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Aims of Calculation

o Produce an addition piece to the leading jet pr beam functions to incorporate an additional
pseudo-rapidity cut

> Produce a correction to the resummed prediction for the 0-jet WZ production to alleviate
tension between the theory and experimental result




Rapidity Dependent Jet Vetoes

Due to a lack of tracking information, high rapidity, low pr jets are hard to resolve
experimentally

A rapidity dependent jet veto allows pr cuts at forward rapidities to be loosened or removed,
reducing sensitivity to forward low p jets
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SCET Factorisation

The below pr jet cut cross section for quark-initiated processes can be factorised in SCET
without a rapidity cut as follows:

cut
o (prj <p7") = B, (Q.p7", zq, 1, v) By (Q,PT" Tqr, 1, v) S (p7", 11, v) +O (pg? )

Tackmann, Walsh, Zuberi, arXiv:1206.4312
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Motivation: WZ Production at the LHC

The previous factorisation formula does not include any rapidity cut in the jet definition

This can lead to mismatch between theory and experimental predictions where such a cut is
often used

qq' — W'Z, ¥s = 13 TeV, CMS cuts, arXiv:2110.11231
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in this case, and that the use of y.ut-dependent beam functions is necessary to provide a reliable
theoretical prediction. Overall, these results highlight the importance of using appropriate

Campbell, Ellis, Neumann, Seth arXiv:2301.11768
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Calculation: Overview

Most of the phase space is shared between the B, (05, newt) = By (P3) + AB, (05, 1eu)
standard leading jet transverse momentum P — — _
beam functions and the rapidity dependent : ' !
beam functions o T o
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The calculation has been done at NLO (see :
arXiv:1810.12911), in this work the NNLO 10f :
calculation is completed !
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Calculation: Simple Addition

The calculation is further split by introducing a simplified measurement where all emissions are
clustered regardless of the separation:

MSimple _ g (nt ~ ncut) 0 (ktJ_ > p%ut) M.A _ MTotal . MSimple

See arXiv:1102.4344, 1206.4312, 1412.2126, 1608.01999, 2204.02987, 2512.23398, 2604.13176 etc

This simple measurement contribution will contain all the real-virtual contributions and acts as a
‘counter term’ for divergences from collinear splittings

Previously existing fully differential beam functions in the virtuality and transverse momentum
of the incoming quark can be used to calculate the simple addition contribution:
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Calculation: Renormalization

By considering the renormalization of all beam functions involved, a total expression for the
addition can be found:

AT (ut, P, 2) = I [Iﬁ)(%-’g 12| 4 L [MAAD |+ Ly [ M1 AD)
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Simple addltlon terms Amplitude terms Renormalization terms

Most terms can be calculated in a similar manner to the simple addition; the amplitude terms
are the most interesting



Calculation: Amplitude Terms

The remaining terms can be calculating using
known double-real emission amplitudes (see
arXiv:1401.5478, arXiv:1405.1044)

(a) qq CrCF (b) g CFrCa (c) aq CrnsTr

Subtraction terms are calculated by analytically /ﬁ\
integrating the measurement and amplitude ©

(d) q¢" CrTr qq Cr (’—ZA —(;'F)
simplified in various divergent limits

(f) g9 TrCF (8) a9 TrCa

Dimensional regularization and a rapidity
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Calculation: Jet Radius Dependence

Calculating the full jet radius dependence
analytically is beyond the scope of this 5 g
calculation L o
By taking small R limits of the measurement and =t S . ol |
amplitudes, the log R term along with all terms ) )
up to R? have been calculated analytically (and . o - P
up to R* in some channels) Lol I §
R
These can be used to extrapolate from R=0.2, t y RETSETITSCPSTRTTEILILE 11 E oo ;;E}H”E‘:fiﬁfﬂi_,“?
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Global Slicing

Below-cut cross sections can be calculated using both the jet p; and rapidity-dependent beam
functions and combined with an above-cut cross section to obtain an inclusive cross section for a

test process (e.g. on-shell Z production)

This above-cut term can be easily calculated using programs such as MadGraph as it only
contains NLO type divergences
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Global Slicing

By choosing specific cut values, the power corrections can be reduced to validate the below cut
prediction and therefore the calculation of the beam functions

The size of deviation can also be compared to the expected size of the power corrections and

behave as expected
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WZ Addition Calculation

We.follow the theoretical setup seen in oo () ] | o0 (P, Meur) [D]
arXiv:2301.11768 (complex mass scheme, NNLO
fiducial cuts, no use of profile scales etc) - 198 + 8 137 + 8
lo§™5 — 9] | 38£10(3.80) | 29410(2.90)
: . : NNLL’
The 0-jet WZ cross section including the 198+ 139+
rapidity cut moves closer to the experimental CMg” 7 =5 +?9—5
prediction; an ~ 3o discrepancy is still present |05 — oo 3875 (4.90) 2775 (3.50)
(compared to the initial ~ 4o discrepancy) NNLO+NNLL'
o 130" 13915
|o§™MS — o 36J_r; (4.20) 27:%7 (3.50)

The CMS Collaboration arXiv:2110.11231
Campbell, Ellis, Neumann, Seth arXiv:2301.11768



What’s Next?

Calculation of gluon rapidity dependent beam S —

functions -

e S PO . A

% - signal jet ———=——

- .- . O 40 i B
Calculation of finite step rapidity dependent beam 5
function -

ul
Michel, Pietrulewicz, Tackman, arXiv:1810.12911



Summary

Successfully calculate the quark rapidity dependent beam function at NNLO

Working semi-analytic + numerical implementations

Calculated the resummed addition to the WZ O-jet cross section; showed this was not sufficient
to explain the discrepancy

Predictions for gluon rapidity dependent beam functions and finite step veto to come in the
future



Backup: NLO Slicing
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Backup: NNLO S
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Backup: R Extrapolation
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Backup: R Calculation
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Backup: Hard Function Extraction

Extract the FO differential cross section numerically 0.000030}
from implementation in MCFM __ 0.000025 — WZ Analytic
= 0.000020 ¢ — WZ MCFM
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Backup: WZ Addition Setup

Resummed term is calculated using a SCET factorisation formula, where all scales are evolved to
resumm the large logs using the factorisation functions corresponding RGEs, e.g.:
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Non-singular term calculated by matching to the FO result
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Backup: PS Importance
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Backup: Fitting

The remaining numerical parts of the calculation depend on 2 variables:

{’U:‘ CCllt}a U= l—}_—CCUL
Ccut
To fit we use a 2-D Bernstein basis along with carrier functions to describe endpoint behaviour:

Ccun = 0.00910827
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