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® improved experimental precision at colliders
® in order to detect potential deviations from SM, require precise theory predictions
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precision at colliders

improved experimental precision at colliders

in order to detect potential deviations from SM, require precise theory predictions

determination of SM parameters: top mass m;, strong coupling as etc.

master equation for hadron colliders:

do = Z / dxidxo fi/p(x1) fj/p(x2) d6j(x1 P1, x2 P2)
iJ

® fi/p: parton distribution function (PDF)
® d&j: partonic cross-section
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cross-sections: QCD corrections

do = Z/dxldxz ,/p )f}/p(Xz) da‘,'j(lel,XQP2) (2)

® partonic cross-section can be represented by Feynman diagrams
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cross-sections: QCD corrections

do = Z/dxldxz ,/p )f}/p(Xz) da‘,'j(lel,X2P2) (2)

® partonic cross-section can be represented by Feynman diagrams

® for precision studies, require higher-order perturbative QCD corrections
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cross-sections: QCD corrections

do = Z/dxldxz ,/p )f}/p(Xz) da‘,'j(lel,X2P2) (2)

® partonic cross-section can be represented by Feynman diagrams

® for precision studies, require higher-order perturbative QCD corrections

do =dolo + ( > donLo + (074:) donnLo + (%)3 dUN3LO + ...
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cross-sections: QCD corrections

do = Z/dxldxz ,/p )f}/P(XQ) da‘ij(lel,X2P2)

® partonic cross-section can be represented by Feynman diagrams

® for precision studies, require higher-order perturbative QCD corrections

do=doo+ < ) donLo + ( 7:) donnLo + (%)3 dO'NaLO +...

/
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cross-sections: QCD corrections

do = Z/dxldxz fisp(x1) fj/p(x2) dGij(x1 P1, x2P2)
i

® partonic cross-section can be represented by Feynman diagrams
® for precision studies, require higher-order perturbative QCD corrections
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[Duhr, Dulat, Mistlberger; JHEP 11 (2020) 143]
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Drell-Yan N3LO ~ 1% correction

GDR QCD 2024
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cross-sections: QCD corrections

do = Z/dxldxz ,/p )f}/P(XQ) da‘ij(lel,X2P2)

® partonic cross-section can be represented by Feynman diagrams

® for precision studies, require higher-order perturbative QCD corrections

do =doo + ( > donLo + ( 7:) donnLo + (%)3 dUN3LO +...
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cross-sections: QCD corrections

do = Z / dxidx fip(x1) fjp(x2) dij(x1 P1, X2 P2)

® partonic cross-section can be represented by Feynman diagrams

® for precision studies, require higher-order perturbative QCD corrections

do =doo + ( > donLo + ( 7:) donnLo + (%)3 dUN3LO +...

10% 1% 0.1%
Aqcop :
+ ( % dolP 4+ .. with Aqcp ~ 300 MeV,
Q ~ 30 — 100 GeV
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cross-sections: QCD corrections

do = Z / dxidx fip(x1) fjp(x2) dij(x1 P1, X2 P2)

® partonic cross-section can be represented by Feynman diagrams

® for precision studies, require higher-order perturbative QCD corrections

3
do =doio + ( > donLo + (O:) donnLo + (%) dops o+

10% 1% 0.1%
Nacp .
+ < % dofP + with Aqep ~ 300 MeV,
Q ~ 30 — 100 GeV
0.1%—1%
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cross-sections: QCD corrections

do = Z / dxidx fip(x1) fjp(x2) dij(x1 P1, X2 P2)

® partonic cross-section can be represented by Feynman diagrams

® for precision studies, require higher-order perturbative QCD corrections

3
do =doio + ( > donLo + (is) donnLo + (%) dops o+

10% 1% 0.1%
A
+ < %CD) dofP + with Aqcp ~ 300 MeV,
Q ~ 30 — 100 GeV
0.1%—1%

— non-perturbative corrections may become relevant!
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linear power corrections: renormalon calculus

® power corrections can be computed by considering perturbative corrections with massive
gluon of mass A

o <
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® power corrections can be computed by considering perturbative corrections with massive
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o direct relation between \P — /\'C’QCD
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linear power corrections: renormalon calculus

® power corrections can be computed by considering perturbative corrections with massive
gluon of mass A

o <

o direct relation between \P — /\'C’QCD

e for phenomenological applications only linear terms A/Q are relevant, higher orders in A
are surpressed by O(A6CD/Q2)
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non-perturbative physics

