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Super-Leading Logarithms Byap < Qo/

Ejet ~ Q
* Large logarithms in jet processes
at hadron colliders (pp = jets):
0~ OBorn X {1+ asL +a’L* +a’L> +a2L” + L7 + ...} L=In(Q/Qy) >1

Y

[J. R. Forshaw, A. Kyrieleis, M. H. Seymour (2006)] “su per_[eading [Oga rithms”

* Non-global observable: gap between jets
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Super-Leading Logarithms Egap<czo/

Ejet ~ Q
* Large logarithms in jet processes
at hadron colliders (pp = jets):
0~ OBorn X {1+ asL +a’L* +a’L> +a2L” + L7 + ...} L=In(Q/Qy) >1

D 4

[J. R. Forshaw, A. Kyrieleis, M. H. Seymour (2006)] “su per_[eading [Oga rithms”

* Non-global observable: gap between jets

. Eoon, < Q
Non-Global Logarithms e
* From secondary emissions
* Were studied for processes without Glaubers g
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Super-Leading Logarithms (SLLSs)

e SCET factorization theorem'

7200t (Q)= [d6s a2 >

m= 2+M

1

[T. Becher, M. Neubert, D. Shao (2021); + M. Stillger (2023)]

({n} s, &1, &2, 1) © Wm({n}, Qo, &1, &2, 1))

Hard functions Low-energy matrix elements
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Super-Leading Logarithms (SLLSs)

e SCET factorization theorem' [T. Becher, M. Neubert, D. Shao (2021); + M. Stillger (2023)]
oas10(Qo) /dgl /de ({n} 5,61, €2, 1) @ Win (Ui} Qor €360, 1)
m= 2+M
Hard functions Low-energy matrix elements

1

 For resummation, set: u = us ~ Qg

Wm(gla &2, ﬂs) = f1(§17 ﬂs)f2(§27 ﬂs)l + O(as)

Anomalous dimension matrix
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Anomalous dimension

» Fullanomalous dimension: TH (&1, &) = 6(1—£1)8(1—&)T° + ﬁ(l—éﬁI‘?—k 5(1—51)I‘g

Purely collinear part: subleading

* Ingredients of soft anomalous dimension:

0 = 2Tt e a0) [T () + V6] + 0

‘“1 oy

Purely soft part Soft+collinearpart  Glauber phase

T=23 (T, Tyr+Tin- TR>f Wi =4 Wiibhara (1) Thz 0 Ty
(i-9) (:9)

VG = —2m1 (Tl,L . TQ’L — Tl,R ’ T2,R)
¢ = Z [Cf,, 1 — 6(717, — nk) Crz’,L O E,R]
1=1,2

d*Q —
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Roadmap for Resummation of SLLs

(selected)

Leading-logarithmic Multiple soft emissions

contributions (2Tand1V%) (2T and2V%)
(1Tand2V¢) \

+ subleading + RG-improved
Glauber phases
(1 Tand nV¢) /
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[2405.05305]
[2307.11089] Set of operators:

[2311.18811]

T G cC
[2407.01691] r,v-rTr

[2107.01212]
[2307.06359]
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Color Structures (2 'and 1 V%)

* Cyclicity of the trace: <7—£Fc & 1> =0 and <’HVG ® 1> =0
(H..T®1)

 Color coherence: [I‘c,f] =0
(H..VT®1) and (H...VIT®1)

* Filling up with T insertions:
(H(T)T(T)" "VET 1) and (H(T)"VCIT ® 1)
= (HT(T)"VET ® 1) New type of structures

J

(%

Known from SLLs with
one soft emission
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Color Structures (2 'and 1 V%)

e Insertions of T'¢in (H...VETT ® 1) a priori very technical:

Interplay of the real emissions and other color structures

N\ N

.. b
=Y [Ci1—06(n; — i) Ty o Ty g Containinge.g.: {1, T}
i=1,2
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Color Structures (2 'and 1 V%)

e Insertions of T'¢in (H...VETT ® 1) a priori very technical:

Interplay of the real emissions and other color structures

N\, N\
r°= " [Ci1—6(ni —ni) T 0 Tig] Containinge.g.: {T¢, T}

i=1,2

+ Trick: observe the relation (HVSIT ® 1) = (H(aLVET + X B(4)if TP TiTF) @ 1)

Use: _
* To perform insertion of I'“: [I‘C ﬂ _0 Color structure in VCT

e ...VCT ®1) is an eigenvector of I'° with eigenvalue N,
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Obtaining a Symmetrized Color Basis (2 and 1 V%)

