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Event shapes in e e~ — hadrons provides a perfect set-up to measure the strong coupling a..
The existence of hadronization corrections stand in the way!

Event shapes are known to exhibit linear power corrections, in the form Aqcp/Q.

At Q = m,, the linear power corrections to event shapes can easily compete with NLO perturbative predictions.
The state-of-the-art NNLO PT predictions have limited scope without understanding power corrections.

Fits of , can not be pushed to higher accuracy without better understanding of power corrections.
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Power corrections using MC generators A. Verbytskyi et. al., 19°

o, from energy-energy correlations and jet rates In
ete” collisions

We present a comparison of the computation of energy-energy correlations and Durham algo-
rithm jet rates in e e~ collisions at next-to-next-to-leading logarithmic accuracy matched with the
O (0653’) perturbative prediction to LEP, PEP, PETRA, SLC, and TRISTAN data. With these predic-
tions we perform extractions of the strong coupling constant taking into account non-perturbative

effects modelled with modern Monte Carlo event generators that simulate NLO QCD corrections.
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Power corrections using MC generators A. Verbytskyi et. al., 19

o, from energy-energy correlations and jet rates In
ete” collisions

We present a comparison of the computation of energy-energy correlations and Durham algo-
rithm jet rates in e e~ collisions at next-to-next-to-leading logarithmic accuracy matched with the
O (0653’) perturbative prediction to LEP, PEP, PETRA, SLC, and TRISTAN data. With these predic-
tions we perform extractions of the strong coupling constant taking into account non-perturbative

effects modelled with modern Monte Carlo event generators that simulate NLO QCD corrections.

0 (m,) = 0.11750£0.00018 (exp.) £ 0.00102 (hadr.) £ 0.00257 (ren.) +0.00078 (res.)
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o0 Renormalons and power corrections

o The dispersive approach

O Introduction to ARES

O Qur general framework
o0 Recovering previous results
O Set-up for a generic formulation — B
O New results — T},

o Fitting a, & a;

O Qutlook
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E.g. M. Beneke., 99’

PT series in quantum field theory are factorially divergent.
Including more terms beyond the minimal term does not enhance the prediction.
Borel summation can be used to give meaning to the factorially divergent series.

Example:

n. — d

n=0 n=0

The Borel sum 1s then defined as:

o0

R(a) = J dt e~ "*B[R](¢)
0
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E.g. M. Beneke., 99’

Poles on the +ve real axis — Borel sum does not exist.
This takes place when the factorial series 1s non-sign-alternating — Renormalons.
Borel sum does not exist — Renormalon ambiguity.

Ambiguity 1s exponentially suppressed:

In QCD:
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Y. Dokshitzer et. al., 96’

The dispersive model core assumption 1s to introduce an effective coupling which 1s finite in the deep IR.
a.¢ extends the running PT coupling «a, in the deep IR.

The non-analytic moments of the effective coupling play the role of NP parameters to be fitted from data.

Basic formula;:

du* .
F(Q%v) = J% (1) F(0% v, 1)

Nason & Seymour, 95’
Y. Dokshitzer et. al., 98’
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A. Banfi et. al., 04’
A. Banfi et. al., 14’
A. Banfiet. al., 18’

ARES 1s a direct semi-numerical approach to perform resummation.

At NLL, all emissions are soft, collinear and emitted independently.

ARES generates soft & collinear emissions with a MC procedure.

At NNLL, ARES generates one special emission 1n regions of phase space of sub-leading logarithmic accuracy.

The treatment of power corrections in ARES will follow the same philosophy.
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o The set-up 1s based on three basic assumptions:

1. Leading NP corrections are due to the emission of an ultra-soft gluon (gluer) with transverse momentum < v/

2. The ultra-soft gluon 1s emitted uniformly 1n rapidity and azimuth in the emitting dipole frame, similar to
perturbative soft gluons.