In order to compute linear power corrections with renormalon calculus,
® compute NLO corrections with a massive gluon of mass A

® can be applied only to processes with no gluons in the Born process

Recent progresses with renormalon calculus,

® |inear power corrections to event shape variables — can be used for a extraction
[F. Caola, S. Ferrario Ravasio, G. Limatola, K. Melnikov, P. Nason, M.A. Ozcelik, JHEP 12 (2022) 062]

® |inear power corrections to top quark processes at the LHC — may be used for m; extract.
[S. Makarov, K. Melnikov, P. Nason, M.A. Ozcelik, JHEP 05 (2023) 153 & JHEP 01 (2024) 074]
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Top mass determination

® most precise top mass measurements at
LHC come from "direct measurements”

— kinematic reconstruction of measured
top quark decay products

® currently, typical error quoted to be
around Am; ~ 500 MeV

— future (HL-LHC), envisaged uncertainty
Am; ~ 200 MeV

® direct measurements — measured top
quark mass is the value of the top mass
parameter in the Monte Carlo generator

ATLAS+CMS Preliminary Migp SUMMAry, fs=7-13Tev Oct 2022
LHCIOpWG

World comb. (Mar 2014) [2]

stat total stat

total uncertainty My  total (stat + syst) 5 Ret
LHC comb. (Sep 2013) LHClopWG 173.29 + 0.95 (0.35 +0.88) 7Tev [1)
World comb. (Mar 2014) 173.34 £ 0.76 (0.36 + 0.67) 1.967 TeV (2]
ATLAS, I+jets. 172.33 £1.27(0.75 +1.02) 7TeV (3]
ATLAS, dilepton 173.79 +1.41(0.54 +1.30) 7Tev (3]
ATLAS, all jets 1750418 (14 £1.2) 7Tev [4]
ATLAS, single top 1722421 (07 +20) 8 Tev [5]
ATLAS, dilepton 17299 +0.85 (0.41 £074) 8 TeV [6]
ATLAS, all jets 17372 £1.15(0.55 £ 1.01) 8TeV (7]
ATLAS, I+jets 172.08 +0.91(0.39 +0.82) 8Tev (8]
ATLAS comb. (Oct 2018) 172.69 + 0.48 (0.25 +0.41) 748TeV (8]

174.41+0.81(0.39 £ 066 +0.25) 13 TeV (9]
172,63 $0.79(0.20 £ 0.67 £0.37) 13 Tev [10]

ATLAS, leptonic invariant mass
ATLAS, dilepton ()

CMS, I+jets 173.49 +1.06 (043 +0.97) 7 Tev [11)
CMS, dilepton 17250 +1.52 (0.43 + 1.46) 7Tev [12]
CMS, all jets 17349 +1.41 (0.69 £1.23) 7Tev (13]
CMS, l+jets 172.35 £ 0.51 (0.16 +0.48} 8Tev [14]
CMS, dilepton 172.82 +1.23(0.19 +1.22} 8Tev [14]
CMS, all jets 172.32 £ 0.64 (0.25 +0.59) 8 Tev [14]
CMS, single top 172.95 +1.22 (0.7 +0.95) 8Tev [15)
CMS comb. (Sep 2015) 172.44 +0.48 (0.13 +0.47) 7+8TeV [14]
CMS, 1+jets 172.25 +0.63 (0.08 +0.62) 13TeV [16]
CMS, dilepton 172.33 +0.70 (0.14 +0.69} 13 TeV [17]
CMS, all jets 172.34 £0.73(0.20 +0.70} 13 TeV (18]
CMS, single top 17213 £0.77 (0.32 £0.70) 13 TeV [19]
CMS, I+jets (*) 171.77 £ 0.38 13TeV [20]
CMS, boosted (*) 172.76 +0.81 (0.2:
* Preliminary
1| ‘ I ‘ 1 1 1 ‘ I ‘ I ’ L 11
165 170 175 180 185

my, [GeV]
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
— depends on renormalisation scheme

e difference in top mass in different schemes (A, B) R =1 GeV, my]
mf — m8 ~ Ras(R)
S—— (3)
MeV —GeV
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
— depends on renormalisation scheme

e difference in top mass in different schemes (A, B) R =1 GeV, my]
mf — m8 ~ Ras(R)
S—— (3)
MeV —GeV

® experimental result must specify the scheme
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
— depends on renormalisation scheme
e difference in top mass in different schemes (A, B) R =1 GeV, my]
m? — m8 ~ Rag(R)

