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QOutline of the talk

=Event shapes and the strong coupling

nEFT, factorization, resummation of perturbative logs
»Nonperturbative corrections and renormalon subtraction schemes
=Effects of perturbative and nonperturbative scale & scheme choices

on tits for a

® In a nutshell: some of these choices have a few % effect on the

tails of event shape distributions and the values of a, extracted by
comparing them to data

= Motivations for more data on more event shapes
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Angularity event shapes in e*e- collisions

= Consider Angularities, which can be defined in terms of the rapidity and pr Berger, Kucs, Sterman
of a final state particle ‘i’, with respect to the thrust axis: [hep-ph/0303051]
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(for some arbitrary, but uniform, definition of “2-jet”)
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Event shapes to high precision

» First N3LL resummed event shape distributions with state-of-the-art treatment
of nonperturbative corrections, e.g.:
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Makes e+e- event shapes one of the most precise ways, in principle, to determine «,
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Factorization, Resummation
and Nonperturbative Effects in EFT
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Evolution and resummation of logs

» An all-order dijet factorization theorem for the observable is easily derived in SCET:

RGE dH(Q%, ) [ Q°
do ~ H - S _

» Evolving all scales to/from their ‘natural’ settings, one arrives at the resummed cross section:
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Perturbative scale profiles
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Perturbative scale profiles

= Scale choices for resummed and fixed-order parts:
2010: [1006.3080]

2018: [1808.07867] based on [1501.04111]
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Fixed-order tails

= The above predicts the (resummed) singular component ot the cross section.
One must then match to fixed-order QCD tor large 7:

0c(Ta)  Ocsing(Ta) _ ro(a) = 0(7a) / O‘S(Q)Tl(Ta) 4 (QS(Q))ZTQ(TG) SR
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New remainder functions

LANL Institutional Computing clusters

= Results for 3-loop fixed-order angularity distributions from EERAD3 (IR cutoff 1077, 1.5 x 10'Y events)
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Non-perturbative effects and gapped soft function

= Additionally, a treatment of non-perturbative effects is critical in e*e- -> hadrons

. . . P
= When dominant power corrections come from the soft function, NP effects can be Tk Surtie)
parameterized into a shape function fyoq:
o / o YN [0709.3519]
‘Gap’ parameter accounting for parton -> hadron transition &> ~1 eV

" The effect of f, 4 is to shift the first moment of the perturbative distribution:

202, 202,
O(1 — a) 1 —a

(2.} = (2,)pr - _ 0K, + jdk K fooa(®)

" This scaling and the universality of €, can be proven from QCD / SCET factorization:
C. Lee & G. Sterman [hep-ph/0611061]

Caltech, March 2019 = &




Non-perturbative effects and gapped soft function

= However, both the perturbative soft function and gap parameter suffer renormalon ambiguities.

S(k, 1) = / d' Spr(k — K, 1) faoa(K — 28,)

P> = woooon + woOmve +  wusOvnntOvre + ...

" O(Agcp) ambiguity in gap A,

= Subtract a series with the same/canceling ambiguity from both PT and NP pieces:

~

R, = Do) + 8a(12) - Sm) = [P0 fraoa(v)| [0 Spr (v, )|

Laplace space

renormalon free renormalon free
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Rgap SCheme

[0803.4214]
[0806.3852]

= Choosing the Rgap scheme to cancel the leading renormalon,

1 d
T DRVE
2R6 dln v

d
dln v

_O >

= Oa(pt; R
v=1/(ReE) (1, 1)

Re'YE

{ln ng(V, ,u)} {hl ng(V, ,u)}

S'\PT(Va :u) = ¢ 20a(1) ng(V, :u)

Gapped and renormalon free soft function S(k,u) = /dk/ Spr(k — k', 1) {6_25“(“’}2)% fmod (K — 204 (1, R))]

g) {6—25G(MS,R)%fmod(k — 9A, (s, R))}

L o(Ty) = /dk OpT (Ta —

g0

Final cross section is expanded order-
by-order in bracketed term

" Improves small 7, behavior and perturbative convergence:

v=1/(Re"E) ’

