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@ Colour-Singlet Model (CSM) back in the game
[large NLO and NNLO correction to the Pr spectrum ; but not perfect — need a full NNLO]

P.Artoisenet, J.Campbell, JPL, F.Maltoni, F. Tramontano, PRL 101, 152001 (2008); JPL EPJC 61 (2009) 693
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@ All approaches have troubles in describing the polarisation, here or there

@ New hope in double-parton fragmentation Kang, Qiu, Sterman, PRL 108 (2012) 102002
[Next-to-leading power in Pr; Not to be confused with Double-Parton Scattering]
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o All this motivates the study of new observables
which can be more discriminant for specific effects
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Colour-Octet Mechanism (COM) helps in describing the Py spectrum
Yet, the COM NLO fits differ a lot in their conclusions owing to their
assumptions (data set, Pt cut, polarisation fitted or not, etc.)
(See Mathias’ talk)

All approaches have troubles in describing the polarisation, here or there

New hope in double-parton fragmentation Kang, Qiu, Sterman, PRL 108 (2012) 102002
[Next-to-leading power in Pr; Not to be confused with Double-Parton Scattering]

o All this motivates the study of new observables
which can be more discriminant for specific effects

@ One of these is quarkonium-pair production
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@ NLO™ approximation to evaluate
the impact of QCD corrections [nicely confirmed by a full NLO]
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@ The Py & M, distributions depend very much on the topology (see later)
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@ The Py & M, distributions depend very much on the topology (see later)

@ ofental = 4.83 nb; gt ahg = 534 nb; oL =5141.0+11nb: that’s it at low Py?
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@ The Py & M, distributions depend very much on the topology (see later)

@ ofental = 4.83 nb; gt ahg = 534 nb; oL =5141.0+11nb: that’s it at low Py?

o Large enhancement at hlgh PT JPL, H.S. Shao PRL 111, 122001 (2013); L.P. Sun ef al. arXiv:1404.4042 [hep-ph]
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On the importance of QCD corrections : Py enhanced topologies
JPL, H.-S.Shao PLB 751 (2015) 479

@ AtBorn (LO) order, the P4" spectrum is §(P}"): 2 - 2 topologies
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@ AtBorn (LO) order, the P4" spectrum is §(P}"): 2 - 2 topologies

@ It can be affected by initial parton kr (See Sergei’s talk) [« interest for TMD studies]

@ By far insufficient (blue) to account for the CMS measured spectrum

10 T Lo SPS+smedrmg ug 4
—~ ol 5% NLO® o5 E
% 107 KX Wecy o’ E
—2 B QAN E
Q 10 ; % .
'@ 107 E=b Y&\/I”\\'Z E
N E
3 - 10 . 1 T
S !
5 107°%E LA

< ,f 7TeVeLHC 3
107" ¢ CMS Accep. :
—8f ) ) | 5

10 0 20 40 60

Pl;/.l// (GeV) data: CMS Coll. JHEP 1409 (2014) 094

J.P. Lansberg (IPNO) New observables in quarkonium production April 14, 2016 4/14



On the importance of QCD corrections : Py enhanced topologies
JPL, H.-S.Shao PLB 751 (2015) 479

@ AtBorn (LO) order, the P4" spectrum is §(P}"): 2 - 2 topologies
@ It can be affected by initial parton kr (See Sergei’s talk) [« interest for TMD studies]
@ By far insufficient (blue) to account for the CMS measured spectrum

1 £ R\\\\\\ LO SPS+smedrmg ug
- K% NLO® o
i i
—2 RN
Q 10 . X
'@ 107 E—L & @ XX
~ 04—
3&‘& 10 5 1 QRS
5 107 DE —
5 10°6C LA
< _f 7TeVeLHC
107" ¢ CMS Accep.
-8t . . |
10 0 20 40 60

Pl;/.l// (GeV) data: CMS Coll. JHEP 1409 (2014) 094

@ «? contributions (green) are crucial here and do a good job even at P} ~ 30 GeV

