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Boosted top jets

@ High-precision determinations of top mass O
from event shape distributions L 0=T00GeV. o m = 169.537 GeV
L 3 == NLL
@ SCET + bHQET factorization theorem for = 02
thrust/invariant-mass distribution R A Y
[Fleming et al, 07] ﬁ 0.1
5
do (") g S(T0) =
eak: — ~ Hgx Hy*x J).° JLYes =
P dr Q*MexJp i ®Jp7 ® %63 ) 175 180
do M [GeV]
tail e ~He*Hex @ ®S [Hoang et al, 20]

@ State-of-the-art:

vyvyyvyYyvyy

@ Goal:

vy

NLL QCD + LO EW (width I'; in peak region) [Fleming et al, 07,08]

2-loop bHQET jet fct. Jg ; [Stewart et al, 08]

2-loop SCET - bHQET hard matching H; [Pathak et al, 15]

2-loop SCET massive jet fct. J; [Lepenik et al, 18]

Study at N3LL (peak region) [Hoang et al, 20] — poster

systematic inclusion of NLO EW effects

Weak Sudakov logarithms — ~ aln Q/M, where M ~ My, Mz (normalization)
EW logs (essentially QED) ~ alnt  (shape)
EW interference effects beyond 1 (shape)
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ete™ — tt with electroweak corrections

@ Observable: 2-jettiness 7 [Stewart et al, 10]
@ Factorization for m;s; = Mf — m% < m% in QCD: [Fleming et al, 07]
do r r
= ~HoxHex sl @ @S
@ Hierarchy: Q> M2~ m2 > M2 —m?2 2> my > /\(23CD
@ Leptonic objects also charged under SU(2)x U(1)
@ In this hierarchy: Ho | Q~ I3l |al
> Weak (massive) corrections: virtual effects only
— amplitude level calculation/factorization Hyril= M ~ my, My, My, My
suffices in this hieararchy
> QED corrections to all factorization quantities .
JB — St~ Ft
@ Initial-state collinear objects (QED) can be treated
with beam functions
! L M3,/0O ~ M ~ Noc
[Stewart et al, 10] 5 Mi/Q IT4/Q ~ Aqep
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Operator and channel space notation for ¢/ — qg

@ |sospin/operator structure, e.g. for LL chiralities (QCD and Dirac indices implicit):
O, =(Zri0)(griq) =T, T,
(On)i = (i3, ia| Oylir, o) = M;

@ 6 “physical” combinations for [} ® '} and / out of 16 in total (with net I3 = 0)

(pv)(au) 131 .
(Du)(dd) 7 ® symmetric
) (Ee)(lzu) r r t3 ® t?’—%ta ® t?
I~ | (ze)(dd) 180~ Bol
(ev)(ad) 1® 3 broken
(ﬁe)(gu) ttt- -t~ ®tt
“channel space” “operator space”

@ The two bases are related by an orthogonal transformation B;;
@ Operator space: easy to keep track of symmetry-breaking (SB) effects

@ Amplitude M is some vector in either space, and (factorizable) radiative corrections A act
as matrices:

M; = ZAUMJt_ree — ZA”Mgree
1

J
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SCETew

[Chiu et al, 07, 08, 09]
@ Hard SM tree-level (expand in M/Q < 1):

M~ (x « 000 0)
@ O are formulated as SCETgy operators with corresponding Wilson coefficients C;

SCET ~ 1EW cEW SCET,
O - OB~ E {&n}7 S By, Leg ~ E OBV G
ij /

@ Collinear and soft operators:
{xn}i = xi X1, X1, X, Sii = (Y14 (Y2)i, (Y3)is (Ya) 4,
@ Matching at high scale g ~ Q + evolution from pg ~ Q to ppy ~ M

(qqlet); = > (07FTEw), ¢
I

dl(rlw C=> "¢ — Clum) =D U (um + 1) Ci(nq)
J J

* %0000
*«%0000
@ C; and evolution I'EV are free of [EW 00 x x * *
SB effects: ~ 00 x % % %
00 x % % *
00 % x % %
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Matching at M: virtuality

[Chiu et al, 07, 08, 09]
@ Matching at EW scale upy ~ M onto QED + QCD (SCET,)