[1006.3080]
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[0803.4214]

Rga o SCh eme 0806.3852]

= Choosing the Rgap scheme to cancel the leading renormalon,

E d q — — 1 Y ’ J
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R-evolution 06010743

[0908.3189]

100
. Hs . | HH A
" \Want to keep R near IR scales, but also avoid large logs In ES in subtraction terms 0| —y
K
> 0
" but ug grows to be as large as Q: O 40, S g
0 Hs
. d d o ol |
» Sum logs by p and R evolution: M@Aa(u, R) = ,udlu%(u,R) = Ya s (1)) 00 01 02 03 04 05
14 p————————" e
d d 12t s
— AL (R, R) = ———=0,(R,R) = — J(R)]. |
= Au(R R) =~ 8a(R, R) = —los(R)] N
8t R
= Anomalous dimensions: 61
4f
H _ YET 2;'
Talas(pn)] = —Re™Tglas(p)] =
000 002 004 006  0.08
o0
- as(R)\"+l 0 1 €1F 1, T
,YR[OZS(R)] — Z( A ) TR YR=0, Y= 5 [75‘((1) - 263;,80] 0.
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Effective non-perturbative shifts

= Before considering gapped renormalons, the leading-order NP effect is a constant shitt:

do do 4 2 1 ot _
> B ¢, — 0 = —Tr (0| YL YIE (0)Y, Y5 |0
dTa (Ta) NP dTa (Ta CTa Q > 1 —a 1 7\7’0 I < | n—n T ( ) | >

Note: this is only valid in the tail region!

= Define an ‘effective shift’ of the distribution in the Ryap scheme:

f e fa 5 = 280 s ) = [ k| 3 A = 280 s, )| = T

= Shape function expanded order-by-order depending on logarithmic accuracy:

PO (k — 204 (115, R)) = funod(k — 224 (s, R)) .

£ (k — 2484 (us, R)) = O‘i‘;S) 25 (g, RYRE -1 (k — 2A4(us, R))
1O (k — 280(us, R)) = (O‘iij ) (2262 (s, RYREV® flyna (I — 20 (115, R)

+ 2004 (s, RYRE™)? fil o (k — 20 (ps, R)) |



Growing shifts in event shape tails

= Distributional shifts at NNLL accuracy (central profile scales):
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— "0=207 GeV ]

m Effectively, we shift the distribution to the right by larger amounts as we move from the 2-jet region out to the multi-jet tail.

s this reasonable? What might be the effect on extracting «,?
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Limiting the growth of the shift

" Can we tfind a way to cut off the growth of this shift? i.e. turn off R-evolution above some 7 = 7,,..:

YR — H(Rmax _ R)yR R = R(T)

d
need: ——0,(R,R) = ypla(R)IO(R ,x — R)

dR
_ R R -
recall: 0,(R,R) = Re’* % )56}(R, R) + <aS( ) )253(13, R) + ---
A A7 i
to the order we need, R = R R < Rppy em*
just change R to: o RmaX R > RmaX | /_,_
* Vv

however this can reintroduce large logs of u/R_ ., ...
Hs

6'(ug, R) = 2I'Y In -
525, R) = 2%, In? % +or! In % +yl+2clp,



Another scheme

|
//R* SCheme” 5§(R) — —R*eyE [ln SPT(I/’ U = R*)] v=1/(R*e"E) Bell et al. [this work]
2 dlnv |
we are not forced to set 4 = pgin the  Bachu, Hoang,
ateu, Pathak,
subtraction series, we can pick 4 = R gﬂtetvartizg12,12304]
Re’t | a (R adR)\ "
To the order we work: 0F(R) = (8) -0+ () ()/Sl + 2c éﬂo) + O(a?)
2 dr dr
o (R ad(R)\*
R-evolution: vy = e’ ) -0+ s (}/S1 + 2(:1,60) + @(af)
4r 4r 5
u-evolution: yalog(u)] =0

= Nothing special about this scheme, just a way to test the impact of changing the eftective shift in event shapes. ,