3. The emission strength 1s dictated by an IR finite coupling.
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Formulation

o  We consider a recursive IRC safe observable 1n the two-jet limut:

Agep/O K vkl

o In this regime, the cumulative distribution can be computed as follows:

2(v) = 2Zpp(V) + 02np(V)
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Formulation

o  We consider a recursive IRC safe observable 1n the two-jet limut:

Agep/O K vkl

o In this regime, the cumulative distribution can be computed as follows:

2(v) = 2pp(V) + 02np(V)
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Formulation

o  We consider a recursive IRC safe observable 1n the two-jet limut:

Agep/O K vkl

o In this regime, the cumulative distribution can be computed as follows:

2(v) = 2pp(V) + 025p(V)

Zpr(v) = JdZ[{ki}] ®(V — V({p}, {ki}))

SZnp(V) = J[dk] /%%qp(k)JdZ[{ki}] [@(v - V{p}. k. {k})) — O (v — V({p}, {lq}))]
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Formulation

o  We consider a recursive IRC safe observable 1n the two-jet limut:

Agep/O K vkl

o In this regime, the cumulative distribution can be computed as follows:

2(v) = 2pp(V) + 025p(V)

Zpr(v) = JdZ[{ki}] ®(V — V({p}, {ki}))

OZnp(v) = J[dk] /%%ng)JdZ[{ki}] O(v = V()& (kD) = O(v = V(B (kD)

9

Assumption 1
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NP correction as a shift

O The gluer’s contribution to the observable 1s much smaller than v

5Znp(v) = — (Vnp) | dZI{k}16(v = V({p), {(k]))
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NP correction as a shift

O The gluer’s contribution to the observable 1s much smaller than v

dv

5ZNp(V) = — (8Vip) | dZI{K;}16(v = V{p), (K})) +
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NP correction as a shift

O The gluer’s contribution to the observable 1s much smaller than v

dv

6Znp(v) = — (6Vyp) | dZI{k;} ] 5(‘/ — V({p}, {ki})) «

O In this regime the NP correction appears as a shift!

d2py
2(v) = Zpp(v) — (6Vyp) P 2pr(v = (6Vxp))
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NP correction as a shift

O The gluer’s contribution to the observable 1s much smaller than v

dv

6Znp(v) = — (6Vyp) | dZI{k;} ] 5(" — V({p}, {ki})) «

O In this regime the NP correction appears as a shift!

d2py
2(v) = Zpp(v) — (6Vyp) P 2pr(v = (6Vyp))

O The shift parameter 1s an average over all perturbative configurations, viz.

[ [dik)Xp(k) [ dZ]{k;}1 6Vip({B Y. ks (ki3 8(v — V{PY, {K:D))
[dzZ[{k}18(v — V{p}, {k}))

(6Vnp) =
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The gluer’s kinematics

o0 The emission strength of the gluer

dk dg
dk] M (k) = )" —MZp() din® —
|dK] Np() g NP(K) H 7
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The gluer’s kinematics

o0 The emission strength of the gluer

[dk] M (k) = ) %MKIP(K) an @22

27
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Assumption 2
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The gluer’s kinematics

o0 The emission strength of the gluer

(k] M) = Y %M§P<K> an© 22

p 21
Assumption 3
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The gluer’s kinematics

o0 The emission strength of the gluer:

[dk] M (k) = ) %Mgn,(@ an @ 22

27

4

o The transverse momentum « and rapidity 7 are measured w.r.t the gg dipole

) 2 (ﬁlk) (ﬁZk)
(P1P2)

K

o0 The recoil of the final-state momenta 1s very important!
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The gluer’s kinematics
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The gluer’s kinematics

o Sudakov decomposition along the thrust axis:

k=zYp, +z%p, + k,

|

P1 # D

o The collinear singularity is encoded in x‘!’ which coincides with the dipole x in the collinear limit

O The relation between transverse momenta

KW~ k,— Z(l)ﬁt,l ?t,l - Z ki
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The gluer’s kinematics

o Sudakov decomposition along the thrust axis:

k=zYp, +z%p, + k,

|

P1 # D

o The collinear singularity is encoded in x‘!’ which coincides with the dipole x in the collinear limit

O The relation between transverse momenta

K():kt_z()pt,l pt,lz_zkti

l

~

Non-uniform scaling
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Observables

O We are interested 1n observables which are linear in x

sVap((), k. (k:}) = ghv(n“% .15}, (k})

B8 ¢y
32

University



Observables

O We are interested 1n observables which are linear in x

sVap((). k. (K:}) = ghv<n<f>, .15}, (k})

|

(6Vxp) = <K2NP (hy) (K)np = | dK Ml%p(K)
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Observables