N——
MeV—GeV

)

® experimental result must specify the scheme
® pole mass scheme
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
— depends on renormalisation scheme
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
— depends on renormalisation scheme

e difference in top mass in different schemes (A, B) R =1 GeV, my]
mf — m8 ~ Ras(R)
S—— (3)
MeV —GeV

® experimental result must specify the scheme

® pole mass scheme

® MS-scheme
. e

¢ the pole mass scheme suffers from renormalon ambiguity Aqcp/m:
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
— depends on renormalisation scheme

difference in top mass in different schemes (A, B) R =1 GeV, my]

mf — m8 ~ Ras(R)
— 3)
MeV —GeV

® experimental result must specify the scheme

® pole mass scheme

® MS-scheme
. e

the pole mass scheme suffers from renormalon ambiguity Aqcp/m:

short-distance mass schemes (MS, ...) are free from this issue
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Top mass determination: scheme dependence

® top quark mass parameter requires renormalisation
— depends on renormalisation scheme

e difference in top mass in different schemes (A, B) R =11 GeV, my]

mf — m8 ~ Ras(R)
— 3)
MeV —GeV

® experimental result must specify the scheme

® pole mass scheme

® MS-scheme
. -

¢ the pole mass scheme suffers from renormalon ambiguity Aqcp/m:

® short-distance mass schemes (MS, ...) are free from this issue

— investigate mass scheme-dependence on linear power corrections to top quark production
cross-sections and observables
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Linear power corrections to top quark processes

[S. Makarov, K. Melnikov, P. Nason, M.A. Ozcelik, JHEP 05 (2023) 153 & JHEP 01 (2024) 074]
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Massive case: presence or absence of linear power correction

u

For processes with massive quarks:
® single top production,

e tt production,

. e
we can make the following statements on presence or absence of linear power corrections:
[Makarov, Melnikov, Nason, Ozcelik, JHEP 05 (2023) 153]
® vyijrtual corrections do induce linear corrections
® in the soft limit at next-to-soft approximation
® real corrections do induce linear corrections

® in the soft limit at next-to-soft approximation

® need amplitudes at next-to-soft approximation
— can use Low-Burnett-Kroll theorem

Melih A. Ozcelik (IJCLab) Linear power corrections GDR QCD 2024 10 /22
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Real radiation: Low-Burnett-Kroll theorem
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Real radiation: Low-Burnett-Kroll theorem

U

® the reduced real radiation amplitude M* reads:

de + K+ me

MHF = (g )" "
t

N(qt + ka Pb; qd; )U(Pb)
P

_ K
+ U(Qt)N(q,f, Pb — ka dd, ) ’Y“U(Pb) + M{rteg(qta Pb, 4qd, |k)a

dp
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Real radiation: Low-Burnett-Kroll theorem

U

® the reduced real radiation amplitude M* reads:

de + K+ me

MHF = (g )" "
t

N(q: + k, Pb, G, ---)u(pb)
)Pb

i} K
+ 4(q:)N(qe, o — k, G, - Y u(pp) + Mbeg(at, Pb, qd> - k),

dp
® need Miee up to sub-leading term within M
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Real radiation: Low-Burnett-Kroll theorem

® use condition: k, MH =0
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Real radiation: Low-Burnett-Kroll theorem

U

® use condition: k, MH =0

8N(qt,pb,qd,.--)+3N(qt,pb,qd,---) . (4)
8qt,,u 8pb,u

M#eg(qtypb, qd, |k = O) = —i
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Real radiation: Low-Burnett-Kroll theorem

U

® use condition: k, MH =0

ON(Gr, Pb, Gds ) ON(Gt, Pb Qs .-
(G, Pb, qd )Jr (qt: Pb, 9d, ---) w. (4)

M (Ge pb. Gas |k = 0) = —@
reg(qt Pb, Gd -] ) ut 8qt,,u apb,u

® we now have all the ingredients
— construct | M |2 up to next-to-soft approximation
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Real radiation: Low-Burnett-Kroll theorem

U

® we obtain

IM|? = —J* S, FLo(Ge, Pbs Gds ) — JuLl*FLo(qr, Pby Gd ---)- (4)
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Real radiation: Low-Burnett-Kroll theorem

U

® we obtain

IM|? = —J* S, FLo(Ge, Pbs Gds ) — JuLl*FLo(qr, Pby Gd ---)- (4)
2 Kt 2pt — k+
Y N U TR T - LS LS
d; dp
[H =gtk 0 9 . L= JlkY 0 0
0qY  0qr,. py  Opbp
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Real radiation: Low-Burnett-Kroll theorem