R vs R* profiles

" In our results, we let R* grow until we hit 7, = t,(a), where we finish transitioning from “shape
function” region to “resummation region” in profile functions:

R R* (Rmax soft
R(tl))

250 250 S 250 |
200 | 200 - 200 |
150 | 4 150 | 150 |
n / n n

: 7 2 : :

100 F Z 100 ¢ 100
50 |

= Different Rmax values are probed in tandem with variation of the t; profile parameter
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Flattened shifts in tails

| N3LL'+ O() R =co (R

gap)

}Rmax — R(tl)a Hsub = R (R¥)

|

N =N =N BN BN BN BN BN BN BN O Ew /= mIm Em N I BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B Em =

constant shift

Effective Shift Coff
-)
o0

Constant Shift (Eq.(1))

R2018

0.7 R2010 Ryp10
8o o1 o2 03 04 05

.
= This can be compared to studies of models of hadronization corrections to 3-jet events in the far tail region,

e.g. Luisoni et al. [2012.00622].

= Our method is a way to study variations of how we treat power corrections within a 2-jet factorization
framework



Scale variations

= Random scans over profile function parameters: 2010: [1006.3080
10: [1006.

2018: [1808.07867] based on [1501.04111]

100 2010 Profiles (64 Variations) 100 2018 Profiles (64 Variations) L
30 v | 0. @
> 60 _. > 60
40 |
20, = R
0/ IIIIIIIIIIIIIIIIIIIIIIIIII :

GPT(T) — Using(T; //tHa //tja /’tS) + Gns(T; /’tns)
6(7) = opp(T; i R) & fr0a(7, A(R))



Convergence in R vs R* schemes O =My, a=0

Reap sScheme:

04
? ? N3LL + O(a?) |
| o K08 s 0(( 5)) |

0.3 %
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0.2 NLL + O(a)
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Variation in d
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Comparison with data
and determination of o



Data sets

mFor thrust:

ALEPH-2004: 133. G
ALEPH-2004: 161. G
ALEPH-2004: 172. G
ALEPH-2004: 183. G
ALEPH-2004: 189. G
ALEPH-2004: 200. G
ALEPH-2004: 206. G
ALEPH-2004: 91.2 G

AMY-1990: 55.2 GeV

DELPHI-1999: 133.
DELPHI-1999: 161.
DELPHI-1999: 172.
DELPHI-1999: 89.5
DELPHI-1999: 93. G
DELPHI-2000: 91.2
DELPHI-2003: 183.
DELPHI-2003: 189.
DELPHI-2003: 192.
DELPHI-2003: 196.
DELPHI-2003: 200.
DELPHI-2003: 202.
DELPHI-2003: 205.
DELPHI-2003: 207.
DELPHI-2003: 45. G
DELPHI-2003: 66. G
DELPHI-2003: 76. G

JADE-1998: 35. GeV
JADE-1998: 44. GeV

L3-2004: 130.1 GeV
L3-2004: 136.1 GeV
L3-2004: 161.3 GeV

eV
eV
eV
eV
eV
eV
eV
eV

(3)
GeV
GeV
GeV
GeV
eV (
GeV
GeV
GeV

N 000 N~ N

N e e S S S S S SN

L3-2004: 172.3 GeV (12)
L3-2004: 182.8 GeV (12)
L3-2004: 188.6 GeV (12)
L3-2004: 194.4 GeV (12)
L3-2004: 200. GeV (11)
L3-2004: 206.2 GeV (12)
L3-2004: 41.4 GeV (5)
L3-2004: 55.3 GeV (6)
L3-2004: 65.4 GeV (7)
L3-2004: 75.7 GeV (7)
L3-2004: 82.3 GeV (8)
L3-2004: 85.1 GeV (8)
L3-2004: 91.2 GeV (10)
OPAL-1997: 161. GeV (7)
OPAL-2000: 172. GeV (8)
OPAL-2000: 183. GeV (8)
OPAL-2000: 189. GeV (8)
OPAL-2005: 133. GeV (6)
OPAL-2005: 177. GeV (8)
OPAL-2005: 197. GeV (8)
OPAL-2005: 91. GeV (5)
SLD-1995: 91.2 GeV (6)
TASS0-1998: 35. GeV (4)
TASS0-1998: 44. GeV (5)

