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Super-Leading Logarithms for Massive Final States
Origin of SLLs

Large Logarithms in pp — jets processes: ln(g) > 1
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Large Logarithms in pp — jets processes: ln(—) > 1

Partonic cross section evaluated at ¢ = ps ~ Qo:

Trivial low energy
matrix element

Hard function
G55 = (H(Q, = ps) ® 1)

‘ » Evaluated at: s ~ Qo
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Super-Leading Logarithms for Massive Final States

Anomalous Dimension

[’H(Q, ps) = H(Q, pn) x Pexp Uﬁ” (ZL”

TH(¢y, €)= 6(1 — £)5(1 — £)TS + 6(1 — £)TC + 6(1 — &)1 — [ Josuars talk |

Romy Griinhofer | JGU | DESY 2025 [@@000][0000Q][0] 3




Super-Leading Logarithms for Massive Final States

Anomalous Dimension

[’H(Q, 1) = H(Q. ) X P exp U;} d’*p%(u)ﬂ

0
T (), 6) = 0(1— £)5(1 — &)T° +{6(1 — &)IF + 6(1 — &)1 — [ Josuars talk |
\
Collinear parts =) subleading
effects

Romy Griinhofer | JGU | DESY 2025 [@@000][0000Q][0] 3




Super-Leading Logarithms for Massive Final States

Anomalous Dimension

[’H(@, 1) = H(Q, ) X Pexp [ fu d“r’“(u)ﬂ

0
T (€1, &) = 6(1 — £)5(1 — &%+ 6(1 — &)TC +3(1 — &)TF — [ Josuars talk |
A \
Collinear parts =) subleading
effects

collinear part: 4

=

~ . 2
Soft and soft [I‘S(M) _ as(p) [I‘ 4oV 4 Vel 4 e ln(ﬂ_z)] i O(a?)}
h

Romy Griinhofer | JGU | DESY 2025 [@@000][0000Q][0] 3




Super-Leading Logarithms for Massive Final States

Anomalous Dimension

[’H(Q, 1) = H(Q, ) X Pexp [ fu d“r’“(u)ﬂ

0
T (€1, &) = 6(1 — £)5(1 — &%+ 6(1 — &)TC +3(1 — &)TF — [ Josuars talk |
A \
Collinear parts =) subleading
effects

collinear part: 4

/

Purely soft
emissions

Soft and soft- O
[FS (N) — (U) p

2
‘|‘ YV + 7V 4+ 4T¢ 111(”7)] + O(a?)}
h

Romy Griinhofer | JGU | DESY 2025 [@@000][0000Q][0] 3




Super-Leading Logarithms for Massive Final States

Anomalous Dimension

[’H(Q, 1) = H(Q, ) X Pexp [ f“ d“r’“(u)ﬂ

7
T (€1, &) = 6(1 — £)5(1 — &%+ 6(1 — &)TC +3(1 — &)TF — [ Josuars talk |
A \
Collinear parts =) subleading
effects

Soft and soft- s,y os(p) | G ot T )
collinear part: [F (1) = = [F +[’YOV +7V ]—i— YoI'“ In —% + O(as)
i T

Purely soft Glauber  Coulomb phase
emissions phase = only for
massive partons!

=

Romy Griinhofer | JGU | DESY 2025 [@@000][0000Q][0] 3




Super-Leading Logarithms for Massive Final States

Anomalous Dimension

[’H(Q, 1) = H(Q, ) X Pexp [ f“ d—“r’“(u)ﬂ

7
T (€1, &) = 6(1 — £)5(1 — &%+ 6(1 — &)TC +3(1 — &)TF — [ Josuars talk |
A >\
Collinear parts =) subleading
effects

2
Soft and soft [I‘S(M) _ as(p) [F+70VG+,YOVCOUI J{%Fcln(#_z)ﬂ +O(a§)}
h

collinear part: A7 1
/] T N o
Purely soft Glauber  Coulomb phase Cusp contribution
emissions phase = only for

massive partons!

Romy Griinhofer | JGU | DESY 2025 [@@000][0000Q][0] 3




Super-Leading Logarithms for Massive Final States
Colour Traces

{rs(u) — O‘ZST’“‘) [f+70VG + oV Eou 4T m( 2)} —I—O(o@)}

Sl B

o Want as many I'“ as possible L (H(u) (T)" @ 1)
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Super-Leading Logarithms for Massive Final States
Colour Traces
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Colour Traces

2
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h

° Want as many I'“ as possible

o Use soft emission
(introduces Q)

o Use Glauber phase 4 (H(up) (I‘c)n ® 1)  cross section should be real
(VST #0
[VCoulj FC] — 0
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Super-Leading Logarithms for Massive Final States
Coulomb SLLs

Resummed cross section:
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Coulomb SLLs

Resummed cross section:
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o Scale integrals
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Super-Leading Logarithms for Massive Final States

Coulomb SLLs

Resummed cross section:
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Can be simplified
in general

Now: consider
specific process



Super-Leading Logarithms for Massive Final States
2 — tt Processes

For tt-production: o qf — tt

o gg — 1t
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Super-Leading Logarithms for Massive Final States
2 — tt Processes

For tt-production:

o gg — tt

Center-of-mass frame: kinematics encoded in

o B=pBr=pP; where f[;=/1——

on=mn=—n; where n; = artanh (cos(f;))

Veto region between the jets: n € [—1,1]

Soft scale: s = 20 GeV

2m
Hard scale: uj, = ———

Vi- 7
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Numerical Effects
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Numerical Effects
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Numerical Effects
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Numerical Effects
gg — tt
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Numerical Effects
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Conclusion

New source of super-leading logarithms for massive final states:

e Vanish for 8 — 1 (masslesss limit)

o Enhanced for 5 — 0 (threshold limit): Sommerfeld effect

—> Requires resummation close to threshold

Numerical impact:

e gqq — tt : no contribution

° gg — tt:upto ~ 1% effects in the differential cross section
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for your
attention!
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(Thank you\
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Anomalous Dimension
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Cross section

. Hi d” MQ
U(1; pi, p15) = €xp [N/ %usp(as(ﬂ))ln()]
T v

2
J h

(d_o_)SLL,Cou] o 1 6 1
dn "~ cosh®(n) 327 M2 NIN;
Todr 1
X {167?2 Tr(%gﬁz(yh)Xcoul) / ?EUC(l;uh,u) (1112(35'3) — 1112(33))
1 0
3 1
— §7T2 Tr(Hgﬁg(uh)XQCOUI) 5 1113(1:5)}
0

where X% = Jusvyi f O ST Ty TS T

X3! = vk pete (TE{Td, Ty - T, 1) (T + J3y )
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