Four-fermion production near thd-pair production

threshold

Pietro Falgari
Institut fur Theoretische Physik E, RWTH-Aachen

RADCOR 2007
Florence, October 1-5, 2007

In collaboration with:
M. Beneke, C. Schwinn, A. Signer, G. Zanderighi

Pietro Falgari (TPE, RWTH-Aachen) RADCORO7, October 2007 1/17



Introduction

Effective Field Theory Formalism
Born-level results

Radiative corrections

Uncertainties oW-mass determination

Conclusion

Pietro Falgari (TPE, RWTH-Aachen)

RADCORO7, October ' 20

2/17



Motivation

Pietro Falgari (TPE, RWTH-Aachen) RADCORO7, October 20 3/17




The masses of thiop quark the W bosonand yet undiscovered patrticles lileg-
persymmetric partnersould be accurately measured usthgeshold scaat a future
e e linear collider
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constrains contributions frofew Physics wr
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Measurements of thieur-fermion productiorcross section near ¢ w V'
the W-pair production thresholdould reduceé/Myy to ~ 6 MeV . =
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The masses of thiop quark the W bosonand yet undiscovered patrticles lileg-
persymmetric partnersould be accurately measured usthgeshold scaat a future
e e linear collider

. . 20 -
Measurement oy of particular interest! e
.. _ YFSWW3 /‘},,,,{:617
@ Key observable foBM precision tests B[ w7
. _ : G
@ Combined with other SM parameter measurements /
constrains contributions frofew Physics wr
n o
Measurements of thieur-fermion productiorcross section near ¢ w V' +
the W-pair production thresholdould reduceé/Myy to ~ 6 MeV - =
N ‘
(G. Wilson, 2nd ECFA/DESY Study, 1498-1505, Desy LC note LC-PHSM-20)1-009 ® o 7

Theoretical uncertainties must be reduceé-t6.1%!

I

Accurate theoretical predictions fer e — 4f in the energy range/s ~ 155— 170 GeV
strongly motivated by future phenomenological applications
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Theoretical issues

Precise theoretical descriptioasprocesses involving intermediatestable particlerequires
addressing two main theoretical issues:

@ Systematic inclusion dinite-width effectgmay lead to gauge-invariance violatjon
@ Calculation ofEW and QCD radiative correctioifsifficult for multiparticle final states
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@ Gauge-invariant expansion around the complex pole
(systematization to threshold of the Double Pole Approximation

@ Specific for the threshold region

@ Computationally simple + finanalyticexpressions

@ Atthe moment only for inclusive observables
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The process is characterized by two well-separated sceles:M3, > MwI'w = \?
— Effective Field Theory (EFT) techniques are used to integrate out the largeMale
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Effective Field Theory Approac

The process is characterized by two well-separated sceles:M3, > MwI'w = \?
— Effective Field Theory (EFT) techniques are used to integrate out the largeMale

@ Effective Lagrangian describing long-distance degrees of freedor
(¢ — g < MwTw)
Ve + - resonantVs (2 — Mg, ~ MyT'w)
- potential € ~ mwI'w) and soft ¢ ~ rZ) photons
v € 4 - high-energetic external fermiong (= o)

e w e w

@ Matching coefficients determined by short-distance physics
(@ — 2 ~ M3)

- non-resonantVs (? — M3, ~ M%)

e o’ - light degrees of freedom with large virtualitied ¢ m2)

- heavy degrees of freedomtoson, Higgs, top quajk
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The process is characterized by two well-separated sceles:M3, > MwI'w = \?
— Effective Field Theory (EFT) techniques are used to integrate out the largeMale

. - . - @ Effective Lagrangian describing long-distance degrees of freedor
2 —m < MyT
2 (€ ~ 1 < MaTw)
Ve + - resonantVs (2 — Mg, ~ MyT'w)
- potential € ~ mwI'w) and soft ¢ ~ rZ) photons
e w v © w - high-energetic external fermiong (= o)

@ Matching coefficients determined by short-distance physics

(& — g ~ M)
- non-resonantVs (¢ — M3, ~ M3))
e o’ - light degrees of freedom with large virtualitied ¢ m2)

