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e points out at issues with negative cross sections at high energies
o explains why, for some gluon PDFs, appearance of strong/weak yr dependence
@ In 1996, M Mangano reaches same COHCIUSiOI’lS [M.L. Mangano, A. Petrelli, [JMPA 12 (1997) 3887]

TMost of the remarks which follow have already been made by G. Schuler in his '94 review B] Schuler at
the time had available the full NLO corrections to 5 production, as well as the leading small-z behaviour of the
x cross sections. It is a pity that those remarks have passed almost unnoticed in the community!

o Desastrous results for y., (previous slide)

[G. Schuler, arXiv:hep-ph/9403387]
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TMost of the remarks which follow have already been made by G. Schuler in his '94 review B] Schuler at
the time had available the full NLO corrections to 5 production, as well as the leading small-z behaviour of the
x cross sections. It is a pity that those remarks have passed almost unnoticed in the community!

o Desastrous results for y., (previous slide)

@ In 1998, A. Petrelli et al. get full NRQCD NLO results
o First results for 'S, 3P}[g], 3slt]
o Only pheno attempt in 2006 ... at low energies

[G. Schuler, arXiv:hep-ph/9403387]

[M.L. Mangano, A. Petrelli, JMPA 12 (1997) 3887]
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The NLO partonic cross section at large $

The partonic high-energy limit is defined as taking ¢ at § - oo or equivalently
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The NLO partonic cross section at large $

The partonic high-energy limit is defined as taking ¢ at § - oo or equivalently
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o this limit contributes most for “flat” gluon PDFs at low x
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The NLO partonic cross section at large $

The partonic high-energy limit is defined as taking ¢ at § - oo or equivalently
2

z = 0withz= %,
o M2
11m agI;LO( ) = 2CA—560LO (log 2Q Agg) (1)
97
M2
lim 63°(z) = C SALO lo Q+A 2
lim Gg " (2) £ 00 gmz: 98 (2)
o for 'si¥l; Agg = Agg = 1

NLO s ALO
o for up = Mg, 6;; (8 = 00) oc =24
o this limit contrlbutes most for “flat” gluon PDFs at low x

e If PDFs are not steep (evolved) enough, the large-$ region dominates and
the hadronic cross section becomes negative
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Recap of NLO calculation & origin of negative numbers

$-dependence only present in real corrections (g(k1) + g(k2) — no(P) + g(k3))
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(Real) |2

@ Real-emission corrections are perfect square (|M ) and thus positive
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@ Real-emission corrections are perfect square (|M(R¢2D 2) and thus positive

@ IR singularities in the real emissions only reveal themselves after taking the
—=NLO,z#1

phase-space integration: EggLO’Zﬂ(z) = [ di-¥
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@ IR singularities in the real emissions only reveal themselves after taking the

A*NLO,Z#I
phase-space integration: EggLO’Zﬂ(z) = [ di-¥
2\€ —
OO = -k % (L) T+ dh0zpe(2) + 2042 60T (2)
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Recap of NLO calculation & origin of negative numbers

$-dependence only present in real corrections (g(k1) + g(k2) — no(P) + g(k3))
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@ Real-emission corrections are perfect square (|M(R¢2D 2) and thus positive

@ IR singularities in the real emissions only reveal themselves after taking the
—=NLO,z#1
phase-space integration: EggLo’z#l (2) = [ di-*5

—NLO,z#1 4 .
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@ Forepr - 07, »Ogg

>0 forall 0 < z < 1as expected
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@ Real-emission corrections are perfect square (|M(R¢2D 2) and thus positive

@ IR singularities in the real emissions only reveal themselves after taking the

A*NLO,Z#I
phase-space integration: EggLO’Zﬂ(z) = [ di-¥
2\ €
OO = -k % (L) T+ dh0zpe(2) + 2042 60T (2)
—NLO,z#1

@ Forelg -~ 07,0 >0 forall 0 <z <1asexpected

88
o Initial-state collinear divergences are absorbed/subtracted into PDF via
process-independent Altarelli-Parisi counterterm in MS-scheme

A CT NELTIAY AL
P-CT () G;R%( ”';R) I(1+€)3102Py ()

U
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@ The subtraction of the AP CT in the MS-scheme then yields :

