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.
Resummation in SCET: H — vy

Precision calculations require large log resummation.

5y

Coefficients of the 3 loop amplitude for H — ~+ (from our
analytical results):

Cp [%LG +.. ] =0.01975L°% — 0.31111L° — 8.74342L* — 68.6182L> + . ..

+ (0.02963L5 + 0.79012L* + 3.57918L3 + .. ) ny
See Xing's talk on Thursday

Confirmed with numerical results in literature.
(Czakon and M. Niggetiedt, '20)

Resummation of only leading and next to leading logs is insufficient!

SCET offers a consistent framework for RG-improved PT.
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Renormalized factorization formula for H —

Consistent large log resummation to higher orders requires:

@ Renormalized factorization formula for the amplitude

1
My =H(1)(01 1) +2 [ d[Hate, ) O(e.1) = [ 111402 (2.10)] = Lo (2. 1O (2.1

My, 1p oM,
+ Jim G0 [ [ T O ) (M) S ()
o——1 0 0 0 (+

@ RGEs that hold beyond the LL and NLL

The hard coefficient H; has the most non-trivial RGE.
Derived from the RG invariance of the full amplitude and the
re-factorization conditions.

gt My =0 = [ (g5 — 1) Hi ()| (01 () + 5T + 2 Taw)

Detailed derivation in arXiv2009.06779
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Renormalization Group Equations

Operators
ITW (O1(w)) = =711 (O1(p))
"1
dlnu (Oa(eop) = = [ (202 (02 (Z20)) = (=) (01 )
’“““ Ozl / d'Iyaa (= ) 1102 (' 1))] = D21 (2)(O1 ()]

Jet function

o0
J (% p) = ,A davyy (p*,2p®) J (xp®, 1) (Z.Liu and M.Neubert arXiv 2003.03393)

Soft function

d oo
mS(w‘u) = —/0 dw'yg (w,w';p) S (w', 1)

dlnp

(Z.Liu, BM, M.Neubert, X.Wang arXiv2005.03013)

Hard coefficients

dld Hi(p) = Deut (u)+“mUl(u)+2/ dz {[Uz(zvﬂ)’m(z)*|[U2(Z,#)]lz|bzl ) = [Ha(Z, 1)]z[21(2)]
n 0

d _ / /
TMH (Z./t)—l/o d2'Hy (2, 1) y22 (2. 2)

) = [ () b ()] T Ha) = s Ha(0)

dlnp
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Anomalous dimensions

In principle using RGEs is possible to obtain " arbitrary” higher order
accuracy in log resummation.

—M?
733 =Leusp (as) In th + 279 (as)

Y22 (2,2) = — CFT“ { [lnz +1In(1 —2) + %] 6(z=2) +2(1-2) L/Hi ) 0(;,:;) L 17 7 9(;:;/)} +} +0(a?)

[v22 (2,2)] = 7% {(lnz + ;) S(z—2)+2 {5/((22’/:22)) + bz Z/>]+} +0(a?)

z(z—2")

o (92 2 — -, 5(1 — o - 2
77 (0% 2p%) = [Teusp (as)In iz (as)| 6(1 = @) + Teusp (as) T(1,2) + O (o)

ys (w,w's 1) = — [Fcusp (as) ln% — (rx‘,.)} 5 (w—w') = 2leusp (a) wl (w,w') + O (af)

- Ve g,
Deye (1) =4 de(x)/ %[[H;(mz,u)]]Am(z,u)
0 1z

D¢yt depends only on the hard scale and has single logs.

Des(p0) = —Nsen 2) [ G166, 4 ($2)” dewa + O (o) |

9 M?
deyt,2 ~ In Tz"
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Resummation in RG improved PT
at NLP in SCET

Bianka Mecaj (JGU) Resummation at NLP in SCET April 23, 2021 6/16



Resummation in RG improved PT

T

— T
My = TG 01 +2 e[ oo )(O(z, ) = [Hate. ][Ol 10)] = L2, ]H(Os(2. )]

My, d[, o My, d/ X
+ Jim [ [T IO T Mt S ()
=1 o - Jo an

LP

@ At LO in RG improved PT the first two series are resummed.

T; ~exp |:L ~go(aL) + gi(aL) + a- ga(al) + ...

= Za" SO Za" SL" + O(a) corrections]
n n

@ For H — ~~ there is a contribution at LO RG improved PT
from the 73 and 75 amplitude.
e For pp ~ My, then T} large log contribution starts at O(a)
Note that resummation in the RG improved PT is much more accurate than the
naiive log expansion of the amplitude:

M~ Y (o B4 5 (ot 271) 4

In this case large logs from higher orders are still left unresummed!
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Resummation at LO in RG improved PT
T3 amplitude
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|
Resummation of 75 at LO in RG improved PT

T2

My =T (01G) +2 [ d=[H (2.1 Oat 1) = [Hale IOl )] = ol mIL(Oa( )]

Mi de_ (oMn g,
+ lim Hs(u)/ 7/ ——J (Ml o) J (=Mply, p) S (Ll pr)
o——1 0 0 (+

LP

Ts

@ Cutoffs introduce higher order power corrections that should be
dropped for consistency

@ (4 ,0_ integrals generate rapidity logs (collinear anomaly)

@ T3 is enhanced by two powers of log

2

Ty o — 2+C4F”’ [7%Li+(12+8@>u+«-»]

CFG
T« 4W°{TLhL —SLfn }

L*  Cras [5L w2 L2, L}
Ty o — Ly -4+ (4 231, ) L2 - L—8C3Ly +---
R [12 + (L —1) +< 3+ 5 3 ,> +(3 +8C3> 8C3Lm +

Ly =In(-M?/u?) , Ly =In (m}/p?)