U

® we obtain

IM|? = —J* S, FLo(Ge, Pbs Gds ) — JuLl*FLo(qr, Pby Gd ---)- (4)

® |M|? in the next-to-soft approximation can be related to the leading-order Fro in a
process-independent manner

Melih A. Ozcelik (IJCLab) Linear power corrections GDR QCD 2024 11/22



Real radiation: phase-space integration

® real emission contribution involves phase-space dLips(pu, pp; 94, gt, Px, k) with emitted
gluon
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Real radiation: phase-space integration

® real emission contribution involves phase-space dLips(pu, pp; 94, gt, Px, k) with emitted
gluon
— need to relate to LO phase-space dLips(pu, pp; Pd, Pts Px)
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Real radiation: phase-space integration

® real emission contribution involves phase-space dLips(pu, pp; 94, gt, Px, k) with emitted
gluon
— need to relate to LO phase-space dLips(pu, pp; Pd, Pts Px)

® perform momentum mapping:

pek pek

Gt =pt — k+ ——pd, qd=Pd — ——Ppd ()
PtPd PtPd

Gt + qq + k + px = pt + pd + px (6)
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Real radiation: phase-space integration

® real emission contribution involves phase-space dLips(pu, pp; 94, gt, Px, k) with emitted
gluon
— need to relate to LO phase-space dLips(pu, pp; Pd, Pts Px)

® perform momentum mapping:

pek pek
Gt =pt — k+ ——pd, qd=Pd — ——Ppd ()
PtPd PtPd
Gt + qq + k + px = pt + pd + px (6)
® can now write "
dLips(pu, pb; 9d, 9, Px, k) =dLips(pu, pb; Pd, Pt, PX) W&r(kz L
ik pek (7)
x |1+ 02— P24 0(A?)
PtPd PtPd
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Virtual corrections: Low-Burnett-Kroll theorem
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Virtual corrections: Low-Burnett-Kroll theorem

-

® can proceed in similar fashion as before and obtain
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Virtual corrections: Low-Burnett-Kroll theorem

® can proceed in similar fashion as before and obtain

d*k =i
SMM  yir = / Y ke lzJ?Jb,aFLo + J¢ Ipak" DpuFro — (99 + J5)Dp.aFro

+ JOTy {(Dp@pt)prN} + JOTy [(pt + mt)N(Dp,apb)N] ] .

(8)
0 n 0
8pt,u an,u

Melih A. Ozcelik (IJCLab) Linear power corrections GDR QCD 2024 13/22
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Real & virtual contributions

® we can now integrate out gluon momentum and obtain for the real and virtual
contributions:

Crm 3 2 2
Talor] ==L22 [ dLipsyo | (2 — 2 — T2
27 me 2 pdpt  PtPb

2 2
m; ([ 0 0 > m; u< 0 d >
- - - + FLo.
pape @ (3;35 apl' ) pepstt \opl T opf) |1

asCep . _
Trlov] =— ;77 — [ dLipsy o | Tr {pthbN]
2otk (0, )
+ - P + FLO )
( PtPb pepy 0 \Op),  Opt
Melih A. Ozcelik (IJCLab) Linear power corrections GDR QCD 2024
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Renormalisation contribution

® we need to renormalise the heavy-quark wavefunction and mass in the on-shell scheme:

Iy =1
T )

Crg2m;>T(1+¢) [_

Crg2m;>T(1+¢) [_

Z> =1
2 + (47r)d/2

Melih A. Ozcelik (IJCLab)
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Renormalisation contribution

® we need to renormalise the heavy-quark wavefunction and mass in the on-shell scheme:

2, 2 2
Zm:1—|—Cngmt M1+e) _§ 4+@+0 )\_2 ,
(4m)d/2 € m; m? (1)
Crg2m>T(1+e) [ 1 me 3\ 22
Z, =1 s ! — S —44An =+ 40
2 + (4m)972 c + h\ + ) 2
® the renormalisation contribution reads
asCr A . 3 ON  _
73\ [Uren] = o Ft dLlpSLO IEFLO + mtTr |:(Pt + mt)a—,nthN
(12)

+ mTr [(pt + mt)praa—nISIt] ] .
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Top quark mass scheme redefinition

® we now perform a mass scheme redefinition from pole-mass scheme to short-distance

mass scheme
Cras 77)\)