- heavy degrees of freedomtoson, Higgs, top quajk

i [ 52 1YW (B2—iMwIy)? T :
Lerr = EQ$<IDO+ZI\/|\N+I\£I_(8|\/|\\%VVW)+I;V+M Qly'f'
:F
20 . el K
+ 2P (@ linlle ) (@ 0F) + (8 e ) (BLyue) +
2M3, My
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Effective Field Theory Approach

EFT calculation organized assamultaneous expansiaf the matrix elements in powers of
a, as, the ratiosy /My and the non-relativistic energy of thes E/My = (/s — 2Mw)/Mw

2 Tw E
Qg ~ Qew ™~ 5 ~ ——

Mw  Mw
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Effective Field Theory Approach

EFT calculation organized assamultaneous expansiaf the matrix elements in powers of
a, as, the ratiosy /My and the non-relativistic energy of thes E/My = (/s — 2Mw)/Mw

2 I'w E
Qg ~ Qg ™~ —— ~ —

Mw  Mw
For counting purposes the expansion parameters are collectively indicated as

(n/2)
_ N 002 oIS /2
o(s) = n§>00 (s) where OTeS 1)
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Effective Field Theory Approach

EFT calculation organized assamultaneous expansiaf the matrix elements in powers of
a, as, the ratiosy /My and the non-relativistic energy of thes E/My = (/s — 2Mw)/Mw

2 I'w E
Qg ~ Qg ™~ —— ~ —

Mw  Mw

For counting purposes the expansion parameters are collectively indicated as

U("/Z)(S) 6”/2

a(s) =Y o™?(s) where “om "~

n>0

EFT formalism applied to the calculation of total cross-sectiorefa™ — 1~ 7,udX up to
NLO in a2 ~ aew ~ Tw/Mw ~ E/Mw
(M. Beneke, P. Falgari, C. Schwinn, A. Signer, G. Zanderighi, ArXiv:0707.0773[hep-ph]

Pietro Falgari (TPE, RWTH-Aachen) RADCORO7, October 2007 6/17



EFT Born approximation: LO

Pietro Falgari (TPE, RWTH-Aachen) RADCORO7, October 2007 7117



EFT Born approximation: LO

The cross section is extracted from appropriate cuts of the forward-scattering amplituds
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EFT Born approximation: LO

The cross section is extracted from appropriate cuts of the forward-scattering amplituds

Leading-order forward-scattering amplitudietained from the matrix element lmfwest-order
production operators

4G = [ dixie et Ti0P 00 Wllee) = | Yoo

Q

(0) _

whereOj 322 a (7' +4n)e Q) (with n' the direction of the incoming electron).
w
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EFT Born approximation: LO

The cross section is extracted from appropriate cuts of the forward-scattering amplituds

Leading-order forward-scattering amplitudietained from the matrix element lmfwest-order
production operators

iAo = /d4 e e TP (0)ioP (x)]|e” et >lo<°>o' <

whereO” = iz'%l—zzé_(fyiﬂ +~In")e Q™ 7 (with n' the direction of the incoming electron).
w

The flavor-specific final state is selected by multiplying the imaginary pa# with the
leading-order branching ratipr'® (W~ — 1~ 7,)Br® (W — ud) = 1/27:

2
0 0 o
Ul(Bo)rn = 2775 I mAE(Bo)rn 275‘\/\‘/5
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EFT Born approximation: higher-order corrections
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EFT Born approximation: higher-order corrections

V/NLO

From singly—resonankinematical configurations

1/2 o® h
>< = obdd = T > 37 KnC'(9)
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EFT Born approximation: higher-order corrections
VvNLO

Fromsingly-resonankinematical configurations

3
[e3
= om = g7as 2 K€"

2755

NLO
Fromhigher-dimensional productiasperators
andpropagator corrections

0 e € (F2-ma)2 e

2 L (0) 3/2
wy T E+ iTy
= Bom = Fﬂ,s {.F(s)lm [(Mw
3E 1Ay E+inlY
My + My T Mw

r@? i My
8MZ,  2Mw E+inly
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EFT Born approximation: higher-order corrections
VvNLO