T3 amplitude contains the leading and next-to-leading large logs.
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Resummation of 73 at LO in RG improved PT

_ oW (n /Mh de_ /”h dly Sty (is) 25F (1ssbtn) =28 p (1 s1n) =28 F (i n) (_A["'l’> ( J\Ihbr) ( bl )
0 0 HE #+ .UE

ng
0l
cusp

CF"/SUSP Ar 1 % 51 B o
S s =—5 | = I———1 ~cusp 1= ! !
P (s pn) 4“95 s (lli) r ur )+ ’YSUSP 3 ( T T) 230 -
w In as (pn) r= M

ar (s, pun) = s
r (14 th) 250 s (1) s (1)

(ag #s)) 250 . zwa;rr (1 - a’F)L—Q'yEa;F (1 - (11:) AyBag (722 —ap, —ag, 1 —ap, 1 —ap,
I(1+af) I'(1+agp) o 0,1, 0, 0

X

Giﬁ(~ -+ | ): Meijer G function

Scale fixing: p? = M}

* Dynamical scale setting: ug ~ 0l 1 ~ Ll My

* Gi:i(~ -+ | ) vanishes for z — 0o = the scale parameters should be kept

2
larger than mj.
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Resummed amplitude

Resummed amplitude expanded in power series:

NL_ @y () Ly, 20 (n+ 1) 3p2n+1  fo pP (n+1)?
My == 5 2;) P Tan+3)  |' T 2L 203~ CraL @i+ 3)@n+5)
— CFﬂs(ﬁh)LZ L =1 7]&12 2 — 0
P on s n( i/ my L)

Sub-leading log term doesn't agree with literature!

(Akhoury et al, '01)
The formalism can be extended to colored final states.

A very similar formula was derived for gg — H

(See Xing's talk)
Tower of LL there agrees with literature. Disagreement at NLL.

(Liu and Penin, '17; Anastasiou and Penin, '20)
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Resummation at LO in RG improved PT
T5 amplitude
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|
T, resummation at LO in RG improved PT

@ Completing the resummation at LO in RG improved PT
requires resummation of large logs in 7, amplitude

Ty =2 [y dz [Ha(z 1) (Oa(z: 1) = [H(z )] (O, )] = [Haz, ] [(O2(. )]

e T, has a more complicated structure = challenging to produce
an analytical result as for 73

e Endpoint divergences are are cancelled between Hs; ® O, and
[H2] ® [O2] terms
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T5 resummation

o Expand O; and H> in Gegenbauer moments
(Lepage and Brodsky, '79)

Hy® Oa = [y dzHa(z, 1) (O2(2, 1)) o 3050 hom (1) azm (1)

daan() 500 (2m, s (1)) o (12) — 2N (2m)Fa1 (2m, cus (1)) (O (1))

dlnp
_ 2(4m+3)
N(2m) = 3@m+1)(2m+2)
@ Solution:
(0) <(0) (0) <(0)
5. 55 57, 55,
—14+—52m p —3m (1) A — 1450
Am 1 280 —1 (0) B1) r %o -1 /ZmA _ r 2P0 —1 T 260 —1
azm (1) o %0") 25000 + (’721 (2m) + o) 550 + 20 Bo ~ Ao 750 + “20-570
_ os(un)

)

Requires the two loop coefficient of the Brodsky-Lepage kernel in
Gegenbauer space: 57( )
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T5 resummation

o Divergent part comes from the mixing of O, with O;.
The divergent part of the convolution

(Ha(1) @ Os(1) ) < Soweo Grraeeisie =501 (v)
o For the subtraction terms need to solve the RGEs and then
expand the result in Gegenbauer moments:
The divergent part is exactly the same as for H, ® Os and they
cancel!

6N (2m) 01(v)

([[Hz(zq w] @ [Oa(z, ] + [Ha(z, m)] @ I[()z(i«,w]l) x .
div. m=0 Bo+2CF (2H2m+1 ~ EmiD@Emty) 3)

To perform the resummation it is easier to solve the equations

numerically.
(Work in progress)
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Conclusions

@ Resummation of logarithms for precision purposes should be
treated in RG improved PT

@ We have shown the first subleading power observable in SCET
consistently treated in RG improved PT

o The framework sets the basis for other application for large log
resummation; for instance with colored final states gg -~ H
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