S A MZ
lim 609 (2) = (2CA,CF)fa&O (log 2 +Ag, q)g) (3)
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@ The subtraction of the AP CT in the MS-scheme then yields :
M2
S A
hm aggL{Sg(z) (ZCA,CF)—U(I;O (log 2 +A(g, q)g) (3)

@ In principle, the subtraction should be compensated by the PDF evolution

@ PDF evolution is universal, not A;; — ¢ < 0 can arise from this subtraction

° allows us to propose a new scale prescription for yr,

up = [:lF = MQeAgg,qg/Z such that (l()g - +Agg qg) =0and limz_>0 gg qg(Z) 0
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@ The subtraction of the AP CT in the MS-scheme then yields :

S A MZ
lim 609 (2) = (2CA,CF)fa&O (log 2 +Ag, q)g) (3)

@ In principle, the subtraction should be compensated by the PDF evolution

@ PDF evolution is universal, not A;; — ¢ < 0 can arise from this subtraction

° allows us to propose a new scale prescription for yr,

up = [:lF = MQeAgg,qg/Z such that (l()g - +Agg qg) =0and limz_>0 gg qg(Z) 0

@ All QCD radiations in the PDF evolution at § — oo.

@ /ir happens to be a point of minimal scale sensitivity at large $

1.82GeV  for 1, with Mg = 3GeV
5.76GeV  for i, with Mg = 9.5GeV

° foranehaveﬁp=Mf={
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@ The subtraction of the AP CT in the MS-scheme then yields :

S A MZ
lim 609 (2) = (2CA,CF)fa&O (log 2 +Ag, q)g) (3)

@ In principle, the subtraction should be compensated by the PDF evolution

@ PDF evolution is universal, not A;; — ¢ < 0 can arise from this subtraction

° allows us to propose a new scale prescription for yr,

up = [:lF = MQeAgg,qg/Z such that (l()g - +Agg qg) =0and limz_>0 gg qg(Z) 0

@ All QCD radiations in the PDF evolution at § — oo.

@ /ir happens to be a point of minimal scale sensitivity at large $

o for 5 we have fif = Mg _ |1.82GeV for 5. with Mg = 3GeV
Ve 576GeV  for i, with Mg = 9.5GeV

@ Such scale choices for 7 are within usual/conventional bounds [%, 2Mg]
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Problem solved, but it uncovers another: conventional NLO gluon PDFs exhibit a
local minimum around x = 0.001 at scales below 2 GeV, which distorts do(s) /dy

Perturbative instability and HEF
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Problem solved, but it uncovers another: conventional NLO gluon PDFs exhibit a
local minimum around x = 0.001 at scales below 2 GeV, which distorts do(s) /dy

Measuring 7. total cross sections (at Nica, LHC-FT and LHC) : crucial constraints on gluon PDFs ‘
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The case of J/y photoproduction
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@ NLO cross section for J/y photoproduction becomes negative for

when Syp increases
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The case of J/y photoproduction

LO: (g .Er)
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@ NLO cross section for J/y photoproduction becomes negative for
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vl o-—- 20% FD (v '— Jiy)
[Ryu(0)?=1.25 GeV®
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@ NLO cross section for J/y photoproduction becomes negative for
when | /5, increases

yi
e For J/y (Y) photoproduction: jip = 0.86M¢ (Pr € [0, 0], z < 0.9)
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Results with jip = 0.86Mg

A. Colpani Serri, Y. Feng, C. Flore, ].P. Lansberg, M.A. Ozcelik, H.S. Shao, Y. Yedelkina PLB 835 (2022) 137556
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@ Contrary to a widespread belief, the CSM does a reasonnable job in describing
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A word on the Pr-differential cross section

@ Contrary to a widespread belief, the CSM does a reasonnable job in describing
the latest large-PT HI data C.Flore, JPL, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

@ The jiF prescription is not applicable for do/dPr

0 ))

o The real-emission contributions (c( )) do not scale like born contributions (c

(1)/6(1) o< P and this would result in jip(Pr) oc MQePT/MQ
o Ur= 0 77m7: compromise between fir and conventional choices (0.5;1;2)mr
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A word on the Pr-differential cross section