J.P. Lansberg (IPNO) New observables in quarkonium production April 14, 2016 4/14



On the importance of QCD corrections : Py enhanced topologies
JPL, H.-S.Shao PLB 751 (2015) 479

@ AtBorn (LO) order, the P4" spectrum is §(P}"): 2 - 2 topologies

@ It can be affected by initial parton kr (See Sergei’s talk) [« interest for TMD studies]

@ By far insufficient (blue) to account for the CMS measured spectrum

10 T Lo SPS+smedrmg ug 4
- % NLO* 0, E
% 107" SR yecy o’ E

—2 B QAN E
o 10 . %
@ 107 E—L (\X\ @ X E!
g -4\ B
3 RS
s 0 i I
5 107°%E RS
S ,[ 7TeV@LHC E
107" ¢ CMS Accep. :
—8f ) ) | 5

10 0 20 40 60

Pl;/.l// (GeV) data: CMS Coll. JHEP 1409 (2014) 094

@ «? contributions (green) are crucial here and do a good job even at P} ~ 30 GeV
) Slight offset up to P#w ~ 20 GeV [ about a factor 2, but well within error bars]
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@ «? contributions (green) are crucial here and do a good job even at P} ~ 30 GeV
) Slight offset up to P;:w ~ 20 GeV [ about a factor 2, but well within error bars]
@ We do not expect NNLO (a?) contributions to matter where one currently has data

[the orange histogram shows one class of leading Py af contributions ]
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On the importance of QCD corrections (III)

o CMS sample affected by an acceptance Pr
cut (4-6 GCV) CMS Coll. JHEP 1409 (2014) 094
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As we will see, some kinematical
distributions are also problematic
— the so-called CMS puzzle
@ As we will also see, this was foreseeable
(this should not have been a puzzle at all)
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The so-called CMS puzzle
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o At P¥ ~ 0, where the bulk of the yield lies, one has M, ~ 2m}.cosh %

J.P. Lansberg (IPNO) New observables in quarkonium production

April 14, 2016 6/14



The so-called CMS puzzle

10

T ‘
KRGS tsm

do/d|Ay| (nb)

7 TeVeLHC
[ CMS Accep.

‘x//c&// CSM‘

do/dMy,, (nb/GeV)

-5 L L
10 0 1 2
|Ay| betw

een Y

1 , ‘ TWLO CSM - ]

i NLO* CSM yeey CSM
10~ i
1073 ]
10~ f ]
10°3 f
10-5F
1077F 7 TeveLHC
10-8 L CMS Accep.

-9 F ) )

10 0 20

40 60

o At P¥ ~ 0, where the bulk of the yield lies, one has M, ~ 2m}.cosh %
@ Large Ay, i.e. large relative longitudinal momenta, correspond to large M.
[At Ay = 3.5 and Pt = 6 GeV, Myy ~ 40 GeV/]
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o At P¥ ~ 0, where the bulk of the yield lies, one has M, ~ 2m}.cosh %
@ Large Ay, i.e. large relative longitudinal momenta, correspond to large M.
[At Ay = 3.5 and Pt = 6 GeV, Myy ~ 40 GeV/]
@ The most natural solution for this excess is the independent production of two J/y
— double parton scattering
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The so-called CMS puzzle
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o At P¥ ~ 0, where the bulk of the yield lies, one has M, ~ 2m}.cosh %
@ Large Ay, i.e. large relative longitudinal momenta, correspond to large M.

[At Ay = 3.5 and Pt = 6 GeV, Myy ~ 40 GeV/]

@ The most natural solution for this excess is the independent production of two J/y
— double parton scattering

@ Predictions for LHCb, DPS >> SPS at large Ay

C.H. Kom, A. Kulesza, W.J. Stirling PRL 107 (2011) 082002
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At P}¥ ~ 0, where the bulk of the yield lies, one has M, ~ 2m}.cosh %
Large Ay, i.e. large relative longitudinal momenta, correspond to large M.

