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@ measure geometrical properties of energy flow
@ mostly used in lepton collisions

@ precise extraction of ay
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@ measure geometrical properties of energy flow

@ mostly used in lepton collisions

precise extraction of ay

definitions for hadron collision exists as well
use only momenta transverse to beam

useful to study jet substructure and underlying event

e © ¢ ¢

NLL resummation is available in automated framework CAESAR
[Banfi, Salam, Zanderighi]

Jan Piclum (University of Siegen) Transverse Thrust at NNLL Siegen, 23 Jan 2020 2/ 14



Transverse Thrust

defined in analogy to thrust:

T| = max 72 [Pt - 71|

= T =1-T,
L Z‘pmﬂ

Goal: resum singular terms in dijet limit 7, — 0 at NNLL using SCET
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Transverse Thrust

defined in analogy to thrust:

T| = max 72 [Pt - 71|

= T =1-T,
L Z‘pmﬂ

Goal: resum singular terms in dijet limit 7, — 0 at NNLL using SCET
iy

71 — 0 limit also contains non-singular
configurations with all particles in the same plane

31

~ larger corrections when matching to fixed order
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Transverse Thrust at LHC

CMS 51 (7 ToV)
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Momentum Modes

consider transverse thrust in pp — 2jets:

. 2 /02

G p?/Q
1 + hard
TL = CiyCj
Ti -1 Ca,Cby S
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Factorisation Formula

partonic cross section ab — ij for recoil-free transverse event shape:

. Q2 _Fab—fij(n) bt B ) .
t(r) ~ Hyy ™ <?> 551 (k) Ba (k) By(k) Ji (k) J; (k)

) (for transverse thrust: Fe0—i = Fab)

Ch Ca
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Factorisation Formula

partonic cross section ab — ij for recoil-free transverse event shape:

~ . Q2 _Fab—>'i/j(n) bt B ) .
t(r) ~ Hyy ™ <?> 551 (k) Ba (k) By(k) Ji (k) J; (k)

) (for transverse thrust: [0 = fab)

needed for NNLL:

o ‘. @ 1-loop hard, soft, jet, and beam function
@ 3-loop cusp anomalous dimension
@ 2-loop anomalous dimensions

j @ 2-loop anomaly exponent
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RG and Factorisation Constraints

) I e R
i) ~ 175 (%) S () B () By (5) T () ()

Factorisation requires:

C(L+CbFJ_+Oi+Oj

F(Lb—)ij — Fab FLJ —
- 2 2

/
Fy
RG invariance requires:

Yrab—ii + Ygab—is + VB, + B, + V5, + Vg = 0
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RG and Factorisation Constraints

- bsij Q3 —FUTE) b—ij ;N\ B =
i) ~ 175 (%) S () B () By (5) T () ()

Factorisation requires:

C,+Cy C; +Cj

F(Lb—)ij — Fab + FLJ — 5 FJ_ + 5 FJ/_
RG invariance requires:
ab —ij 1 Ygav—ij + Yga—is + VB, + VB, + 70 + v, = 0
ete” —ij: g+ Ve +v,+v; = 0
ab — €+€_ . ’YHab + ’Y}g’ab + ’YBa + ’be - 0
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Anomalous Dimension of Beam Function

consider g7 — ete™:

YHae1 = —7Ys94d — VB, — VB;

@ hard anomalous dimension is known: g = 279

@ soft function is scaleless: visa =0
~ B, =71

consider gg — H — v to obtain vy, =/
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Anomalous Dimensions of Soft and Jet Function

consider eTe™ — ¢ and eTe™ — gg:

YHiG = Vs =V — VI

for F'/ = 0:
® vga = 297, YHo9 = 279
® g, = =1 = gYsun, Vg, = =0 — g0
@ extract 4z from fixed order result, e.g. EVENT2 [Catani, Seymour|
® 7549 is related to y5q¢a by Casimir scaling (at two loops)
® Yoar—i; for other channels is determined by RG invariance

for F'J £ 0 soft and jet anomalous dimension are not needed separately
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Anomalous Dimensions of Soft and Jet Function

consider eTe™ — ¢ and eTe™ — gg:

YHiG = Vs =V — VI

for F'7 = 0:
® vga = 297, YHo9 = 279
® v g, = =71 = 3Vsu, Vg, = =70 — V509
@ compute v5qs with SoftSERVE, see talk by Rudi Rahn
® 7549 is related to y5q¢a by Casimir scaling (at two loops)
® Yoav—i; for other channels is determined by RG invariance

for F'J £ 0 soft and jet anomalous dimension are not needed separately
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Anomaly Coefficient

@ define observable with known anomaly that

» agrees with 7, for one emission
» differs from 7 for two or more emissions

@ compute difference
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Anomaly Coefficient

@ define observable with known anomaly that
» agrees with 7, for one emission

» differs from 7 for two or more emissions
@ compute difference
TLingqg—ete:
T = Z)ﬁmL) - ‘ﬁmL'ﬁL)
S = ‘ZﬁmL’ - ‘Zﬁmj_'ﬁj_’

@ compute S| from known Drell-Yan results [Becher, Neubert]

o dBY — dy is determined by rapidity divergences of soft function
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Anomaly Coefficient

aq Qs s\ 2 Ly 1
FI'L.)= ECFFOLL + (E) Cr F0507 +IML, +ds

from numerical evaluation of tree-level two-emission soft amplitude:

dy = (208.0 +0.1) Cg + (—37.191 £ 0.006) Trny

comparison with DYNNLO

@ agrees with SoftSERVE
[Bell, Rahn, Talbert]

@ agrees with DYNNLO

[Grazzini] e B SR

-0.51
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Results: Transverse vs. Regular Thrust

¢*e” - dijet (transverse thrust) e*e” - dijet (regular thrust)

NLL  NNLL O(a?) fixed order

Psofe = 4MzT 1, pjer = 2Mz\/T 1
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Results: Transverse Thrust

pp- Z - e*e” (transverse thrust)
06 RN

¢'e” > dijet (transverse thrust)

do
oi dint

Int, Inty

NLL  NNLL O(a?) fixed order

fisoft = AMzT 1, tiex = 2Mz\/T1, fibeam = 2¢2C/™ MyT|
MSTW 2008 NNLO PDFs, ag(Mz) = 0.11707

Siegen, 23 Jan 2020
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@ we determined all ingredients for NNLL resummation of transverse
thrust by exploiting universality properties of factorised cross section

@ we find large corrections at NNLL

@ transverse thrust in pp — eTe™ could be used as a probe of
underlying event

o the method can be applied to other observables and can be extended
to an automated resummation framework
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@ we determined all ingredients for NNLL resummation of transverse
thrust by exploiting universality properties of factorised cross section

@ we find large corrections at NNLL

@ transverse thrust in pp — eTe™ could be used as a probe of
underlying event

o the method can be applied to other observables and can be extended
to an automated resummation framework

still missing:
@ full implementation for hadronic processes

o Glauber gluons?
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