@ Contrary to a widespread belief, the CSM does a reasonnable job in describing

the latest large-Pr H1 data C.Flore, JPL

@ The jiF prescription is not applicable for do/dPr

, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

o The real-emission contributions (c( )) do not scale like born contributions (c( ))

(1)/0(1) o< P and this would result in jip(Pr) oc MQePT/MQ
o ur= O.77mT. compromise between jir and conventional choices (0.5;1;2)mr

dofe p — Jiy X)/dPr [nb/GeV]

J.P. Lansberg (IJCLab)
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A word on the Pr-differential cross section

@ Contrary to a widespread belief, the CSM does a reasonnable job in describing

the latest large-Pr H1 data

@ The jiF prescription is not applicable for do/dPr

C.Flore, JPL, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

o The real-emission contributions (c( )) do not scale like born contributions (c( ))

(1)/0(1) o< P and this would result in jip(Pr) oc MQePT/MQ

o ur= O.77mT. compromise between jir and conventional choices (0.5;1;2)mr

@ Confirms the good agreement at large Pt and highlights the need for a more
systematic solution at low Pt — resummation ?

dofe p — Jiy X)/dPr [nb/GeV]

J.P. Lansberg (IJCLab)

NLO, pf = pg = 0.77my
LO, pf = 1.7m, Bpg = [2.5:10) GeV
H1 data: HERAZ (EPJC 65, 401 (2010))
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High-energy factorisation: the example of photoproduction
1+11 oo

ouEE (1) o f f qn( ,qn»m)#x)ﬂ(y,qn)+NLLA+O(l/n)

[h=(3- MQ ) /MQ [Collins, Ellis, 97’; Catani, Ciafaloni, Hautmann, 91,94]
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High-energy factorisation: the example of photoproduction

1+7y oo
. dy y
Suer (1) o< f 5 f dq7,C (M,qzn, Ur, #R)H(y, q71)+NLLA + O(1/5)
0 0
[h=(3- MZQ)/MZQ] [Collins, Ellis, 97’; Catani, Ciafaloni, Hautmann, 91,94]

Physical picture in the LLA

P,
for photoproduction: @ LLA: Zn:oc? In"™ (§/Mg,) are resummed

+ F ot
Py — — ki~ py

Glauber exchanges(kqyk— < k%n) form the

Reggeised gluon in the ¢-channel.
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High-energy factorisation: the example of photoproduction

1+7y oo
. dy y
our(n) o< | = f dq7,C (1“7 qtp HEs #R)H(y, q71)+NLLA + O(1/5)
0 0
[h=(3- MZQ)/MZQ] [Collins, Ellis, 97’; Catani, Ciafaloni, Hautmann, 91,94]

Physical picture in the LLA
for photoproduction:

@ LLA: Zn:oc? ln"_l(é/MZQ) are resummed

@ H known at LO in a; (sufficient for LLA)
RR — Q X: Hagler et.al PRL 86 (2001) 1446; Kniehl, Vasin, Saleev PRD 73 (2006) 074022

yR — QX: Baranov, Lipatov, Zotov, EPJC 71 (2011) 1631; KVS, PRD 73 (2006) 074022

i = =k xpl

Glauber exchanges(kqyk— < k%n) form the

Reggeised gluon in the ¢-channel.
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High-energy factorisation: the example of photoproduction

0 0
[n = (3-MQ) /M)

Physical picture in the LLA
for photoproduction:

00000092000000940000000.

i = =k xpl

Glauber exchanges(kqyk— < k%n) form the

Reggeised gluon in the ¢-channel.

J.P. Lansberg (IJCLab)

i C (1f}1,q2n»#ﬁ,#R)H()/’qzn)JrNLLA+0(1/77)

[Collins, Ellis, 91’; Catani, Ciafaloni, Hautmann, 91,94’]

@ LLA: Y af ln”_l(é/Mé) are resummed
n

@ H known at LO in a; (sufficient for LLA)
RR — Q X: Hagler et.al PRL 86 (2001) 1446; Kniehl, Vasin, Saleev PRD 73 (2006) 074022

yR — QX: Baranov, Lipatov, Zotov, EPJC 71 (2011) 1631; KVS, PRD 73 (2006) 074022

@ The resummation factors C are the solution of the LL BFKL
with the collinear divergences subtracted
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High-energy factorisation: the example of photoproduction