[At Ay = 3.5 and Pt = 6 GeV, Myy ~ 40 GeV/]
@ The most natural solution for this excess is the independent production of two J/y
— double parton scattering

Predictions for LHCb, DPS >> SPS at large Ay

— We will come back to this later

C.H. Kom, A. Kulesza, W.J. Stirling PRL 107 (2011) 082002
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He & Kniehl however claimed that colour octets could also fill the gap

Z, He, B. Kniehl PRL 115, 022002 (2015)
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On the importance of double parton scatterings at large Ay I

In fact, the argument of C.H. Kom, A. Kulesza, and W.J. Stirling was used by DO to
separate out DPS from SPS contributions

. DO, L = 8.1 fb’
SPMC

= DPMC
5 Syst. uncertainty

Neyerts/ ANy, J/)

3 35 4
ANy, Jy)] DO Coll. PRD 90 (2014) 111101
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In fact, the argument of C.H. Kom, A. Kulesza, and W.J. Stirling was used by DO to
separate out DPS from SPS contributions

. DO, L = 8.1 fb’
SPMC

= DPMC
5 Syst. uncertainty

Neyerts/ ANy, J/)

1

0 05 1 15 2 25

3 35 4
ANy, Jy)] DO Coll. PRD 90 (2014) 111101

@ The DPS MC template is obtained from ¢P?S = 1 7%

2 Oeff
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On the importance of double parton scatterings at large Ay I

In fact, the argument of C.H. Kom, A. Kulesza, and W.J. Stirling was used by DO to
separate out DPS from SPS contributions
S DO, L=8.11b"
e o Dita prom
SPMC

= DPMC
5 Syst. uncertainty

Neyerts/ ANy, J/)

1

0 05 1 15 2 25

3 35 4
ANy, Jy)] DO Coll. PRD 90 (2014) 111101

@ The DPS MC template is obtained from ¢P?S = 1 7%

2 Oeff

@ Fitting these MC templates, they splitted 129 + 46 fb
into oP"% = 70 + 23 fb and 0°"° = 59 + 23 fb by comparing the histograms

@ 028y =170130 fb and o5h° = 59 + 23 fb are still compatible at 1-o level
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In fact, the argument of C.H. Kom, A. Kulesza, and W.J. Stirling was used by DO to
separate out DPS from SPS contributions
S DO, L=8.11b"
e o Dita prom
SPMC

= DPMC
5 Syst. uncertainty

Neyerts/ ANy, J/)

1

0 05 1 15 2 25

3 35 4
ANy, Jy)] DO Coll. PRD 90 (2014) 111101

@ The DPS MC template is obtained from ¢P%S = %%
@ Fitting these MC templates, they splitted 129 + 46 fb

into oP"% = 70 + 23 fb and 0°"° = 59 + 23 fb by comparing the histograms
@ 028y =170130 fb and o5h° = 59 + 23 fb are still compatible at 1-o level

@ In turn, they obtained o.¢ = 4.8 £ 2.5 mb
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On the importance of double parton scatterings at large Ay I

In fact, the argument of C.H. Kom, A. Kulesza, and W.J. Stirling was used by DO to
separate out DPS from SPS contributions
™ DO, L=8.11fb"
e o Data prompt
SPMC

= DPMC
5 Syst. uncertainty

Noyerts/ AlAN(I/Y, JIy)]

1

0 05 1 15 2 25

3 35 4
ANy, Jy)] DO Coll. PRD 90 (2014) 111101

The DPS MC template is obtained from gPFS = 1 %%

2 Oeff
Fitting these MC templates, they splitted 129 + 46 fb
into oP"% = 70 + 23 fb and 0°"° = 59 + 23 fb by comparing the histograms

@ 028y =170130 fb and o5h° = 59 + 23 fb are still compatible at 1-o level
@ In turn, they obtained ¢ = 4.8 = 2 5 mb
@ A natural question arises: using 0°F® = 2 and g, = 4.8 + 2.5 mb,

can one account for the large Ay CMS data.?
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On the importance of double parton scatterings at large Ay II
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On the importance of double parton scatterings at large Ay II

@ Let us investigate the consistency
between D0 and CMS data

Oy 0,
@ For that we assume: ¢P’S = %g—ﬁw
y

@ We take 0. = 4.8 + 2.5 mb from DO
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On the importance of double parton scatterings at large Ay II

@ Let us investigate the consistency
between D0 and CMS data

@ For that we assume: ¢P’S = %Ug—?

