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Motivation

Introduction

Electro-weak boson distributions reached percent level uncertainty
[ATLAS, CMS, LHCb, 15]

Fixed order computed at NNLO accuracy
[Gehrmann-De-Ridder, Gehrmann, Glover, Huss, Morgan '15]
[Boughezal, Campbell, Ellis, Focke, Giele, Liu, Petriello, '15]

Differential — Additional scales — Different types of logarithms

Threshold resummation improved precision and small ¢ logarithms
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Motivation

Joint threshold and ();r resummation

o Original formalism for joint gr and threshold
[Laenen, Sterman, Vogelsang, '00]

e Applied at NLL to prompt photon [Laenen, Sterman, Vogelsang, '00],
Higgs and DY [Kulesza, Sterman, Vogelsang, '02,'03], tOp [Banfi, Laenen, '05],
EW SUSY [Fuks et al., '13]

o Recent resurgence [Li, Neill, Zhu, '16]
[Lustermans, Waalewijn, Zuene, '16][Forte, Muselli, Ridolfi, '17 |

e Parton shower with threshold resummation [Nagy, Soper, '16]

e This talk — extension to NNLL /Marzani, vT, '16]
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Introduction to threshold resummation
Definition of Threshold

Threshold variable 7 = QTZ

Q?: the invariant mass final state particles

energy of the emitted gluons
total available energy

The IR divergences lead to logarithms:

-(5D)

log"(1 —7) = log" N and threshold 7 — 1 ~ N — oo
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Introduction to threshold resummation

Motivation for threshold resummation

o Not close to hadronic absolute threshold

o PDFs large in low z region

e Close to partonic absolute threshold

e Allows us to go beyond the current scope of fixed order

5 MMHT14 NNLO, Q* = 10 GeV*
T T T

wf(2, Q%)
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Qr distribution

Introduction to Q7 resummation

Q7 resummation needed for Qr distributions in the small Q7 limit
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Fourier transform: %M = log" " b and threshold Q7 — 0 ~ b — oo
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Joint resummation
NLL exponent

Generalizes to:

BN, @) = [ < i’?{z Aslan () [oor) o (20 ) +1og(NQkT)}}

i=a,b

2

@ dkg
logN/H2 Z Ai(as(kr))

F i=a,b

Approximates to:

Q* gk Nk
Ea&(X7N,Q7HF) :2/ A (Oés(kT))lOg( T>
02 /2 k2 Q

QZ

—2log N de Au(as(kr))
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Joint resummation
Joint function y

e x reproduces threshold limit: limy oo x(N,b) = N
e x reproduces g7 limit: limp oo X(IN,b) = b = Qbe® /2
e Function determines power suppressed terms

e Contour needs to avoid poles and branch-cuts

Examples:

- x =b+ N, simple pole and branch-cut structure, N /b and b/ N
power suppressed terms

S x=b+ ﬁ n >0, (N/b)? and b/N power suppressed terms,
more complicated pole and branch-cut structure, angular restrictions
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Joint resummation

T[] b— Tmlb) b —
x=0 — v=0 —
X=pL X= L
/ .
Relt] Rel)
x=bfW \=1,-N“;/,,
Im[p) P —
x=0 —
X=p ——
=2
Relb,

x =0, x = exp[1/(2asby)], X = o0, b
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Joint resummation
Interlude: By

Usually C(N, as(Q/x))

All hard contributions computed at the same scale (@), can be described
as:
- dlog Cy(a,)

By (as) = B(ag) + 28(ay) +29(N, as)

dlog ag
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Joint resummation
Hard contribution

Difference hard contribution threshold and ¢r.

Can be computed based on eikonal integral

_ b2 _
AHD = AW [2 log? N + Liy (—Nz) + (o + 2log? x — 4log x log N}

h2

=AM [Cg + Lis <—]%2) + 21og? (X/N)} ~ AM |:C2 — Liy (f;)}

Changes C,, affects B

B® — B® _25,AHW)
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Joint resummation

Overview at NNLL

Eiry(as(pr), b, N, Q*/u%, Q% /ut) =
Q2/x2 4° ?

1 N2\ - Q Q? dg?
a5 )2 (D) 2 [ e

HE

Q? 2 2 _
-/ di{A(axq))log S+ BON.b,au(@)) + 5 Dl (a)

dlog C(N, b, as)

B(N,b,as) = B(as) + 28(as) Tlog o

+ 27v(N, ag).
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Joint resummation
Orders of Resummation

Perturbation reordered in a and L:

[5’ ~ dro X Clas) exp[Lgi(asL) 4+ ga(asL) + asgs(asL) + - ]]

I 4 4
With orders of precision:  LL NLL NNLL
J J 4
ar Lt arLn aptipn
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Joint resummation

PDFs used: CT14

1.0 T T T T 7
1-72X(pp—~Z+X) VI=18Te

0.8 Joint NLL/ |10 R
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Joint resummation
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Joint resummation

[Marzani, VT, 1612.01432]

PDFs used: CT14
30.0 — 30.0 = -
(b — Z + X)[pb/GeV] 305 (0P — Z + X)[pb/GeV]
25.0 F Joint LOSNLL' /S = 1.8 TeV A 25.0 F : Joint NLO+NNLL /.S = 1.8 TeV A
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20.0 H - - = QpLONLL E 20.0 - - gr NLO4NNLL E
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Joint resummation