1+7y oo
\ dy y
our(n) o< | = f dq7,C (H,7 qtp HEs #R)H(y, qt1)+NLLA + O(1/n)
0 0
[h=(3- MZQ)/MZQ] [Collins, Ellis, 97’; Catani, Ciafaloni, Hautmann, 91,94’]

Physical picture in the LLA
for photoproduction:

@ LLA: Y af ln”_1(§/Mé) are resummed
n

@ H known at LO in a; (sufficient for LLA)
RR — Q X: Hagler et.al PRL 86 (2001) 1446; Kniehl, Vasin, Saleev PRD 73 (2006) 074022

H yR — QX: Baranov, Lipatov, Zotov, EPJC 71 (2011) 1631; KVS, PRD 73 (2006) 074022

@ The resummation factors C are the solution of the LL BFKL
with the collinear divergences subtracted

@ The expansion in a; of 6ygr (8) should coincide with
ONLO (8 = 00) and predicts dnynLo (8 = o)

00000092000000940000000.

i = =k xpl

Glauber exchanges(kqyk— < k%n) form the

Reggeised gluon in the ¢-channel.
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High-energy factorisation: the example of photoproduction

1+7y oo
\ dy y
our(n) o< | = f dq7,C (H,7 qtp HEs #R)H(y, qt1)+NLLA + O(1/n)
0 0
[h=(3- MZQ)/MZQ] [Collins, Ellis, 97’; Catani, Ciafaloni, Hautmann, 91,94’]

Physical picture in the LLA
for photoproduction:

@ LLA: Y af ln”_1(§/Mé) are resummed
n

@ H known at LO in a; (sufficient for LLA)
} RR — Q X: Hagler et.al PRL 86 (2001) 1446; Kniehl, Vasin, Saleev PRD 73 (2006) 074022
H

yR — QX: Baranov, Lipatov, Zotov, EPJC 71 (2011) 1631; KVS, PRD 73 (2006) 074022

@ The resummation factors C are the solution of the LL BFKL
with the collinear divergences subtracted

@ The expansion in a; of 6ygr (8) should coincide with
ONLO (8 = 00) and predicts dnynLo (8 = o)

@ HEEF can be used with the same collinear PDFs as CF and
can be matched on to CF [better to use DLA for consistency]

00000092000000940000000.

i = =k xpl

Glauber exchanges(kqyk— < k%n) form the

Reggeised gluon in the ¢-channel.
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Consistency check for pp - X
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HEF expanded up to NLO in o, should reproduce the A{m] NLO coefficient
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J.P. Lansberg, M. Nefedov, M.A.Ozcelik, JHEP 05 (2022) 083

HEF expanded up to NLO in o, should reproduce the A{m] NLO coefficient
2
High-energy limit (for pp - QX with z = MTQ):

M2
A3 )=o) {02+ 0, [ A 2
#F

2
+ (%) In %cf\ [2A£m] +Bl™ 4 44l n

M2
M +2A[m]1 2 M ]+O((x3)}
.“F

F
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Consistency check for pp - X

J.P. Lansberg, M. Nefedov, M.A.Ozcelik, JHEP 05 (2022) 083

HEF expanded up to NLO in o, should reproduce the A{m] NLO coefficient
2
High-energy limit (for pp - QX with z = MTQ):

2
A3 )=o) {02+ 0, [ A 2
HE

2
+ (%) In écﬁ [2A£m] +Bl™ 4 44l n

M2 M2
+2A[m]1 2 M ]+O((x3)}
? Ui
From HEE up to NNLO in a5, one has

State | ALY [ Al | AT [ gl
1So 1 -1 %2 %2
38 0 1 0 %2
o [ &[5 [ 3
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Consistency check for pp - X

J.P. Lansberg, M. Nefedov, M.A.Ozcelik, JHEP 05 (2022) 083

HEF expanded up to NLO in o, should reproduce the A{m] NLO coefficient
2
High-energy limit (for pp - QX with z = MTQ):