@ We take 0. = 4.8 + 2.5 mb from DO

@ oy are fit from data with a Crystal Ball
function parametrising | Aggyx/|*

C.H. Kom, A. Kulesza, W.J. Stirling PRL 107 (2011) 082002
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On the importance of double parton scatterings at large Ay II
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On the importance of double parton scatterings at large Ay II

@ Let us investigate the consistency

For that we assume: ¢P?S =

J.P. Lansberg (IPNO)

between D0 and CMS data

S _ 109y0y
2 Oeff

We take 0. = 4.8 + 2.5 mb from DO

oy are fit from data with a Crystal Ball
function parametrising | Aggyx/|*

C.H. Kom, A. Kulesza, W.J. Stirling PRL 107 (2011) 082002

Gap between theory and CMS data is
filled at large Ay and M,
by DPS + NLO* CSM SPS

Agreement not altered elsewhere;
improved even at low P‘;w (see (a))

Conversely, fitting our own o, from the
CMS data should yield a value
compatible with 4.8 mb
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Our fit of the double parton scatterings
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Our fit of the double parton scatterings

@ To assess the systematics, we used 3 fits of oy,
@ Fit1: CDF and LHC data as done by Kom et al
@ Fit 2: CDF and LHC data (including new larger-Pr data)
@ Fit 3: only CDF data (supposedly close to the DO template)
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Our fit of the double parton scatterings

@ To assess the systematics, we used 3 fits of oy, 3
@ Fit1: CDF and LHC data as done by Kom et al QE
@ Fit 2: CDF and LHC data (including new larger-Pr data) 5
@ Fit 3: only CDF data (supposedly close to the DO template) =

o Effect of the unknown J/y polarisation checked : 20%
(a)

for DO vs 25% quoted by CMS

(b)
A
g
3

(©)
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Our fit of the double parton scatterings
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@ To assess the systematics, we used 3 fits of oy,
@ Fit1: CDF and LHC data as done by Kom et al
@ Fit 2: CDF and LHC data (including new larger-Pr data)
@ Fit 3: only CDF data (supposedly close to the DO template)
o Effect of the unknown J/y polarisation checked : 20% o w @ w
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Our fit of the double parton scatterings

[0 LO SPS-+smearing Bi
% NLO SPS
DPS  [ffj] DPS+NLO" SPS 3

@ To assess the systematics, we used 3 fits of oy, Z 5 e S5
@ Fit1: CDF and LHC data as done by Kom et al E ::‘
@ Fit 2: CDF and LHC data (including new larger-Pr data) 5 w0
S 107

@ Fit 3: only CDF data (supposedly close to the DO template)

o Effect of the unknown J/y polarisation checked : 20% "5 & a
for DO vs 25% quoted by CMS
@ Sources of uncertainties: |

T LOSPS gpen.
& NLO® SPS ey SPS
DPS+NLO* SPS

@ Template for oy (see above) Z 10
@ The CMS data uncertainties (incl. pol.) T
@ The theoretical uncertainties on the NLO* CSM SPS yield 5l
Result of the fit of the DPS yield via o on the 18 CMS values. 1041 7 TeveLHC
M Actep.
Oefr [mb] Ko d.o.f. 10} 2 : =
oy Fit 1[25] 11429 19 16 ® 18y] between
oy Fit 2 8.2+22 18 16 n LOSPS [ DPS+NLO" SPs 3
oy Fit 3 53414 19 16 b NLO*SPS ESversSPS 3
Only LO SPS N/A 76 17 2 w02b 3
Only NLO* SPS N/A 26 17 S ol S s 1
£
<10 F
DPS E
@ ¢ computed for DO & LHCb; agreement checked: 3 vt
S el
2 . S 0t o
Xdof * 0.5-1.2 (LHCDb) & 0.06-0.5 (DO0) g :m"/isvi’&'?.?
it
07 20 10 60 80
(© My (GeV)

