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OUTLINE

» Leading-power fragmentation in quarkonium
production

» Cross section and polarization of .J /)

* Summary
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HEAVY QUARKONIUM

* A heavy quarknium is a bound state of a heavy quark
and a heavy antiquark.

» J /1 is a charmonium with J'¢ =177,
provides clean signal through decay into lepton pair

» Typical energy scales : m > mv > mv* ~ Aqcp
v? ~ 0.3 for charmonia, v? ~ 0.1 for bottomonia

* Nonrelativistic description is possible :
use a nonrelativistic effective theory of QCD
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INCLUSIVE .J/1» PRODUCTION

* Inclusive quarkonium production cross section at
large pr provides tests of QCD through

» perturbative calculation of hard processes
involving quarks and gluons

* evolution of hadronic matrix elements such as
PDFs and fragmentation functions

* Furthermore, long-distance nature of quarkonia can
be investigated using NRQCD
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INCLUSIVE .J/1» PRODUCTION

* NRQCD factorization conjecture

Bodwin, Braaten, and Lepage, PRD5I, | 125 (1995)

o ey go o (O (n))
A+B—H+X ; A+B—QQ(n)+X |

Short-distance cross section LDME

» Short-distance cross sections contain physics above
the scale of the heavy-quark mass m,
perturbatively calculable

* Nonperturbative long-distance matrix elements
contain physics below m, scale with powers of v

* Sum is organized in powers of v
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INCLUSIVE .J/1» PRODUCTION

* NRQCD factorization conjecture

Bodwin, Braaten, and Lepage, PRD5I, | 125 (1995)

o ey go o (O (n))
A+B—H+X ; A+B—QQ(n)+X |

Short-distance cross section LDME

* At LO in v, the cc are produced with same color and
angular momentum as the J /1): color-singlet channel

» At higher orders in v, the ccin color-octet states can
evolve into a J /1) through soft gluon emission
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INCLUSIVE .J/1» PRODUCTION

* NRQCD factorization conjecture

Bodwin, Braaten, and Lepage, PRD5I, | 125 (1995)

o ey go o (O (n))
A+B—H+X ; A+B—QQ(n)+X |

Short-distance cross section LDME

» Usually truncated at relative order v* :
1S([)8], 3S£8] ,SP}S] : 3S£1] channels for J /1

* Color-singlet LDMEs can be determined from lattice
NRQCD, potential models, or from decay rates

* Not known how to calculate color-octet LDMEs,
usually extracted from fits to measurements at large P
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J /1 POLARIZATION PUZZLE

» Polarization of .J /1) was suggested as s
a test of the color-octet mechanism )\H“ﬂ ______________________________________ e
+1 : Transverse o % E

)\Q — 0O : Unpolarized fﬁ:¥

—1 : Longitudinal 0 el

CDF, PRL99, 132001 (2007)

« NRQCD at LO in o Pl‘edICtS Braaten, Kniehl, and Lee, PRD62, 094005 (2000)

15: pp N's =7 TeV

transverse polarization at large pr  * e vs)
» Disagrees with measurement o1 b, |
(2] o—+++ s (i
* NLO corrections are large in the
]_ S [8] and 3 P [8] Channels _1_5;I I_._:Tjnl-n;::L,r::::::;::f;::zm3)135002?and pll'ivatelcomm,

* NRQCD at NLO still predicts  cms.przsei o1
: i Butenschoen and Kniehl, PRL108, 172002 (2012)
transverse polarization

J/VP production at hadron colliders Young Scientists Symposium Hee Sok Chung



LP FRAGMENTATION

» Shape of the Pr-differential cross section is
important for extraction of color-octet LDMEs.

» Short-distance cross sections depend on scales of
both m and pr

» Corrections of higher orders in s can be
enhanced by powers of pr/m

» Large NLO corrections arise because new channels
that fall off more slowly with pr open up at NLO
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LP FRAGMENTATION

* The leading power (LP) in T (1/p7%) is given by

single-parton fragmentation Collins and Soper, NPB194, 445 (1982)
Nayak, Qiu, and Sterman, PRD72, [ 14012 (2005)

* Corrections to LP fragmentation go as mg / Pczr

: 3S£8] channel is already at LP at LO :
NLO correction is small

- 158! and 3P}8] channels do not receive an LP
contribution until NLO : NLO corrections are large
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LP FRAGMENTATION

 LP fragmentation contribution is given by convolution
of the |-parton cross section and the fragmentation
function for the parton to evolve into a cc

* LP fragmentation reproduces the fixed-order
calculation at NLO accuracy at large PT
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LP FRAGMENTATION

* Corrections beyond NLO accuracy can be obtained
by including perturbative corrections to the parton
cross sections and the fragmentation functions.

* Leading logarithms of all orders in a5 can be included
by evolving the fragmentation functions.

 These additional contributions can be combined with
the fixed-order calculation as

LP fragmentation LP fragmentation
resummed leading logs to NLO accuracy

LP+NLO LP
do do dO’NLO I doNt.o

dpr dpr dpr dpr

Additional fragmentation

contributions
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LP+NLO

The additional fragmentation contributions have
important effects on the shapes in CO channels
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J /1> PRODUCTION

* We obtain good fits to
data for pr > 10 GeV

(z 3 X mj/w)

CDF,PRD71,032001 (2005)

CMS, JHEP02, 011 (2012)

CMS, PRLI 14, 191802 (2015)

 Cross section is

dominated by the 15([)8]

channel
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J /1 POLARIZATION

¢ PROM PT J/r(p HAS A T from 4 (25)
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POLARIZATION | ;
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SUMMARY

* We present new LP fragmentation contributions that
have a significant effect on calculations of .J /)
production in hadron colliders

* When we include LP fragmentation contributions, we
predict the J /1) to have near-zero polarization at high
PT at hadron colliders

* This is the first prediction of small .J /v
polarization at high pr in NRQCD

* Work on higher-order corrections is in progress
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SUPPLEMENTARY



1(2S) PRODUCTION
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1 (2S) POLARIZATION

- Slightly transverse at the | Tevatron | CDFPRL85,2886 (2000)

CDF, PRL99, 132001 (2007)
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XcJ PRODUCTION

. 3S£8] and 3P}1] channels
contribute at leading order _

) % —1 Xe1 LPHNLO |y| < 0.75|
N U Q P —— Xe2 LPHNLO |y| < 0.75 |
a I $ s |
f'*/ — s
* We obtain good fits to 15 é
=< | Prompt
ATLAS data ATLAS, JHEP1407, 154 (2014) X:@ 103_;?:5“/35(;&, W .
1 . o) 3+ Xe2 ATLAS data, |y| < 0.75
+ The 3P matrix element L .
obtained from fit agrees i (V)
with the potential model
calculation
Potential model Our fit

'R'(0)]? = 0.075 GeV” R'(0)]° = 0.055 £ 0.025 GeV”

Eichten and Quigg, PRD 52, 1726 (1995)
—>Suggests that NRQCD factorization works
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XcJ POLARIZATION

17—

» Polarization of J /1 from LHC (v =7 TeV) |
Xcs = S/ +

Ao 00 //
* No measurement available |
051 W J/4 from Xe1, LP+NLO, |y| < 1.2
- [0 J/4 from Xe2, LP+NLO, |y| < 1.2 \ |
T l2lol i I3|0| 3 I4lol i I5Iol E I6IOI = I7Iol D
pr (GeV)
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