O We are interested 1n observables which are linear in x

sVap((). k. (K:}) = ghv<n<f>, .15}, (k})

|

(6Vxp) = <K2NP (hy) (K)np = | dK Ml%p(K)

|

S, [dn O3k [AZ (R, k) . 4, (). (k) 6(1 -
Vi lk;} )

v

Vsc{ki} )

1%

<hv> —

[dZ (R, ki15(1 -
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Simple examples

o For observables which are recoil-insensitive we can find a simple relation

', $, (P}, (ki) = hy(n', )
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Simple examples Yu Dokshitzer & B. Webber; 95

o For observables which are recoil-insensitive we can find a simple relation

', $, (P}, (ki) = hy(n', )

o Two prominent examples

Thrust e 2 2
’ 3
C-parameter cosh 7®) T
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Somewhat simple

o The heavy-jet mass features the simplest example of the interplay between PT and NP dynamics

(D 2)

th(ﬂ(l)a ¢a {ﬁ}akla 9kn) — ®(/01 _:02)6_’7 ’ th(r](z)a ¢9 {ﬁ}akla 9kn) — ®(,02 _/01)6_’7
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Somewhat simple

o The heavy-jet mass features the simplest example of the interplay between PT and NP dynamics

2)

h, @D, ¢, (B} Ky, ... k) =O(p; —p) e, h, 1P, {p).ky, ... k) = Op, — p) e

o The gluer only contributes to the observable when it 1s emitted in the heavier hemisphere.

o The heavier hemisphere 1s controlled by PT emissions.

(h, ) =1
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Somewhat simple

o The heavy-jet mass features the simplest example of the interplay between PT and NP dynamics

2)

h, @D, ¢, (B} Ky, ... k) =O(p; —p) e, h, 1P, {p).ky, ... k) = Op, — p) e

o The gluer only contributes to the observable when it 1s emitted in the heavier hemisphere.

o The heavier hemisphere 1s controlled by PT emissions.

)
(h, ) =1
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Wlde broadening Yu Dokshitzer et. al., 98’

O The wide broadening By, 1s a recoil sensitive observable.

o0 The gluer contributes to the hemisphere’s broadening as follows:

—

25B,({p}, k (k1O = k + |m 7,

— Prr

B8 {1
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Wide broadening

O The wide broadening By, 1s a recoil sensitive observable.

o0 The gluer contributes to the hemisphere’s broadening as follows:

—

25B,({p}, k (k1O = k + |m 7,

— Prr

Recoll due to PT emissions
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Wide broadening

O The wide broadening By, 1s a recoil sensitive observable.

o0 The gluer contributes to the hemisphere’s broadening as follows:

—

28B,((p). k. (kDO = k + |m— K| -p.s

Recoll due to PT emissions

O FEssential physics: the NP function /4, must be expressed in terms of the gluer’s phase space variables, k & n(f )

1

2
hBW(’/](l)a ¢9 {ﬁ}akla 9kn) — 5 \/1 + 2e’l E,COS¢ + 62}7(1) <j> — € ®(Bl o BZ)
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Wide broadening: computation

o All ingredients are present to compute (/5 )

1 1
(1g,,) = 2 (ln BT ”éB)) + xw(R)

W
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Wide broadening: computation

o All ingredients are present to compute (/5 )

1 1
(hg ) = > < 0o "I(B)) + w(R)

W

R ©dg (> dg; | .
aw(R)) = R’f’fiW(R’) R 2R 2% R,;iL ?CL z—i _JHCF 5<2>< + ) C)n—@( Y G- ) ;.—xz) <1— » C—x1>

n=0 " =1 ¢£=1.2 £ i€ , IEX i€, IEH

44



Wide broadening: computation

o All ingredients are present to compute (/5 )

1 1
(hg ) = > < 0o "I(B)) + w(R)

W

R ©dg (> dg; | ~
aw(R)) = R’f’fiW(R’) R 2R 2% R,;iL ?CL z—i _JHCF 5<2>< + ) C)n—@( Y G- ) ;.—xz) <1— » C—x1>

n=0 " =1 ¢£=1.2 £ i€ , IEX i€, IEH

45



Wide broadening: computation

o All ingredients are present to compute (/5 )

1 1
(hg ) = > ( 0o "I(B)) + w(R)