New observables in quarkonium production April 14, 2016 9/14



N
Our fit of the double parton scatterings
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Our fit value for o5 : 8.2 +2.0 £ 2.9 mb
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On the (non-)importance of colour-octet channels
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On the (non- )1mp0rtance of colour-octet channels
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@ Adding CO using NLO LDMEs of the Hamburg group has no impact
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On the (non-)importance of colour-octet channels
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Single //y LDME fit: M. Butenschoen, B. Kniehl arXiv:1105.0820, PRD 84 (2011) 0515

@ Adding CO using NLO LDMEs of the Hamburg group has no impact

@ Same with other NLO LDMEs, by the PKU group (incl. my co-author), by the IHEP
group as WCH as bY BOdWil’l et al. PRL 110 (2013) 042002 ; JHEP 1505 (2015) 103; PRL 113 (2014) 022001
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On the (non-)importance of colour-octet channels
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Single //y LDME fit: M. Butenschoen, B. Kniehl arXiv:1105.0820, PRD 84 (2011) 0515

@ Adding CO using NLO LDMEs of the Hamburg group has no impact
@ Same with other NLO LDMEs, by the PKU group (incl. my co-author), by the IHEP
group as WCH as bY BOdWil’l et al. PRL 110 (2013) 042002 ; JHEP 1505 (2015) 103; PRL 113 (2014) 022001

@ We disagree “that their inclusion nearly fills the large gap”  z. me, B. kniehl PRL 115, 022002 2015)
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On the (non-)importance of colour-octet channels
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Single //y LDME fit: M. Butenschoen, B. Kniehl arXiv:1105.0820, PRD 84 (2011) 0515

@ Adding CO using NLO LDMEs of the Hamburg group has no impact

@ Same with other NLO LDMEs, by the PKU group (incl. my co-author), by the IHEP
group as WCH as bY BOdWil’l et al. PRL 110 (2013) 042002 ; JHEP 1505 (2015) 103; PRL 113 (2014) 022001

e We disagree “that their inclusion nearly ﬁlls the large gap” Z. He, B. Kniehl PRL 115, 022002 (2015)

o Intermsof x3 ;-
\ LO CO+ NLO* CSM w/o DPS \ NLO* CSM w DPS

Koot | 3.0 | 19
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Another way to see this with 2

CO channels

ik "WWLOSPS T DPS+NLO* SPS ]

—~ E I NLO™ SPS yeey SPS
> 107'E DPS o gag
Gl i 1SS max
_2 E 0 0
Q 107k
FD 4
=
= -
S
—o -
~
-g E %]'\F/[eSVELHC
-8 ccep.
1078L g "0
10-9F : .
0 20

40 60 80
My, GeV) ()

@ Using for the upper bound: (O’/W(3S£8])) <2.8x1073

[see the solid and dashed black lines]

do/d|Ay| (nb)

1073¢

10-4L
E CMS Accep.

105k

I LOSPS lwezy SPS
E%SO SPS _ JSIIS]JriS[lEI max f
[ DPS+NLO* SPS —— 18158 max

7 TeVeLHC

Fit2

1 2 3 4
|Ay| between ¥ (b)

GeV? & (O (1siy) < 5.4 %1072 GeV?