2
A 0ol 000+ [ A
F

2
+ (%) In écﬁ [2A£m] + B 4 44l 0

M2 M2
+2A[m]1 2 M ]+O((x3)}
? Ui
From HEE up to NNLO in a5, one has

S | ADT [ ATT [ aFT [ 7
1So 1 -1 %2 %2
35 0 1 0 %2
w0 | a4 |
Perfect match for NLO and prediction for NNLO ! NLO: JPL, M.A. Ozcelik, EPJC 81 (2021) 6, 497
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Matching HEF and NLO CF (illustration for #¢)

The HEF works only at z < 1 and does not include corrections O(z), while
NLO CF is exact in z but only NLO up to a;. We need to match them.
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Matching HEF and NLO CF (illustration for #¢)

The HEF works only at z < 1 and does not include corrections O(z), while
NLO CF is exact in z but only NLO up to a;. We need to match them.

e Simplest prescription: just subtract the overlap at z << 1 where CF c HEF:

1
m m dz . m),ij «[m],ij ~[m],ii
UIEIL2)+HEF = L[O]CF + / > [UI[IE}:](Z) + UIELéEF(Z) - O'IEILE)]CF(O)] Lij(2)

Zmin
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Matching HEF and NLO CF (illustration for #¢)

The HEF works only at z < 1 and does not include corrections O(z), while
NLO CF is exact in z but only NLO up to a;. We need to match them.

e Simplest prescription: just subtract the overlap at z << 1 where CF c HEF:

1
dz v [m],ii «[m],ii m],i
UIEIL2)+HEF UL[O]CF+/ > [UIEIE%](Z)‘“UIEILE)]CF(Z) O'IEILE)]CF(O)]‘C"J'(Z)

Zmin

@ Or introduce smooth weights:

1
m m m],i ‘C( )
01£1L2)+HEF = UIEO]CF fdz {[ 1[{12%:](3) 2 ]WHEF(Z)
Zmin
«[m],ij Lij(z) i
|0 =2 -},
February 26, 2024 13/18
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Inverse-error-weighting method

M.G. Echevarria, T. Kasemets, JPL, C. Pisano, A. Signori, PLB 781 (2018) 161
In the INEW method, the weights are calculated from the parametric
estimates of the error of each contribution and combined as such:

[AUEEF(Z)]_Z

[Aope(2)]72+ [A0l ()]

WzIEF(Z) =
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Inverse-error-weighting method

M.G. Echevarria, T. Kasemets, JPL, C. Pisano, A. Signori, PLB 781 (2018) 161
In the INEW method, the weights are calculated from the parametric
estimates of the error of each contribution and combined as such:

[AaﬁEF(z)]_z
[AOI?IEF(Z)]_Z + [AGgF(Z)]_Z
JgFLO misses HO terms in a,. Our

Aocr includes estimates of NNLO
a’ln M% terms of dygr + a generic
2

NNLO uncertainty a>O (1) — a6

WzIEF(Z) =
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Inverse-error-weighting method

M.G. Echevarria, T. Kasemets, JPL, C. Pisano, A. Signori, PLB 781 (2018) 161
In the INEW method, the weights are calculated from the parametric
estimates of the error of each contribution and combined as such:

[AGEEF(Z)]_Z

i
Wipp(2) = : :
HEF ij 2 ij =2’
[Aopp(2)]72 + [Aogp(2)]

NLO __: : LLA . Mg
ocp - misses HO terms in a5. Our ogpp Mmisses HO terms in §Q . Our
Aocr includes estimates of NNLO Aoygr includes estimates of NLLA

2 8 A : . M? .
a’ln 5 terms of dygr + a generic corrections as a0 ( §Q ) = a O.IC\IFLO

NNLO uncertainty a>O (1) — a6 +(MT2Q)a(&IC\IFLO(§) ~ M9 (00)) term
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M.G. Echevarria, T. Kasemets, JPL, C. Pisano, A. Signori, PLB 781 (2018) 161
In the INEW method, the weights are calculated from the parametric
estimates of the error of each contribution and combined as such:

[AGEEF(Z)]_Z

i
Wipp(2) = : :
HEF ij 2 ij =2’
[Aopp(2)]72 + [Aogp(2)]
. . . . M
UgFLO misses HO terms in a;. Our U}LIIE% misses HO terms in §Q . Our
Aocr includes estimates of NNLO Aoygr includes estimates of NLLA
2 8 A : . M? .
a’ln 5 terms of dygr + a generic corrections as a0 ( ;Q ) > a O.IC\IFLO
: 2 ~NLO M?> R R R
NNLO uncertainty a;O(1) > as0cp ™ 4 “2) (680 (8) — 6510 (00)) term
1.V T T T T T LI T T T T 1T T 17T T T T LI
| wiv9) e I | I ']
= 0.8 wva) e .
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@ NLO matched results now show a sane energy dependence;
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@ NLO matched results now show a sane energy dependence;
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@ NLO matched results now show a sane energy dependence;
@ Good agreement with data;
@ The scale uncertainties at NLO are smaller than at LO;
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o Apply HEF @ LLA to pp — x.X (worst case) and to pp — yX
@ Progress towards the first NLLA computation for quarkonia m. Nefedov 2309.09608

Rg — cc PSL[JI]} and cc {35%8]} @ 1 loop
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o Apply HEF @ LLA to pp — x.X (worst case) and to pp — yX
@ Progress towards the first NLLA computation for quarkonia m. Nefedov 2309.09608
— Virtual corr. done, with the expected IR and rapidity divergence structure

Rg — cc PSL[JI]} and cc {35%8]} @ 1 loop
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Perturbative instability and HEF

Physics case for quarkonium studies at the Electron Ion Collider
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Abstract
The physics case for quarkonium-production studies accessible at the future US Electron Ton Collider is

described.

1. Introduction
2. Generalities about quarkonium studies at the

EIC

3. EIC tools for quarkonium studies

4. Quarkonia as tools to study the parton content
of the nucleons

5. Quarkonia as tools to study the parton content
of the nuclei

6. Summary
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A EU Virtual Access to pQCD tools: NLOAccess

[in2p3.fr/nloaccess]

NLOAccess

Home Theproject~ News~- Tools - quest registration

GENERAL DESCRIPTION FOLLOW:

Objectives:

NLOAccess will give access to automated tools generating scientific codes allowing anyone to evaluate
observables -such as production rates or kinematical properties - of scatterings involving hadrons. The
automation and the versatility of these tools are such that these scatterings need not to be pre-coded. In
other terms, it is possible that a random user may request for the first time the generation of a code to
compute characteristics of a reaction which nobody thought of before. NLOAccess will allow the user to

test the code and then to download to run it on its own computer. It essentially gives access to a

Avnamical linran:
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HELAC-Onia Web [nloaccess.in2p3.fr/HO/]

HELAC-Onia Web  RequestRegistration  References  Contact us “ILogin

université >

PARIS-SAGLAY

Automated perturbative calculation with HELAC-Onia Web

Welcome to HELAC-Onia Web!

HELAC-Onia ia an automatic matrix element generator for the calculation of the heavy
quarkonium helicity ampli in the of NRQCD

The program is able to calculate helicity amplitudes of multi P-wave quarkonium states
production at hadron colliders and electron-positron colliders by including new P-wave
off-shell currents. Besides the high efficiencies in ion of multi-leg

within the Standard Model, HELAC-Onia is also sufficiently numerical stable in dealing
with P-wave quarkonia and P-wave color-octet intermediate states.

Already registered to the portal? Please login.

Do you not have an account? Make a registration request.

STR@NG
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MG5@NLO online [nloaccess.in2p3.fr/MG5/]

A MG5 aMC@NLO  RequestRegistration  References & Contact us Dlogin

université
FARIS-SACLAY

Automated perturbative calculation with NLOAccess

MG5_aMC@NLO

MadGraph5_aMC@NLO is a framework that aims at providing all the elements necessary for
SM and BSM phenomenology, such as the computations of cross sections, the generation of
hard events and their matching with event generators, and the use of a variety of tools
relevant to event manipulation and analysis. Processes can be simulated to LO accuracy for
any user-defined Lagrangian, an the NLO accuracy in the case of models that support this
kind of calculations -- prominent among these are QCD and EW corrections to SM processes.
Matrix elements at the tree- and one-loop-level can also be obtained.

Please login to use MG5_aMC@NLO.

STRENG
2::20
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