W

R ©dg (> dg; | .
aw(R)) = R’f’/TiW(R’) R 2R Z% R,;iL ?CL 2—4:; _JHdZ 5<2>< + ) C)n—@( Y Gtx - ) g,.—x2> <1— » C—x1>

n=0 " =1 ¢£=1.2 £ iEH , iEH iEH IEH

46



Wide broadening: computation

o All ingredients are present to compute (/5 )

1 1
(hg ) = > < 0o "I(B)) + w(R)

W

R ©dg (> dg; | .
aw(R)) = R’f’fiW(R’) R 2R 2% R,;iL ?CL z—i _JHCF 5<2>< + ) 5)11—@( Y G- ) ;.—xz) <1— » C—x1>

n=0 " =1 ¢£=1.2 £ i€ , IEX i€, IEH
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Wide broadening: computation

o All ingredients are present to compute (/5 )

n

= 1
R =
xwR) = R OVB (R) ’E) | L

o Four transforms are needed!

£i=1,2

W

1 1
hg Y == In— + ¥
( BW> 2< B Mo

5[

deg,
27

[[17(

48

) + xw(R")

Y7

16%5

)

1
In—0©®
X1

(

Z Ci+x) —

IEX |

ZCi_XZ

IEX

M

1—ZC—X1

IEX |

)
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Wide broadening: computation

o All ingredients are present to compute (/5 )

1 1

W

00 n 00 2r
Jw(R') = e O”B (R) Z 1' R/ J L C;i JHdZ—*Lﬂé@)( + Z 4 )IHT1®< Z G+ x — Z C; —x2> (1 — Z G; —x1>

n=0 i=1 =12 IEX , IEX | IEX IEX |

o Four transforms are needed!

(hyg ) Ll gy ® 24 (X Y145 +
= — n— — - - -
By = 5 By Mo X > P > 4 > VE

=0 MONASH
University
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Wide broadening: MC evaluation

o (hBW) can also be computed from a MC numerical procedure

—— Analytic Results

¢ Numerical Results

----- ~(1® - InBy,)

0.20

TR I NN SRR TR SR AN N SR M B
0.25 0.30 "
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Total broadening

o The gluer contributes to the observable regardless of the PT configuration

O FEssential physics: the NP function /4, must be expressed in terms of the gluer’s phase space variables, k & ;7(/ )

. P Prr ’ DPrr
hBT(}/](f)a ¢9 {ﬁ}’ kla ceey kn) — 5 \/1 + 2677({)5 COS §b + 82’7({) (é) _— eﬂ(f)é

o The shift (/5 ) receives contributions from the two hemispheres.
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Total broadening: computation

o All ingredients are present to compute (A5 )

(hp) =In

O© Only two transforms are needed!

N BTSC({p} tki}) = 1

i€, ¢ |x’f|

4 MONASH
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Total broadening: computation

o All ingredients are present to compute (A5 )

1
(hg ) = In B, | n(gB) + (R’

o Two transtforms are needed!

1

R’ R’ |
<)(B>:1n_+77(§B)_2+)( — |5 | tvU+R)+ye+—;
! B 2 2 R’

O Distinct behaviour in the limit R — O or B — 1

B8 ¢y
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Total broadening: MC evaluation

o (hBT) can also be computed from a MC numerical procedure

—— Analytic Results

¢ Numerical Results

0.1 0.2 0.3 0.4
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Dissecting the 1/R’ behaviour

o This divergence 1s artificial.
O It causes a limited fit range for a, and the NP parameter.

o The reason 1s simple: the gluer contributes to the broadening of an ‘empty’ hemisphere.

| 1 | Tsc({p} (k}) - 1
1) = ®) JdZ[{Rff’k"”é(l >[Hd2 ”5(2( Tt 2 C) Z;‘

e, |Xf|
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@ @ University

55



Treating the 1/R’ behaviour

o This divergence 1s inevitable within our approximation.
O It causes a limited fit range for a, and the NP parameter.

o The reason 1s simple: the gluer contributes to the broadening of an ‘empty’ hemisphere.

N 1 , BTsc({p} {k}) —> 2) 1
1R = ek sz[{Rf,k,-}w(l )JHd 60 T+ Y T ;

e, |xf|

O When R’ — 0, we can not ignore higher derivatives of the radiator Yu Dokshitzer et. al., 98’

dZ[(R,.k}] = ef Z HZ . i @(5—6) @
n=0 =1 ¢

University
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O We present a subtraction procedure whereby a local counter-term is constructed to capture the 1/R’ behaviour.
o Like any generic subtraction procedure, we need:

o0 The CT must be stmple enough to be computed analytically.