2w mg

me = iy (1 - (13)
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Top quark mass scheme redefinition

® we now perform a mass scheme redefinition from pole-mass scheme to short-distance

mass scheme
Cras 77)\)

2w mg

me = iy (1 - (13)

® need to account for both explicit (m¢) and implicit (p;) mass change
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Top quark mass scheme redefinition

® we now perform a mass scheme redefinition from pole-mass scheme to short-distance

mass scheme
Cras 77)\)

2w mg

me = iy (1 - (13)

® need to account for both explicit (m¢) and implicit (p;) mass change
— can be done in a process-independent manner
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Top quark mass scheme redefinition

® we now perform a mass scheme redefinition from pole-mass scheme to short-distance

mass scheme
Cras 77)\>

2w mg

me = iy <1 - (13)

® need to account for both explicit (m;) and implicit (p;) mass change
— can be done in a process-independent manner

. ; CFOé TA .
oro(me) — oLo(y) = do&PL 4+ soimpl — #Ft /dLlpSLOX

2
my w( 0 9 _ \
- [PdPt {1 P <3PZ opf ﬂ Fro - meTe [INp ] 1)

— m,Tr [(thr m¢) <§,,N,thN TNp, = >]

omy
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Combined contributions
® combining all contributions, we obtain in the short-distance mass scheme:

dONLO = OR + OV + Oren + §oPL 4 §oimpl (15)

mass mass
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Combined contributions

® combining all contributions, we obtain in the short-distance mass scheme:

SONLO = OR + Oy + Oren 4 605FL 4 §oimpl (15)

T [bonro] = asCF mA /dLlpSLO (FLO - [pthb } — m,Tr [1prN]) = 0. (16)
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Combined contributions
® combining all contributions, we obtain in the short-distance mass scheme:

0ONLO = OR + OV + Oren + §oPL 4 §oimpl (15)

mass mass

OzsCFT(_)\

Tx [doxro] = dLipspo (Fio — Tr [p,Np,N| — mTr [1Np,N|) = 0. (16)

2w mg

® for total cross-sections, there are no linear power corrections for single-top production
type processes within the short-distance mass scheme
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Combined contributions
® combining all contributions, we obtain in the short-distance mass scheme:

dONLO = OR + OV + Oren + §oPL 4 §oimpl (15)

mass mass

asCFL)\

Tx [doxro] = dLipspo (Fio — Tr [p,Np,N| — mTr [1Np,N|) = 0. (16)

271' mg

® for total cross-sections, there are no linear power corrections for single-top production
type processes within the short-distance mass scheme

® what about observables, e.g. kinematic distributions, ... ?
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Kinematic observables

® observable that depends on the momentum of the top quark

m:/wmm.

(17)
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Kinematic observables

® observable that depends on the momentum of the top quark

m:/wmm.

® new component is the expansion of g; in X

PtPd

X(a) = X(po)+ 20 (2 gy ),

opt
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Kinematic observables

® observable that depends on the momentum of the top quark

Ox = /da X(qe)- (17)
® new component is the expansion of g; in X
9X(pt) ( pk )
X =X + B kM) . 18
(a:) = X(pt) ooF \ pepa™d (18)

® now compute 7,[Ox] and obtain for the observable

B asCemh ([, 2m? .\ 0X(pt)
Ox—/dULo [X(Pt)‘i‘ o e (Pt Pbptpb Pk
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Kinematic observables

® observable that depends on the momentum of the top quark

Ox = /da X(qe)- (17)
® new component is the expansion of g; in X
9X(pt) ( pk )
X =X + H— kM. 18
(a:) = X(pt) ooF \ pepa™d (18)
® now compute 7,[Ox] and obtain for the observable
asCr A 2m?
Ox = /dULO X (pr + ; P22 (pt e Pb)) (19)
™ M PbPpt

— the linear term can be understood as a shift in the observable
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Kinematic observables

® observable that depends on the momentum of the top quark

0x = [ do X(ao) (17)

® new component is the expansion of g; in X

X(qt) = X(pe) + 8;([(3?) (:ﬁ, ply — k“) : (18)

® now compute 7,[Ox] and obtain for the observable

asCr 2m?
Ox = /dULO X (pt+ il (pt — th)) (19)

27 my PbPt

— the linear term can be understood as a shift in the observable

® for observables, linear power corrections do not vanish within the short-distance mass

scheme
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Top quark pair production at the Tevatron

q t
e the dominant channel for tt production at

the Tevatron is via qg fusion
® tree-level diagram contains gluon

but it is off-shell 7 ;

® can generalise previous calculation to dipole pairs

e for total cross-sections, there are no linear power corrections for tt production
type processes within the short-distance mass scheme

® for observables, linear power corrections do not vanish within the short-distance
mass scheme
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Top quark pair production at the Tevatron: p; |, y:, Sif

® it is now straightforward to compute the linear shift for p; |, y: and s;z

102.