[Marzani, VT, 1612.01432]

PDFs used: CT14

1.0 T T T T 1.0 T T T T
L= 25(pp—Z+X) V§=13TeV folop = Z + X) VS =13 TeV
0.8 Joint NLL/ |10 T 08 Joint NLL/ |10
0 || = et (i) NLLuo ©f ==+ Joint (diag) NL|ro 1
2T —. = Joint NLL|ro . - -« QrNLL|Lo
04l "7 Qr NLL[Lo , ]
<<<<<<<< LO K
02f o7 TrsLt 1
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Joint resummation

PDFs used: CT14
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[Marzani, VT, 1612.01432]
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Joint NNLL|n1o

=+=-- Joint (diag) NNLL|nLO
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Joint resummation

[Marzani, VT, 1612.01432]

PDFs used: CT14
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Ao lpp — 2/ + X)[fb/GeV] VS = 13 Tov A& pp — 7'+ X)[I/GeV] VS = 13 Tev
0.05 b —— Joint LO+NLL' My = 3 TeVA 0.05 | —— Joint NLO+NNLL My =3 TeVA
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s SNLO
0.03 0.03
0.02 0.02 }
0.01 0.01
0.00 0.00 T T T T
1.40 110 | ox/7as E
1.20 E
T e — 1.00
080 1 1 1 1 090 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
Qr|GeV] Qr[GeV]

'[]B University at Buffalo
The State University of New York

Joint resummation 18 V. Theeuwes



Conclusions

o Application of joint threshold, Q7 extended to NNLL
e Does not work well for LHC for Z-boson production
e Better agreement to Fixed order

o Lower scale uncertainty mid to high Qr

o Potentially works better for Higgs production
e Application to BSM processes
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Conclusions

o Application of joint threshold, Q7 extended to NNLL
e Does not work well for LHC for Z-boson production
e Better agreement to Fixed order

o Lower scale uncertainty mid to high Qr

o Potentially works better for Higgs production
e Application to BSM processes

Thank you for your attention
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Comparison to threshold and gr

Q@ akz Nk
Eaﬁ(XaN7Q7MF> :2/ kz A (as(kT)) log( T)
Q%/x? Q

Q*

—2log N dkTA (as (k7))
H3 ki
F

Becomes threshold exponential for y — N

Q? 2 2
Buale N, @unr) == [ G [ Autoutlr) o () + Bloutir)
X

Q*/x?
+ /M dk’g [~2108 N Aq(as (k7)) — Blas(kr))]

2
F

Becomes ¢r exponential for y — b '[]B University at Buffalo
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Overview at NLL

Written similar to [Bozzi, Catani, de Florian, Grazzini, '06]

—N+1

do_gcs) co .
o= [ wgean [ 2m< ) W (5, N, Q)

WEN0,Q) = DS HID TN, Q as(ir), Q2 /. Q7 /ug, Q7 /1)

c,d {I}

Ferng (No 13 Fajng (N, 1)

X

X

exp{ B(1y (s (ur) b, N, Q@ /uh, @ /1) }

HE(N,Q, aulun), @ik, @ik, @ /)=o), p (e (@) HE (ae(@) (C(N, 0e(Q)))
2

Q% 4 Q
By (ea(pr), b, N, Q% /u3, Q% /ug) = _-/622/x2 qqz [A(ag(q))logqf+BN(as(q))]

2
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Overview at NLL

Written similar to [Bozzi, Catani, de Florian, Grazzini, '06]

dor (o) o an (@*\ VL
= [ db=Jo(b == W (b, N
o) /0 5 Jo( QT)/CT o\ s (b, N, Q)

WF(N,b,Q)

SOST U TN, Q 0(pr), @ /it Q% /it Q7 /ud)

c,d {I}

% foyng (N, u%) Fasny (N, nE)

X

exp{ Bry (o (ur), b N, Q% /i, Q2 /i) }

@ PN, Qas(ir) Q% /1, @ /1, @ /u) =00, (e (@) HE (e (@) (C(N, as(Q)))2j

Q2
By (es(ur), b, N, Q% /u5, Q% /ug) = ’/Qz/ 2 dqq [A(QS(Q))longJrBN(as(q))]

+f T (N, ana)
(N, o
u% q ° % University at Buffalo
. The State University of New York
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Overview at NLL

Written similar to [Bozzi, Catani, de Florian, Grazzini, '06]

(res) N+1

el B = F
dQ2 / an’ 570 bQT)/ 2m< S > W (b,N,Q)

WEN,Q) = S S HID TN, Q as(in), @ /g, Q7 /ut, Q1)

c,d {I}

% foyny (N, 13 Fayny (N, ua)

% exp{ Bry (as(un), b, N, Q*/1ih, Q% /1) }

HE(N,Q, au(un), @ik @/ 1k, @ /)=o), p (e (@) HE (ae(@) (C(N, au(@)))

By (as(ur), b, N, Q% /s, Q% /ud) = */Q [A(ag(Q))log% + By (es(q))

Q? d¢?
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Backup

[Marzani, VT, 1612.01432]
PDFs used: CT14
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