O It should capture the 1/R’ behaviour of the shift, in such a way as to make a MC evaluation possible.

o Daifferent CT’s are indeed possible to construct.

University
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The counter-term

o Let us dissect more closely the function {y;) in the limit R" — 0
O  One hemisphere will contain a single emission, k;, which sets the total broadening of the event.
O The ‘empty’ hemisphere will contain PT emissions with k, ~ 6B;Q, with 6 <« 1

o Inspect our understanding:

ZT(R’)z%JjOde (hme i / li[L i[zﬂd¢)5(2)<xz+z C) :

e—0 =0 e e, | X2|
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The counter-term

o Let us dissect more closely the function {y;) in the limit R" — 0
O  One hemisphere will contain a single emission, k;, which sets the total broadening of the event.
O The ‘empty’ hemisphere will contain PT emissions with k, ~ 6B;Q, with 6 <« 1

o Inspect our understanding:

ZT(R’)z%JjOde (lune i / li[L i“2ﬂd¢)5(2)<x2+2 Z:) :

e—0 =0 e e, | X2|
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The counter-term

o Let us dissect more closely the function {y;) in the limit R" — 0
O  One hemisphere will contain a single emission, k;, which sets the total broadening of the event.
O The ‘empty’ hemisphere will contain PT emissions with k, ~ 6B;Q, with 6 <« 1

o Inspect our understanding:

N\ ~ —_— 2 1 R2 _l _l (2) _—
Jr(R) ~ 2[_ d” x4 (hme E "y " ; J 5 o X5+ E ;) In— _R’+@(1)

0 !
“ n=0 =2
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The counter-term

o We pick the emission with the maximum transverse momentum and employs it to set the observable.

o The opposite hemisphere contains PT emissions and its broadening is constrained to be less than the hemisphere which
contains the max k, emission.

1 max;{k,.} \ 1 0, — 1 1
c.t\ _ 22— _ / _ L ) 77 - -
(hBT Y = R’PFBT(R’) [d JZ t,f{dZ[{Rfi, k)] 5(1 5,0 > 5 In ) (p 7t E k t,i) ®< IIl;ElX{kn-} 219;,{ 5 E km-)

pt’g iE%; iE%;
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The counter-term

o We pick the emission with the maximum transverse momentum and employs it to set the observable.

o The opposite hemisphere contains PT emissions and its broadening is constrained to be less than the hemisphere which
contains the max k, emission.

1 max;{k,.} \ 1 0, — | 1
c.t\ _ 22— _ / _ LA )l 777 - .
(hBT Y = R’PFBT(R’) [d JZ t,f[dZ[{Rfi, k)] 5(1 5,0 > 5 In ) (p 2T E k t,i) ®< IIl;ElX{kn-} 219;,/ g E km-)

pt’g iE%; iE%;
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The counter-term

o We pick the emission with the maximum transverse momentum and employs it to set the observable.

o The opposite hemisphere contains PT emissions and its broadening 1s constrained to be less than the hemisphere which
contains the max k, emission.

(h5t) =

1 max;{k.} \ 1 0, — 1 1
d>p . | dZFIR, kV16[ 1 = L In—6P| 7., + k.. |®| max{k}——p > — — k. .
R'%T(R’)[ ik J Rz il < BQ >2 (p PN ax(ki) ~ 3Pz =5 2k

pt’g iE%g iE%;

o With the usual rescaling, we obtain:

1 1
(hp,) — (hgt) = [1 ~ EfT<R'>] In ==+ 1" + 11 (R) = 27 (R)
T

B8 (|
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The counter-term

o We pick the emission with the maximum transverse momentum and employs it to set the observable.

o The opposite hemisphere contains PT emissions and its broadening 1s constrained to be less than the hemisphere which
contains the max k, emission.