SCET, SCET. SCET
OFT =3 0T Mu 077 ~{xa}t] S
J

@ Contains SB effects (most easily seen in operator space):

x K K Kk x x
* Kk ok kx kK
x ok ok ok ok K

M ~

M.l x ok KX K x %
x K KX KX x %
Xk KX K x %

@ Mass-mode matching My, and its evolution in virtuality p well-defined:
» Anomalous dimensions are free of SB effects above and below M respectively

d
dlnp

My = My TV ' My,

> SB effects (boson masses etc.) are contained in the matching itself

@ Rapidity log remains

InMpy ~alnM/QxInM/up
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Matching at M: rapidity
@ “Soft-collinear factorization” (= regulator-dependent split) of My, at u ~ M
MM = Mc Ms,
(qq{xn )TV 160) = (qql{xn}] |€0); M,

(0|SEW]0) = (0[S7|0); M ;

@ Using the symmetric rapidity regulator with evolution in v [Rothstein et al, 11]
d (v) d (v)
Me=M Ms = — M
diny ™€ <Tm diny "¢ M s

@ Summary:

> Approach correctly treats: FO EW one-loop 4+ LL EW resummation
> Structure and soft-collinear factorization at M at higher loops so far conjectured

SCET ~ 1EW cEW SCET
0 — 07T N {5} EV SPY By, Lei~ Y OBV
i [
= checks against two-loop FO SM calculation [Denner et al, 06, 08]
= checks against two-loop Sudakov FF [Assi, Kniehl, 20] — poster

(work in progress)
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Factorization theorem for top production

@ In the regime m? ~ M? > M? — m? ~ m:[; the factorization theorem takes the form

dae‘ e tt

S~ T MM CCTMIME] + ) @ ) @B, ®@B. ®S...

@ p; is the density matrix for the measurement of channel /, e.g. for e"e tf
por o+ = diag(0,0,1,0,0,0) in channel space.
Tr denotes the trace in operator or channel space

@ QED + weak Sudakov logs can be resummed by evolution v

@ Above formula describes the double-resonant cross section only, with bHQET jet functions
S im0 T hefe]0)(T)]
@ In top channel(s), e.g. | = ete  tt:
Im[A/lC,,-} #0 dueto my> My + my

— these imaginary parts cancel in MIMC.

@ Resonant/non-resonant interference contributions are obtained by [Hoang, Reisser, 04]
|m[Tr[M1pe,e,thc.._} «i (0T htf_rt|0>(rf)]

— bW —cuts in J\;lj; have same sign as in M(!
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Resonant/non-resonant interference effects

@ Im [Tr[/\;lipe Fom thC...]] diagrammatically at O(aw /5t):

o, + o3+ o e~ e

@ Crucial aspects:
> Full-theory cuts (no label = W¥)

RO R

reproduced by the EFT imaginary parts v

i = g0 ey

> Factorization of ultracollinear (bBHQET) and mass-mode effects
— checked diagramatically for the jet vacuum correlator at O(awos) v
e.g. cancellations at O(1/5;) such as

léﬁ §+§o
2 2.
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Numerical example

@ Interference with tree-level bHQET jet function

_ 1 1
i O|T heheJoydtree o 2~ — B (5 5 =52
<| lt|> Tl'§t+l-rt/2 1( )7 /
04
03
02
Im[(A+ iB)Br,] = o — Relsy
i — Im[8
= Alm[5r,] + BRe[5r,] -0 V i,
-02
6 -4 -2 0 2 4 6
5 [GeV]
@ Induces a shift of peak:
04 0.455
03 0.450
02 0.445 — Im[Br]
0.1 0.440 — Im[Br,] + (6"V), x Re[Br,]
0.0 0.435
) 21 0 1 2 ~010 =005 000 005 0.0
5 [GeV] 5 [GeV]
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Summary and outlook

@ Summary:

» EW corrections in the peak region for boosted top pair production at lepton colliders
» Summation of Sudakov logarithms (virtuality + rapidity)

» Resonant/non-resonant interference effects for inclusive boosted top jets

@ Outlook:

» Connect with QCD calculations

» Refine treatment of QED for initial-state

> Test of EW soft-collinear factorization against SM FO (two-loop)
> NLL resummation

> Extension of formalism to LHC observables
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