JPL, H.-S.Shao PLB 751 (2015) 479

J.P. Lansberg (IPNO) New observables in quarkonium production April 14, 2016 12/14



.
Another way to see this with 2

CO channels

1

"WWLOSPS TN DPS+NLO* SPS

—~ E I NLO™ SPS yeey SPS
> 10710 DPS gl ]
(B 10_2 ; 1518115181 max
S 3 é 1
g 0
3 10 ) E
10— F
s 07
B 107°¢ ]
S R
10—8 é Fit ccep.
—9F . )
10 0 20

40 60 80
My, GeV) ()

do/d|Ay| (nb)

L 7 TeV@LHC

T LOSPS_ weewsps
NLO" SPS - (/;S'IS(]/LS[‘E] max 1

PS ]
[ DPS+NLO" SPS —— 1581, 16181 x4

CMS Accep.
Fit 2

1 2 3 4
|Ay| between ¥ (b)

@ Using for the upper bound: (O’/W(3S£8])) <2.8x1072 GeV? & (O//W(‘S([)g])) <5.4 %1072 GeV?
[see the solid and dashed black lines]

o Nota: 1, data: ((/V('SI*)) = (7 (3s1¥1)) < 1.46 x 1072 GeV?
(See Mathias’ talk and H. Han et al.PRL 114 (2015) 092005)
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> 107 pps  ----3 S35 max 4 1 [ DPS+NLO* SPS — 1gisl igls o
Q E igl 8]+|5 8] . X 0 0 3
(D 10_2 b 0 0 max S E
= 10-3L S 1071} i ]
S 1073 1E
8 15 00 ;
2 < 1072 ]
§10_5§ ], O E E|
—-6[ B -3 ]
% 10 7§ ] 10 .
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= b 10~4L 7 TeVeLHC
1085 FYS Aceer £ CMS Accep.
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0 20 0
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|Ay| between ¥ (b)

@ Using for the upper bound: (O’/W(3S£8])) <2.8x107° GeV> & (O//W(‘S([)g])) <5.4 %1072 GeV?
[see the solid and dashed black lines]

o Nota: 1, data: ((/V('SI*)) = (7 (3s1¥1)) < 1.46 x 1072 GeV?
(See Mathias’ talk and H. Han et al.PRL 114 (2015) 092005)

JPL, H.-S.Shao PLB 751 (2015) 479

@ Ignoring all previous constraints and fitting (one channel at a time) the LDME on
the CMS data one gets irrealistically large values:
(OMy(3st1y) = 0.42 £ 0.12 GeV? & (0¥ (1s1¥1)) = 0.91 + 0.22 GeV?> 11!
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@ Even though we find it a natural, accounting for DPS introduces another parameter

J.P. Lansberg (IPNO) New observables in quarkonium production April 14, 2016 13 /14



Predictions: excited states

JPL, H.-S.Shao PLB 751 (2015) 479

@ Even though we find it a natural, accounting for DPS introduces another parameter
@ How to check that one is not playing with a further d.o.f. on the theory side?
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Even though we find it a natural, accounting for DPS introduces another parameter
How to check that one is not playing with a further d.o.f. on the theory side?
DPS vs SPS dominance are characterised by different feed-down patterns

We define Ff,fv, (F%) as the fraction of events containing at least one . (')
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Even though we find it a natural, accounting for DPS introduces another parameter
How to check that one is not playing with a further d.o.f. on the theory side?
DPS vs SPS dominance are characterised by different feed-down patterns

We define Ff,fv, (F%,) as the fraction of events containing at least one . (')

DPS _ m 040p

Under DPS dominance (e.g. large Ay), o, 5

(m: symmetry factor)

Xe _ pie Xe direct | ¥\ ¥ _ g¥ v direct |, HpAe) pdirect _ ¢ pdirect)2
Fl, = Bl x (FJ +2Fg™ + 2F) ), Fy, = Fyy x (Fy +2Fgct + 2F)"), Fgirect = (Fgirect)
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Even though we find it a natural, accounting for DPS introduces another parameter
How to check that one is not playing with a further d.o.f. on the theory side?
DPS vs SPS dominance are characterised by different feed-down patterns

We define Ff,fv, (F%) as the fraction of events containing at least one . (')