(h5t) =

1 max.{k.} \ 1 0, — 1 1
2— / o l I (2) —> o -
R’?FBT(R’) [d JZ t,f{dZ[{R , ki}] 5(1 5,0 > 5 In o (p 7t E k t,i) ®< IIl;ElX{kn-} 217;,/ 5 E km-)

pt’g iE%; iE%;

o With the usual rescaling, we obtain:

1 1
(hp,) — (hgt) = [1 ~ EfT<R'>] In ==+ 1" +71(R) = 27 (R)
T
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MC evaluation

O By construction the difference is finite in the limit R" — 0

1 1
(hy,)y — (hg") = [1 ) fT(R’)] In a + 0 + 47 (R) — 75 (R')

xr-x5"

— Analytic Results

e Numerical Results
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Improved counter-term

o Computing the CT analytically 1s now possible.
o Essential physics:
o Include R” & R™ in the integration measure.

O Include a single hard-collinear emission in the PT ensemble.

1 1 -
hc°t° . — RNIn | c.t.imp R/,R//,R(B)
< By /1mp. 2fT( ) BT )(T ( )

o From the point of view of PT resummation, we include effects beyond NNLL.
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Improved counter-term

o The final expression is a bit unwieldy!

N

1 pr p3) 1 / _ R’ R’ 1 1 R’ 1 prr pPQA) _
rRORSRT) = S f[i(R) | =2=p| = | +w| L+— | +rp+—% —oF | L2+ —;—1 +HT<R,R,R )>
2 2 2 s(&) | 14& 2
- 2 2 J -
Wrs 2 R® \r & R’ : 3Ca : R’
H (R’,R”,R(3)> = ———¢" Erfc(s) + — e’ Erfc(s) + —In2 + <1+— ( wse’ Erfc(s) — 1> S— S( rse’ Erfc(s) — 1) , §=—
7 = () + R 8 a5 () + | 7e w1+ ) | (V= (s) — (V7 (s) =
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67



Improved counter-term

o The final expression is a bit unwieldy!

N

1 pr p3) 1 / _ R’ R’ 1 1 R’ 1 prr pPQA) _
rRORSRT) = S f[i(R) | =2=p| = | +w| L+— | +rp+—% —oF | L2+ —;—1 +HT<R,R,R )>
2 2 2 s(&) | 14& 2
- 2 2 J -
Wrs 2 R® \r & R’ : 3Ca : R’
H (R’,R”,R(3)> = ———¢" Erfc(s) + — e’ Erfc(s) + —In2 + <1+— ( wse’ Erfc(s) — 1> S— S( rse’ Erfc(s) — 1) , §=——
7 = () + R 8 a5 () + | 7e w1+ ) | (V= (s) — (V7 (s) =
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o The final expression is a bit unwieldy!
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The small R’ behaviour

o We are now ready to write down our final expression:
(p,) = (hg,) — (hg) + ChgDimp.

O The small-R’" expansion 1s equivalent to s < 1

11 1| =z 3 21f,
=—In—+7n¥ + +— - + O0(/a

4§ MONASH
University
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The small R’ behaviour

o We are now ready to write down our final expression:
(p,) = (hg,) — (hg) + ChgDimp.

O The small-R’" expansion 1s equivalent to s < 1

1 1 1| = 3 2%,30_
=—In—+1n®+ +— - +0(/a
Ba,) =3 B, 0 T2 2/Cra, 4 3Cp e

o Terms of O(,/a,) are beyond our accuracy.
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The large R’ behaviour

o We are now ready to write down our final expression:
(p,) = (hg,) — (hg) + ChgDimp.

O The small-R’" expansion 1s equivalent to s > 1

1
(bp,) =In B T ’7(§B) + r(R) + O(ay)
T

O The counter-term and its improved version cancel almost 1dentically leaving out a residual O(a,) piece.
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New result: /;,

o With our formulation, we can perform the analysis for any complicated observable, e.g. thrust-major

o Reminder:

2

Iy, = max;; 5

Q

o In the presence of the gluer, the leading change 1n the observable:

5TM({ﬁ}aka {kl})Q ~ K

sin@ + e’

/3

(£) |py,f |
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New result: /;,

o With our formulation, we can perform the analysis for any complicated observable, e.g. thrust-major

4 2 ¢ et
hyy =2 (m—mz—z) b B = (b)) = (hy )= (BEY) + (RS

T Ty,

15

10l e <hr, > Numerical Results

o . e <bhr,,> Numerical Results
\ -
of ’::‘ oo o © °
E LIPS
®
® P ~ o . .
®
| | | L | | | TM
0.1 0.2 0.3 0.4 0.5 0.6 0.7
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Phenomenology

o ALEPH data:

Event Shape

1—-T C OH Bw Bt T
91.2GeV | 0.03-0.20 | 0.10-0.50 | 0.02-0.21 | 0.03-0.15 | 0.06 - 0.22 | 0.08 - 0.40
133GeV | 0.02 -0.20 | 0.08 - 0.50 | 0.02 -0.25 | 0.03-0.20 | 0.05-0.30 | 0.08 - 0.40
161 GeV | 0.02 - 0.20 | 0.08 - 0.50 | 0.02 -0.25 | 0.03-0.20 | 0.05-0.30 | 0.08 - 0.40
172GeV | 0.02 -0.20 | 0.08 - 0.50 | 0.02 -0.25 | 0.03-0.20 | 0.05-0.30 | 0.08 - 0.40
183GeV | 0.02 -0.20 | 0.08 - 0.50 | 0.02 -0.20 | 0.03-0.20 | 0.05-0.25 | 0.08 - 0.40
189 GeV | 0.02 - 0.16 | 0.08 - 0.50 | 0.02 -0.16 | 0.03-0.20 | 0.05 - 0.20 | 0.08 - 0.40
200GeV | 0.02-0.16 | 0.08 - 0.50 | 0.02-0.16 | 0.03 - 0.20 | 0.05-0.20 | 0.08 - 0.40
206 GeV | 0.02-0.16 | 0.08 - 0.50 | 0.02-0.16 | 0.03 - 0.20 | 0.05 - 0.20 | 0.08 - 0.40

/6

University

MONASH



Phenomenology

0 NLL+NLO+1/Q — simultaneous fits of (a(m,), o)

Event Shape ag(myz) ap(2 GeV) x?/d.o.f
1 —T | 0.1156 = 0.0009 | 0.5020 =+ 0.0102 | 54.9/(56 — 2)
C 0.1110 % 0.0006 | 0.5018 + 0.0081 | 56.0/(69 — 2)
oH 0.0839 & 0.0006 | 0.8424 + 0.0203 | 137.7/(61 — 2)
Bw 0.1010 +0.0018 | 0.7138 +0.0197 | 52.1/(61 — 2)
Br 0.1120 % 0.0009 | 0.6624 + 0.0087 | 77.4/(72 — 2)
T 0.1031 + 0.0011 | 0.5973 + 0.0157 | 45.6/(51 — 2)

4C K,
T Hr  4apy
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Phenomenology

1/Q — simultaneous fits of (a,(m,), ay)

ay(2GeV)

0.9r

0.8 -
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S
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0.08
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This work embodies our first attempt to improve the phenomenology of event shapes at LEP.

We have obtained (a,(m,), a,) fits using the new result for thrust major, which lie in the ballpark of other variables.
Direction 1: extend our method to cover the central three-jet region. F Caola et. al., 22°, Nason & Zanderighi, 23’

Direction 2: explore other counter-terms, and quantify their impact on the performed fits.

Direction 3: apply our method to jet rates which play a paramount role 1n a,; determinations.
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THANK YOU, CERN
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Back-up

© NLL

NLO

1/Q — simultaneous fits of (a,(m,), ay)

ALEPH Q=912 G

NLO+NLL ag = 0.1
NLO+NLL o = 0.08
NLO+NLL+1

0.1

0.15 0.2
PH

81

0.25

AL
%‘w—""

MONASH
University



Back-up

© NLL

NLO

1/Q — simultaneous fits of (a,(m,), ay)

ALEPH Q=
NLO+NLL o

NLO+NLL og
NLO+
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Back-up

0 NLL+NLO+1/Q — simultaneous fits of (a(m,), o)

ALEPH Q=91.2
10 NLO+NLL ag = 0.
NLO+NLL o = 0.1
NLO+NLL+
=
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o0 Modelling of hadronization corrections 1s usually performed using MC event generators
o Compute the observable at both parton and hadron levels, and take the ratio.
o0 One then apply this as a correction to the perturbative prediction.
o0 The hadronization uncertainty 1s estimated by changing the MC generator.

o If the perturbative prediction 1s NNLL accurate, hadronization uncertainty 1s twice as big as perturbative uncertainty.
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