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Introduction

» Fixed order

» Higgs Boson Gluon-Fusion Production in QCD at Three Loops
[C.Anastasiou et al. 2015]
> Resummation to all orders
» Resummation of logarithmic enhancements at threshold

[G. Sterman, 1987, S. Catani et al., 9604351]
» Leading power (LP) resummation of Drell-Yan (DY) at NNNLL
[T. Becher et al., 0710.0680, S. Moch et al., 0508265]
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Drell-Yan process at leading power

The Drell-Yan process - LP review

A(pA)B(pB) — DY(Q) + X

Pe = (nerCa nfpmpcj_) ~ Q(lv AQ? )\)

pe—pDF ~ (Q,A/Q, A)

1;7,uw
_ /dtdtéAO(z&,t) T4, T)

J,LALAO(t; E) = Xf(fn*)’yJ“U'XC(tn—i_)
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Drell-Yan process at leading power

The Drell-Yan process - Decoupling transformation

XD (tny) = Y (0)xe(tny)
where

0
dsnsAg (v + sn+)
o0

Vi (2) = Pexp [z‘gs /

From now on use decoupled fields. Leading power current becomes
Ji0(,8) = Xe(tn )Y (0)yLuY+ (0)xe(ts)
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Drell-Yan process at leading power

The Drell-Yan process - LP amplitude

(Xl s ApBos) = [ LD [ i, p,)

< [ dtn-pi)d (nap = (1)) 8 (np-+ (1-p2) O (i)
X (XEPP RO (10 py) B ()7 g (XEPF KPR (s pa)| A(pa)
<(X|T [YI(0)Y2(0)] 0)

ab
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Drell-Yan process at leading power

LP result

dopy 47Toz

i0° ~ 3N.01 Z/ dzadzy foya(a) )5 (20) Gab(2)
where [G. P. Korchemsky et al., 1993]

5(2) = 1C(Q*)* QSpy (Q(1 - 2))

Sov(@) = [ 22 cnor L 0@yt @)y (a%) Tt (0)Y4 (0)))0)

s -
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Next-to-leading power

NLP factorization formula

2
dopy drad,

1
= d2adzy, fusa(ta) o5 (10) 6a
dQ*  3N.Q* 2;/0 Tadwy fa/a(@a) fo/5(x0) Gab(2)

The 645(2) is now

F=CJRJ*®S

» (' is the hard Wilson matching coefficient
» S is the soft function

» .J is the collinear function
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Next-to-leading power

Matching at NLP

N-jet operators are built out of following relevant building blocks
[M. Beneke, M. Garny, R. Szafron, J. Wang, 1712.04416, 1808.04742.]

(Al-type) .
Xa(fnf)[nii@ﬂXc(mH, Xa(f”f)[”i(*i) &L]Xc(tnvL)
(Bl-type)

Telfno) [ Ao (tan ) xe(tins), Xe(Fino )t Aey (Fan—)] xeltna)
With the the scaling
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Next-to-leading power

Time-ordered products

(R(s.)) =1 [t [Ta(s.0) £ 0)]
[M. Beneke, M. Garny, R. Szafron, J. Wang, 1712.04416, 1808.04742.]

The NLP soft-collinear SCET quark-gluon interaction Lagrangian written
in terms of building blocks B = Y| [iD*Yy] and ¢* (z) = Y] (¢)¢s (z)
is [M. Beneke et al., 0211358]

Eél) = Xeciz! [in,(‘ﬂB/ﬂ %Xc
@ _ 1 Ty
ng = 2Xcm xnly [m dBﬂ 3 Xe
1 4
£(22£) = 2xch_xJ_ [70 mn_ OB+] —erc
1 7/L
Eg? = QXCI'L‘TL [B* in_ (“)BJF] %Xc
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Next-to-leading power

Collinear functions

We match generic collinear fields to collinear-PDF fields

et [tz [xc@m)xc(z)é*xc(z)]

= [dtnart) [t Snpnp'io) xEF ons)

This is done at amplitude level.  [D. Bonocore et al.,, 1503.05156, 1610.06842]
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Next-to-leading power

Power suppressed amplitude

(X100 A Bon) = [ ToP= D O pi )

X (XepDF|Xe g (n-10) | B(PB)) ¥ o5 (XePDRIXE ) (n4Pa)|A(pA))
«{ rrioy.o] o

+s / L 1 npese) / d(nyz) om0 )2
T

X (X|T ({YT(O)YAO)Lf ;{tla_iaBL:fb(zO |0>} + c-term
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Next-to-leading power