101,
5 S
< S 10

100
5 0.02} - ool
< € 001
< 001t £
€ £ oof
= = 01}

0 50 100 150 200 250 N Em— . E— :
Yt

pry [GeV]
® can now compute non-perturbative shift at Tevatron (/s = 1.8 TeV)
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Top quark pair production at the Tevatron: p; |, y:, Sif

® it is now straightforward to compute the linear shift for p; |, y: and s;z

102 L

doro
—
(=)
[=]

DN O D = O 00 —
T T T T

donp/doLo
oo
oPoooo®

V5i [GeV]

® can now compute non-perturbative shift at Tevatron (/s = 1.8 TeV)
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Summary

® improved understanding of analytic structure of linear power corrections
® computed linear power corrections for event-shape variables (C-parameter, thrust)

® for top quark production processes, there are no linear power corrections to total
cross-sections within the short-distance mass scheme (MS-scheme)

® however for observables (p:1, yt, s:z), there are linear power corrections within the
short-distance mass scheme (MS-scheme)

® computed expressions for observables, e.g. p;1, v+ and sz, ...

® similar results and conclusions for other (abelian) type processes ...
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Thank you for attention!
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non-perturbative physics: Renormalons

® Renormalon model identifies simple class of diagrams that dominate in the large n¢ limit
[Beneke, Braun, Dokshitzer, Marchesini, Smye, Webber, etc.]

o = o + T yaolan

® example: 3-jet event Z*/v* — qqvy

g

® cach diagram can be computed perturbatively,

do = do(® + (ﬁ) do® + (%)2 ne do® + (%)3 n2do®® + ... (20)

™ ™
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non-perturbative physics: Renormalons

® can resum leading-n¢ contributions via integral

[ ekt = @ opz(ﬁf’ 0o(@)

0 n=0

factorial growth

1 11 4

with — as(p) = D jog 2 fo =7 Ca— 3 Tens.

Aqcp

® series is not Borel summable, ambiguity given by

2mr A 2m
1 QCb : p
R T Rl A

— ambiguity removed by non-perturbative power corrections AgCD/QP
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Massless case: presence or absence of linear power correction

For processes with massless quarks:

® three-jet events,

one can make following statements on presence or absence of linear power corrections:
[Caola, Ferrario Ravasio, Limatola, Melnikov, Nason, JHEP 01 (2022) 093]

® vyirtual corrections do not induce linear corrections

® real corrections

® hard region does not induce linear corrections
® soft radiation at next-to-soft approximation may lead to linear corrections

® condition: observable Oy (k) must exhibit non-analytic dependence on A,
e.g. event-shape variables, ...
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C-parameter: linear power corrections

linear power corrections to C-parameter: [F. Caola et al, JHEP 12 (2022) 062]
15 s3 A (1 + 23)
Tallc] = —— 12 ) 22K (B) — (1— z212) E (2 23
allc] 28712 \g 5 (cf2) — (1 — 2122) E(ctn) (23)
1f 1 . . .
— find agreement previous with results
o9 I (2-jet limit, ...)
S 08 C-parameter | — have analytic results for entire 3-jet
[ region and these are superior to numerical
06| methods
05 |- — could be used for as determinations
0.4 s s s \ \ \ s [P. Nason, G. Zanderighi, JHEP 06 (2023) 058]

0 01 02 03 04 05 06 07
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https://link.springer.com/article/10.1007/JHEP12(2022)062

Top quark pair production at the Tevatron: p;, y:, Sif

® it is now straightforward to compute the linear shift for p; |, y: and s;z

Onp [pei] _as A (2CF — Cat) with 7 = 4™ and Aag ~ 0.3 GeV
per 2rme 2(1—7) St

A 2 1) .
Snp [ye] :%% [(3CA — 8CF) rcosh? i — (Ca — 2CF) H sinh (2yt)}

5NP [St;] ozs A
Sti 27[' m

[QC (1 —=17)— CaTcosh(2y;) + (3Ca —8CF)sinh (2yt)]

® can now compute non-perturbative shift at Tevatron (/s = 1.8 TeV)
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