* With 3 color operators (familiar):
i f T Ty T

* With 5 color operators (new):
ifabc{Tla’ Tld}{T2b’ TS}I}C Initial states
if T, TYTET), if Ty TV I T TS 1.9
if T, T T, if Ty, T Y T T T}
if T Ty Ty, T T i jm > 2
if abcha T2b T;T; - Ty and distinct

Final states

* Contains now symmetrized products of final states
and up to 3 distinct final states
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Angular integrals

* For one soft emission: J;, and J; = J;; — J»;

Egap < QO

/
e
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A Y . :
— Qveto (nk)

ni-nj

d%Q)
T = / EJVE (1 — Opara ()

Soft dipole operator: WJ} =

ng NNy -Ng

Jet o
© Veto

region o Jet

y.'i y.a y.b gj

1
Rapidity: y = 5 In (

Towards Multiple Soft Emissions in LHC Jet Production @ Mzﬁé



Angular integrals

d* Q)
* Forone soft emission: /i, and J; = J1; — J>i Jij = / . Wz];(]‘ - Qhard(nk))

— Qveto (nk)

* Now products, e.g.: J; J1; 0r J; Jjm

ni-nj

Soft dipole operator: WJ} =
ng NNy -Ng

1 [sinh(ya — ;) sinh(ys — v;)
2

Ji' — _lo - - 5 ) < k < )
’ S | sinh(y, — y;) sinh(y, —yj)] e yrs

Egap < Qo I

Jet o
/ © Veto

region e Jet

- o, .,
/4mTX Yi Ya v y; 7

1
Rapidity: ¥ = 5 In (
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Angular integrals

* For one soft emission: J;, and J; = J;; — J»;

* Now products, e.g.: J; J1; 0r J; Jjm

« Additionally products like J; Ji ,

because one ' emission can stay in the jet

Egap < QO

/
e

AT Y

d*Q
Ji’ = / kwk(l — Qhard(nk))a

d* Q. —k
J,{;:/ 4ka¢j(1+9hard(nk))

_ 1
Subtracted dipole: Wf = Wk — o(n; — ng)
’ Tomi ey,
—3(n; — )
¢ njome o
27
Jet e
© Veto
region e Jet
1 1 O 1 1 o
Yi Ya U Yy
e 11 1+ cost
Rapidity: ¥ = 5 n 1 — cosf
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Angular integrals

d*Q
* Forone soft emission: /i, and J; = J1; — J>i Jij = / 47Tk Wz];( — Ohara(nk))
° e /. . ] . —|— dQQk‘ —k
Now products, e.g.: J; J1; or J; Jim Jih = . Wij(l + Ohara(n))
m

Additionally products like J; /15

A’ [ d?Qp —k
And non-global structures: ikJmn / k/ k Veto(nkf)WmRHhard(nk)

27
Jet e Veto
region o Jet
1 1 O 1 1 o
Yi Ya U Yy

1+ cosé@
1 —cosf
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1
Rapidity: y = 3 In (



Outlook: case with2TC and 2 V&

* For areal contribution: 2 Glauber phases V¢ required
 Angular integrals: complexity fixed by the 2 T insertions

* Color structures: more involved, but doable

- pl
-
-
-
-
-
-
-
el -
- = e -
S e e - ——
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Color Structures (2 and 2 V ©)

» Starting from (# ... VET ® 1) and (H... VEIT ® 1)

* Adding I"“ and the second V& (using [I‘c,f] =0): Remember:
S (VE T #0

> (T)"VE applied at color
structure discussed before

(H(T)"VET)""VOTT ® 1)

(H(T)"VET(T)" "VET © 1)

J

<7—LT‘(I‘C)TVG (I‘C)R—TVGF ® 1> } I applied at color structures

with one soft emission
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Color Structures (2 and 2 V ©)

» Starting from (# ... VET ® 1) and (H... VEIT ® 1)

* Adding I"“ and the second V& (using [I‘c,f] =0): Remember:
S (VE T #0

> (T)"VE applied at color
structure discussed before

(H(T)"VET)""VOTT ® 1)

(H(T)"VET(T)" "VET © 1)

J

<7—LT‘(I‘C)TVG (I‘C)R—TVGF ® 1> } I applied at color structures

with one soft emission

* Much more color structures (order of 100), e.g.:
{T7, TYHTS T3} T - T
d*ed e (TY T T T ) T3 T/
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Towards Multiple Soft Emissions in LHC Jet Production:

When Super-Leading Logarithms Go Non-Global

« Resummed subleading SLLs (2 'and 1 V%)
* Color structures
* Angularintegrals

* Observed non-global logarithms
in combination with SLLs

 Contributions to real cross sections (2T and 2 V%)
Multiple soft emissions

Open questions:

* Phenomenology for LHC

e More than 2 insertions of T
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