Cross section: /jg? example
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Next-to-leading power

Soft functions
The generalised soft function at cross section level here is

Sa¢ (92 / / (712) ia00/2—iwo(ny 2)/2

xﬁTr (0T [Yj(xo)y,(xo)] T [Y_T (0)Y+(0)- i1

LBt ()| 0)
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Next-to-leading power

The x( soft function

S (D, w) = O‘;F {9(9)5@;) <—1 +1n ;f) + }

The soft function starts at « order and is divergent. We need to

introduce the following for renormalization
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Next-to-leading power

Leading logarithmic RG equation

Hs

™ 0 4CpIn &

S

i
d ( Se(@w) ) a, (A€ —Cri(w) Soe (2, w)
dln

where 1 denotes an arbitrary soft scale of order Q(1 — z). The LL

solution is

SH (@) = T In 2 e (48U, 1] 6(2)3(0)
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Next-to-leading power

Final results

The A(z) is defined as A(z) = 6(z)/z. We find

AREp(2) = —exp [AS™(up, 1) — 4S™ (us, )]
8Cr ,  as(p)
XW ]n as(us) 0(1 — Z) 5
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Next-to-leading power

Final results
—0(1—z) {4@% [n(1—2) — L,.]

)2 [1n3(1 —2)—3L,In*(1 — 2) + 2L2 In(1 — z)]

)3 [1n5(1 —2) = 5L, In*(1— 2) + 8L2 (1 — 2)

—4L3 In*(1 — z)]

) [1n7(1 —2) = TL,®(1 — 2) + 18L2 (1 — 2)

~20L5 n*(1 = 2) + 8L n(1 - 2)

+20t (%)5 (101~ 2) 9L, In*(1 — 2) + 3202 (1 — 2)

—56L3 (1 — 2) + 8L In®(1 — 2) — 1617 In*(1 — z)]} + 0@ x (log)"™)

where we define L, = In(u/Q). Comparison to [R. Hamberg et al., 1991] and
[D. de Florian J. Mazzitelli, S. Moch, A. Vogt, 1408.6277]
i 18
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Next-to-leading power

Conclusion

v

General factorization formula at next-to-leading power

v

Appearance of collinear functions at next-to-leading power in
DY

Generalised soft functions

v

v

Leading Logarithmic resummation
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Next-to-leading power

Thank you
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Next-to-leading power

Back up slides
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Next-to-leading power

Expansion

Near the partonic threshold z = 1, 64 has the singular expansion

Gab(2) = Za? [cnd(l —2)+ E_: (cnm {W} + dpm In™ (1 — z)> +...
+
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Next-to-leading power

NLP factorization formula

2
dopy drad,

1
dQ? — 3N.Q* azl;/o dzadwy fosa(ta) fo/5(10) Gan(2)

The 645(2) is now

5(z) = Z/dwidwidwgdwgD(—é;wi,wi)D*(—é;w{,wg)

terms

2 d3(j 1 4 i —a)er
X Q — | d*y f@apatToPE—0) T
(2m)324/Q2 + q% 27

xS (23 w;, @5, wh, @)

and
D(-8wi,w;) = /d(n+p¢)d(”—ﬁi)C(”+Pi7”—ﬁi)

X J(N4pi, Tanypa; wi) J(n_pi, —xpyn_pp; w;)
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Next-to-leading power

Matching at NLP

N-jet operators have the general structure at NLP
[M. Beneke et al., 1712.04416, 1808.04742.]

N
/HdtlkC {t:.}) [ 7 (ti,t
i=1

where
Ji (t w (ti, niy) where bi(tiniy) € xs = W&, ...
7 11; 19 zk Tk 7.+ e \bilbg4 Xi i Sty

The relevant bu1|d|ng blocks are
(Al-type)
—
Xe(tn-)[nfid  |xc(tni), Xe(tn-)[ni(—i) @ L]xc(tny)
(Bl-type)
Xe(tn-) [ Acr (tany ) Ixe(ting), Xe(tino) [ Az (fan-)] Xe(tny)

Sebastian Jaskiewicz Resummation at NLP 24



Next-to-leading power

Factorization example: Eg? time-ordered product

B§ 1
(2n)P2/@2 + ¢ 2

~ 1 -
X {So(ac) +2- 3 /dw Jé?)(xan+pA;w) Soe(z,w) + c-term }

6(z) = H(8) x QZ/ /d4x67f.(zaPA+fL’pr*Q)'m
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