—————— Summary -----—-
Totlal: 516

Q > 95 345

Q < 88 89

Q ~ MZ 82

sFor angularities:
JHEP 10 (2011) 143

Generalized event shape and energy flow studies in
ete™ annihilation at /s = 91.2-208.0 GeV

Also see PhD thesis
by P. Jindal, Panjab University

L3 Collaboration

= Data for a ={-1.0, -0.75. -0.5, -0.25, 0.0, 0.25, 0.5, 0.75} at 91.2 and 197 GeV

= Total number of bins = (bins per a) x (humber ofa) =25x7 =175 bins @ Q = 91.2 GeV
" eg.a=-1and 0.5, Q=912 GeV, compared to our NNLL' prediction:
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Ftfect on thrust fits

[NSLL'+0(a?)]
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Ffect on thrust fits

[N3LL’+@((152)]

Vary profiles:
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Vary renormalon schemes:

0.50 Dashed Lines: 68% C.L.
i Solid Lines: 95% C.L.
045"
040"
S 035
030 N3LL'+ O(a?)
; 6
025 T€l:0225)
0-6%10 0.112 0.114 0.116  0.118
: ‘ ‘ I ‘ ‘ I ‘as‘ ‘ I ‘ ‘ ‘ I ‘ ‘ :
0.50- Dashed Lines: 68% C.L. -
j Solid Lines: 95% C.L.
045"
040" )
_ j R2018
S 035
| N3LL'+ O(a?)
030"
f 6
: Te|[—,0.33]
025 0
06%0 0.112 0.114 0.116  0.118

Qg

33



Fit In a narrower 2-jet region NLL+0(a)]

N3LL'+ O(c?)

= Variability by scheme lessened in more 2-jet like region vs multi jet tail o Q=m

to Central R201()

" Try limiting fit window to, e.g, 7 < 0.225:

% Difference

= Not too much shift in the fit ellipses, but improved quality of fit:
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FIt In @ narrower 2-jet region

[NSLL'+0(a?)]

= Variability by scheme lessened in more 2-jet like region vs multi jet tail

" Try limiting fit window to, e.g, 7 < 0.225:

= Not too much shift in the fit ellipses, but improved quality of fit:
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Future outlook: angularities break degeneracies

" |n tail region, leading nonperturbative effect is a shift by ¢,€2,/Q

Varying slopes = = Angularities:

smaller overlap. . . o
) Agreement area Q) Leading nonperturbative shitt is
is still large, 2Q1
uncertain. : Changing ais like
Ol —a)
changing Q.
= We have preliminary fits based
on angularities, but with quite a
U s Xs small amount of data. More

Use different Q’s. would be welcome!
Or different event shapes.
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| ooking aheaa

= \Welcome more work to understand robust estimation of theoretical uncertainty due to renormalon schemes

= Encouraging signs pointing to the purely 2-jet-like region for titting, welcome more analysis / data from
future LC

= Better computation ot 3-loop fixed-order thrust distribution also welcome, extracting small contributions out
of large singular background challenging

"You (and wel) are not allowed to quote a value of o, or 2, coming from this talk!! [our results limited to
N3LL +0(a?)]

"We observe a shift in o, of up to a few percent when switching from standard Ry, to R* scheme or
between some perturbative scale choices.

s Shifted values are within uncertainties, but might alleviate tension with PDG value.

@ Similar conclusion, from different considerations, as G. Luisoni, P. Monni, G. Salam [2012.00622]
who tried varying size of nonperturbative shift in C-parameter distribution as function of C
(smaller shifts for large C =larger values of a, by a few percent)

m Dedicated new analyses or measurements of data in the true two-jet region may yield the best results for

fits from two-jet event shapes, complementing more rigorous understanding of nonperturbative effects on

3-jet tail to reduce uncertainties that may be induced by variations in that region
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Backups
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