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Outline

2
1. n. inclusive hadroproduction: | z = — < 1|, resummation of:
8
—11
o In"77 =
. . .o s=M 2
2. J/4¢ inclusive photoproduction: | n = e > 1],

resummation of o In"~*(1 + 7)
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Part 1: . or n inclusive hadroproduction
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Perturbative instability of the 7. total cross section

For the pr-integrated cross section of 7o hadroproduction, the LO
partonic subprocess is simply:

9+9-QQ's"].

The NLO correction can be computed in closed form [xunn, Mirkes, 93°;

Petrelli et.al., 98], and:
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Why?
Collinear factorization for total CS for the state m =25+1 LSO):

1

a[m](\/§)= / —ﬁw(z WF)G; m ](Z,HFaHR)v

Zmin

where 4,5 =q,q,9,| 2 = 1\172/3 and partonic luminosity:

+Ymax

Lij(z,pr) = / dy fi (\/%ey,/w) fi (%fZHLF) ,

~Ymax
with f;(x, ur) — momentum density PDFs.
NLO coefficient function [kuhn, Mirkes, 93°; Petrelli et.al., 987 i1 the z — 0 limit

o7 = otg [Agm]‘s(l —-2)+ CMM (A[m]l e +A[’"]> + O(zas,ai)} ,
™

where Cyg =204 = 2N,, Cyy = Cygq = Cp = (N2 —1)/(2N.), Cyq =0
and A" < 0.
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Resummed coefficient function

M2

S

Small parameter: | z =

1
LLA (a”In""' 1) in High-Energy Factorization conins, siiis, 91 Catan,

Ciafaloni, Hautmann, 91°,94°]:

“ HEF
[J m], (

q

z MF,MR

Elﬁ\g

o My
dn/quldQTZ <—M \/Een,q2T17MF7MR>
0

M de HM (g2, g2,
xCyj (—]\/f \/Ee_",qu%MF,NR) /%b (q]T\/}AquQ ¢)+O(z) + NLL,
T
0

The coefficient functions H™ are known at LO in av (magier et.as 2000;
Kniehl, Vasin, Saleev 2006] for m = 15(()1’8), 3P§1’8), 3558).

The H!™ is a tree-level “squared matrix element” of the 2 — 1-type
process:

Ri(ari,qi) + R—(ar2,q5 ) — celm).

6 /24



LLA evolution w.r.t. In1/z

In the LL(In 1/2)-approximation, the Y = In 1/z-evolution equation
for collinearly un-subtracted C-factor has the form:

1
- R d o -
Clo.ar) = 30-23()+a. [ Z [ @2k ) (2 ar — k)

with ds = asCys /7 and
T (Am) T+ )T%(1 —¢) n 1
(1 - 2¢) m(2m)—2¢k3.’

It is convenient to go from (z, qr)-space to (I, xr)-space:

2
K%, %) = 672 k) P1)

C(N,xr) :/d2 2e Z"T"“T/dgvav (z, qr),

0

because:
» Mellin convolutions over z turn into products: f dz _, %
o Ik 1 af“
» Large logs map to poles at N = 0: In —> N

» All collinear divergences are contained inside C in x7-space.
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Exact LL solution

In (N, qr)-space, subtracted C, which resums all terms o (&s/N)"
has the form:

(N,as)
Yaq (N, g q2 Tag
C(N.ar. i) = Ry (N, ) 22:00) ( T) ,

2 T2
ar Hr
where 744 (N, a;) is the solution of (sarossewics, s2:

X9 (N, 02)) = 1, with x(3) = 26(1) = (1) = (1 =),

where ¥(y) = dInT'(v)/dy — Euler’s ¢-function. The first few terms:

as at as
Yag(N, as) = N +2C(3)N‘4 + 2{(5)N‘6 +...
~—
DLA
LLA

The function R(y) is
R(vg9(N,as5)) =1+ O(Ozg)
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Does this work?

The resummation has to reproduce the A[lm] NLO coefficient
when expanded up to NLO in a;. And it does. We have
performed expansion up to NNLO:

State | AL | A" 1 Al B
150 1 -1 %z %z
3, | o 1 0 =
I TilT
1 54 9 .9
NN E Y

for e.g.

2
G HEE (4 0) = ol {Agm]5(1 —)+ “12Ca {A + Al g M—}
F
; 2 b
+ (“—) ln .C% {QA + B paalmi il + 24 M—Q} +0(a§)},
m W HE
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Matching with NLO of CF

The HEF works only at z < 1, misses power corrections O(z), while
NLO CF is exact in z, but only NLO in as. We need to match
them.