Under DPS dominance (e.g. large Ay), 0,)"% = 2 %% (m: symmetry factor)

Xe _ pie Xe direct | ¥\ ¥ _ g¥ v direct |, HpAe) pdirect _ ¢ pdirect)2
Fl, = Bl x (FJ +2Fg™ + 2F) ), Fy, = Fyy x (Fy +2Fgct + 2F)"), Fgirect = (Fgirect)

@ Under SPS CSM dominance,
° F;’jw is slightly enhanced by symmetry factors,
° Ff;;,, unlike single quarkonium production, is not enhanced and is found to be small
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Even though we find it a natural, accounting for DPS introduces another parameter
How to check that one is not playing with a further d.o.f. on the theory side?
DPS vs SPS dominance are characterised by different feed-down patterns

We define Ff,fv, (F%) as the fraction of events containing at least one . (')

Under DPS dominance (e.g. large Ay), 0,)"% = 2 %% (m: symmetry factor)

Xe _ pie Xe direct | ¥\ ¥ _ g¥ v direct |, HpAe) pdirect _ ¢ pdirect)2
Fl, = Bl x (FJ +2Fg™ + 2F) ), Fy, = Fyy x (Fy +2Fgct + 2F)"), Fgirect = (Fgirect)

@ Under SPS CSM dominance,
° F;’jw is slightly enhanced by symmetry factors,

° Ff;;,, unlike single quarkonium production, is not enhanced and is found to be small

@ Overall: ‘ (CSM) SPS ‘ DPS

45% 20%
small 50%
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@ For the first time, our study shows that both DPSs and the NLO QCD corrections to
SPSs are crucial to account for the existing data.
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(ii) the dominance of &> (NLO) contributions at mid and large Pw,
(iii) the dominance of DPS contributions at large Ay and at large My,
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equally speaking, charmonium-pair-production rates involving excited states, in
case DPSs dominate. These do not depend on ..
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Conclusion

@ For the first time, our study shows that both DPSs and the NLO QCD corrections to
SPSs are crucial to account for the existing data.

@ If these experimental results are confirmed, this would provide evidence for

(i) the dominance of a} (LO) contributions for the total cross section,
(ii) the dominance of &> (NLO) contributions at mid and large Pw,
(iii) the dominance of DPS contributions at large Ay and at large My,

@ We have also derived generic formulae predicting feed-down contributions or,
equally speaking, charmonium-pair-production rates involving excited states, in
case DPSs dominate. These do not depend on ..

@ These can be checked by measuring J/y + ¢/ or J/y + x. production.

o The relatively small value of o.¢r (Vs jet-related extractions) obtained from fitting the
CMS data may be a first hint at its flavour dependence.

[This however relies on the validity of the pocket formula]
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These can be checked by measuring J/y + v/ or J/y + y. production.

The relatively small value of o.¢r (Vs jet-related extractions) obtained from fitting the
CMS data may be a first hint at its flavour dependence.

[This however relies on the validity of the pocket formula]

We do not find that colour-octet channels are significant in this process
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Conclusion

@ For the first time, our study shows that both DPSs and the NLO QCD corrections to
SPSs are crucial to account for the existing data.
@ If these experimental results are confirmed, this would provide evidence for
(i) the dominance of a} (LO) contributions for the total cross section,
(ii) the dominance of &> (NLO) contributions at mid and large Pw,
(iii) the dominance of DPS contributions at large Ay and at large My,
@ We have also derived generic formulae predicting feed-down contributions or,
equally speaking, charmonium-pair-production rates involving excited states, in
case DPSs dominate. These do not depend on ..

These can be checked by measuring J/y + v/ or J/y + y. production.

The relatively small value of o.¢r (Vs jet-related extractions) obtained from fitting the
CMS data may be a first hint at its flavour dependence.

[This however relies on the validity of the pocket formula]
@ We do not find that colour-octet channels are significant in this process
@ Predictions made for forthcoming LHCb and ATLAS data also for AFTER@LHC
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