data (0.390 & 0.021(stat) £0.035 (sys)).
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x? values

> x2 Values obtained from best-fits to p, K*, w and ¢ hadroproduction
from e™ e~ LEP, SLD data, and w and ¢ hadroproductlon for central

rapidity.

Data Set No. of data points  x?
Total eT e~ 44 17.91

o0 14 7.56

p 12 3.05

K* 6 3.65

w 6 1.02

é 6 2.63
Total pp(RHIC+LHC) 70 64.93
w(RHIC) 33 16.89
¢(RHIC) 13 33.62
K*(LHC) 11 16.89
$(LHC) 13 33.62




Conclusion

» Vector meson fragmentation has been studied for the first time in both
et e” and pp collisions at NLO.

» The SU(3) model with three light flavours uses universal functions, the
valence V(z, Q?), sea v(z, Q%) quark fragmentation functions and a
gluon fragmentation function Dgy(z, Q?).

» No new fragmentation function or additional parameters are
introduced in order to explain the p p hadroproduction data.

» The fragmentation of ¢ meson for pp collisions (RHIC) data will be
useful to understand, its production in nucleus-nucleus collisions as a
signal in QGP studies.

» A table of quark and gluon fragmentaion functions for all vector
mesons and a sample fortran code to generate the fragmentation
functions are available at,
http://www.imsc.res.in/ indu/Fragf .



10.

H. Saveetha, D. Indumathi, Int. J. Mod. Phys. A 32, 33, 1750199 (2017).

D. Indumathi, H. S. Mani, A. Rastogi, Phys. Rev. D58, 094014 (1998); arXiv:
hep-ph/9802324v1, 1998.

D. Indumathi and H. Saveetha, Int. J. Mod. Phys. A 27, 19, 1250103 (2012).

H. Saveetha, D. Indumathi and Subhadip Mitra, Int. J. Mod. Phys. A 29,7,
1450049 (2014).

Fortran code by Aversa et al., for cross section of p p collision.
http : //lapth.cnrs. fr/PHOX_FAMILY /readme_inc.html

G. D. Lafferty et al., J.Phys.G.21, A1-A151 (1995) Ackerstaff et al., OPAL
Collab., Eur. Phys. J. C 5, 411 (1998); for the p° and p™~ data on the Z-pole.

D. Buskulic et al., ALEPH Collab., Z. Phys. C 69, 379 (1996);
R. Barate et al., ALEPH Collab., Phys. Rep. 294, 1 (1996) for the w data.

K. Abe et al., Phys. Rev. D 59, 052001 (1999); K. Abe et al., ibid. 69, 072003
(2003) for K* and ¢ "uds” data.

A. Adare et al., RHIC Collab., Phys. Rev. D83 052004 (2011).

J. Adam et al., ALICE Collab., Phys. ReV. C 95, 064606 (2017); B. Abelev et al.,
ALICE Collab., Eur. Phys. J. C72, 2183 (2012).



Thank You



Backup Slides



DGLAP Evolution Equations

» The DGLAP evolution equations, named after the people who
introduced them —Dokshitser!, Gribov and Lipatov?, Altarelli and
Parisi®>— form the baseline to understand the fragmentation functions,
independent of processes involved.

» The general form of the DGLAP equation, a (2Ny + 1) dimensional
matrix equation in the space of quarks and gluons for the
fragmentation process is given by:

(B -0 5 [ (Gl )
<(3e)

Here the subscripts i,j run over different flavours.

2Yu. L. Dokshitzer, Sov. Phys. JETP 46, 641 (1977).
3V.N. Gribov, L.N. Lipatov, Sov. J. Nucl. Phys. 15, 438 (1972).
1@. Altarelli, G. Parisi, Nucl. Phy. B126, 298 (1977).



Quark fragmentation functions in terms of «, 8 and v SU(3) functions

Let ¢* be a quark triplet and M; a member of the pseudo-scalar meson
octet, where 7,5,k = 1,2,3. Case 1 : X being triplet, X*: The invariant
amplitude for a process

q — VJZ + X7,
is ¢; V/ X7, where X" and ¢’ are normalised. It is to be remembered
throughout the calculation that the indices of the amplitude should
contract to tensor of rank zero since cross section is a scalar quantity.
Hence in this case, X* = ¢', M]Z are the elements of the pseudo-scalar
meson matrix . For example, the rate for u — p™ + X is a|q1 V4 X?|* which
is equal to a. Here « is defined as the relevant fragmentation function for
the process. In a similar way, the rates for d and s quarks that fragments
into p* meson can be done and for all the three light quarks into other
pseudo-scalar mesons as well.
Likewise, the other two SU(3) probability functions 8 and v for X (= 6, 15)
are also calculated (see Appendix E of the Thesis).



Charge Factors of Cross Section at LO of et e~

The charge factors ¢4 are associated with the quark ¢; with flavour 4,
written in terms of the electromagnetic charge e;, vector and axial vector
electroweak couplings, v; = T5; — 2¢; sin? 0y and a; = Tsi, and similarly
those of electrons, ve and a. as

cq = c;/ + ch s
\7 4ma® 2 2 2\ 2
Cq - S [6q + 26q’l)51}q P1 (8) + (Ue + ae)vq pQ(S)] )
2
A ¥ ge
¢ = Tl tad) al mls)
(s) 1 s(m% — s)
s) = ,
"1 45in2 O cos2 0y (M2, — 5)2 + mE TS,
1 s?
p2(s) =

(48in? Oy cos?2 0i)2 (Mm% — s)2 + m3T%

For values of e;, charge of the particle, a;, the third component of weak
isospin, and v; with weak mixing angle 6, see appendix of thesis. 'z and
myz are the decay width and mass of the Z-intermediate gauge boson for
high energy scale.



Co-efficients of Cross Section at LO of et e~

» The singlet Dy and the non-singlet D3, Dg, D15 and D24 combinations

are:
Dy = Dy+ Dyg+ Ds+ D.+ Dy + anti-quarks
Ds = D, — Dyg+ anti-quarks
Ds = D,+ Dyg—2Ds+ anti-quarks
Dis = Dy+ Dg+ Ds —3D.+ anti-quarks
Doy = Dy+ Dg+ Ds+ D.— 4D, + anti-quarks

» The corresponding co-efficients involved in the cross section equation

are
ao = (cutcates+ceta)/s,
a3 = (cu—ca)/2,
ag = (cu+ca—2cs)/6,
a5 = (cutca+cs—3c)/12,
aza = (cu+cqa+cs+ce—4e)/20, (1)