» Simplest prescription: just subtract the overlap at z < 1:
h d
[m] [m] 2o [ <Imlig
ONLO+HEF = 9L0 cF T / > [UHEF (2)
Zmin

[m] »ij A [m] 7ij

+onLo oF (2) — ONLo CF(O)] Lij(2),

» Or introduce smooth weights:
1
ONLO+HEF — 9LO CF z OHEF \#

Zmin

+ &%QMM} (1- rrwiiw(z))} ,

z
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Inverse error weighting method

In the INEW method [gchevarria, et.al, 2018) the weights are calculated
from estimates of the error of each contribution:

[AUgEF(Z)]_Q

ij _
wirpr (2) = 5 _ 7 5
[Actipr(2)] 72 + [Aogp(2)] 2
» For Aocr we take the NNLO 10/$=2000.GeV,
a?Inl term of 6(z) predicted
by HEF, oo
» For Aopgr we take the o8] o9 cramnet i
as0(z) part of the NLO CF P Gl [ —
result for 6(z). o i
» In both cases, stability against | ) |
O(a?) (constant in z, ’ e
unknown) corrections is 0ol L
Checked 0.1 0.2 0.3 0.4 015 0.6 0.7 0.8 0.9 10
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Matching plots

Plots of the integrand of the total cross

function of z = M?/3:

section (gg channel) as
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Matched results for 7,

NLO

NLO+HEF DLA
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Matched results for n,

NLO NLO+HEF DLA
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The PDF dependence
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Part 2: J/1 inclusive photoproduction
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v(q) + p(P) — J/¢(p) + X @ NLO

The LO CS partonic process is

¥+g— cc {339)} +g.

The CS contribution is > 50% of pp-diff. cross section even at NLO.

For pr-integrated CS one has:
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Why?
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Asymptotics oxpo(n — 00)
[Kraemer, 1995]:

g1 o )+ A [ o)+ o))

Numerical NLO  result
(FDC code Yu Feng)
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v(q) + p(P) — J/¥(p) + X in HEF

HEF resummed partonic cross section:

dé HEF(

1+n oo

7, 2) 1 dy/ 2 Yy 2 2

= - d Cz — 1 ) ) ) ) )

dz 2, M2 / y qr bg n+1 ar, ir, ke ) H(y, ar, 2)
1/z 0

actually resums In % =1In "TH Is resummation of only In(1 4 n)

possible? Yes.
The H is the integral of the HEF coefficient function (H):
R (ar,qf) +7(0) = e[SV () + g (k).

over the PS of the gluon (y = ¢ ¢~ /M?):

dktdk~ PN
H(y, dr1, 2 / /d 8,t,4, (qr1 - pPr), d71)
_ _ + M2 + 4 212
x8(g (1 —2) —k™)d(qy —q_—z—k Yo(ETk™ — (ar1 — pT)7),
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InNEW matching results
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Analytic results for n — oo asymptotics of da/dpr

Can be derived via expansion of HEF formula up to NLO and
applying IBP-reduction to qr-integrals.

der(z,p,m = 0) _ (®)

dzdp =C (Z,p)
1) 22(1—2)° D g [ (o1 =2
+c¢; 7 (2z,p)In {7@4_(1_2)2)2} +c;7(2,p)1 |:—(1—Z)(p+2—z):|

N & (z.)
V2@ =32 + (2= 2)%)

i [p@ —2) = (3-22)2+2-r+ 1) (p(z—2° + (2—3z>2>]
p(2—2)—(3-22)z+2+/(p+1) (p(z— 22+ (2—32)2) |’

where p = p%/M? and

(p+1)2(p+(z—1)2)" (p— 22 + 1)*

x {5(p+ 1) +4(2p+1)2° — (p+ 1)(23p + 31)2° + (p + 1)(p(12p + 77) + 89)z*

—2(p+1)(p+3)(p(p+ 18) + 21)2° +2(p + 1)*(p(3p + 32) + 47)2°
—(p+1)°(11p +35)2},

and so on...

M (z,p0) =
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Analytic results for n — oo, p > 1 asymptotics

was mentioned in my “pheno” talk on Tuesday:

dei(z, p, n—>oo) _ 2(z—1)2

p— dzdp p3(z —2)2
X {z —2%In [( Z)ij} —4z +4} +0(p™%),
dci(z, p,m — 00) 2z( —2)

i (1= 2(1-2)" + 0(p™)

2
A _ HE ﬁ
Ty X cl(,g) (n) + 4rag {CE? (n) + cl(.}y) (n) In e 4 < 02 cl(g) (77)]
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Conclusions and outlook

» Message 1: Quarkonium production at py ~ M < /S is the
unique part of collider phenomenology where BFKL-type
resummation is not just desirable, but unavoidable.

» Message 2: NLO corrections with § ~ M? are as numerically
important as those with § > M? at any v/S. Matching between
HEF and NLO CF is always required!

» The high-energy instability of the NLO cross section is related
with lack of the a” In" "' -55 corrections in & at § < M>.

» The HEF at DLA is the formalism to solve this problem if the
standard fixed-order PDFs are to be used.

» Matching between NLO CF and HEF has to be performed.

NLO CF+NLL HEF calculation is in progress.

Future plans:

» s production in DLA+NLO CF

» rapidity distributions in DLA+NLO CF
» pr-distribution of J/1 in DLA+NLO CF
» next-to-DLA corrections...

Thank you for your attention!

vy
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