Fromsingly-resonankinematical configurations

© e

3
[e3
= om = g7as 2 K€"

2755

NLO
Fromhigher-dimensional productiasperators
andpropagator corrections

Comparison with the exact cross section

Numerical result fromWhizard/CompHepW. Kilian; E. Boos

€ Q e e Q € e u‘lf)imft €
R etal., Nucl. Instrum. Meth.A534(2004); A. Pukhov et al.,
o m 5o, vom "o + o) m "oy hep-ph/9908288

ra? E+ il"(o) 8/2 L EFF[I\‘/(‘)l
@ _ w —=- EFT[YN LO]
= “Bomn = 215 F(g)im (’ My ) 00 ErriNLo]
400 exact Born
3E 1Ay E+inlY 30
+im | v 200
8Mw SMw Mw

"156 158 160 162 164 166 168 170 VRltEs

r@? i My
8MZ,  2Mw E+inly
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Radiative corrections

A target accuracy on the cross sectiorief per-millesrequires the inclusion afomplete EW
and QCD radiative corrections
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Radiative corrections

A target accuracy on the cross sectiorief per-millesrequires the inclusion afomplete EW
and QCD radiative corrections

e Q

@ EW corrections to theroduction-vertex matching
coefficientCp, and EW and QCD corrections to the :'c,, =P 20+ ..
decay-vertex matching coefficie@

e Q°
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Radiative corrections

A target accuracy on the cross sectiorief per-millesrequires the inclusion afomplete EW
and QCD radiative corrections

Q
@ EW corrections to theroduction-vertex matching
coefficientCp, and EW and QCD corrections to the c =0 4 2oV 4
decay-vertex matching coefficie@ -
Q°
Q e
@ Radiative corrections in the effective field theory: >

potential(¢?2 ~ MwI'w: Coulomb correctiopand
soft-photon(q? ~ T'3,) exchange
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Radiative corrections

A target accuracy on the cross sectiorief per-millesrequires the inclusion afomplete EW
and QCD radiative corrections

e Q
@ EW corrections to theroduction-vertex matching
coefficientCp, and EW and QCD corrections to the :'c,, =P 20+ ..
decay-vertex matching coefficie@

e Q e
@ Radiative corrections in the effective field theory:
potential(g? ~ MwI'w: Coulomb correctiopand i i
soft-photon(¢? ~ I'3,) exchange

e Q e
2l

@ Universal corrections frormitial State RadiatiorfISR) e
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NLO matching coeﬁicients

@ O(«) production vertex

2 (@ linle ) (@00

Extracted from th@ne-loop correction® theon-shellprocesete~ — WHW—
At lowest order ses = 4M3, — only corrections td-channel diagram survive!

e w e w W e gz W
Vi
e w Vi v e w
e Y W e W oow e T w

2 —z
©) _a 13 My wfiny| (0
A"'rproductionf ;Re [(7 2 2 - u? +% “
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NLO matching coeﬁicients

@ O(«) production vertex

2 (@ linle ) (@00

Extracted from th@ne-loop correction® theon-shellprocesete~ — WHW—
At lowest order ses = 4M3, — only corrections td-channel diagram survive!

e w e w W e gz W
Vi

e w Vi v e w

s 5 W e W W e T w

2 —z
©) _a 13 My wfiny| (0
A"'rproductionf ;Re [(7 2 2 - u? +% “

@ O(«) decay vertices
Extracted fromEW virtual and real correctiorts the decay®V— — p~ 7, andw+ — ud

2 2
@ o @finy , (fimpy , 101 7w ¥ ©)
A%gecay™= - [Re {cuff +Ca } M T T T QuQd| 7gorn
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NLO matching coeﬁicients

@ O(a) production vertex

2 (@ linle ) (@00

Extracted from th@ne-loop correction® theon-shellprocesete~ — WHW—
At lowest order ses = 4M3, — only corrections td-channel diagram survive!

e w e w W

wow
2 —z
©) _a 13 My wfiny| (0
A"'rproductionf ;Re [(72 T2 - u? +% “

@ O(«) decay vertices
Extracted fromEW virtual and real correctiorts the decay®V— — p~ 7, andw+ — ud

2
(1) a @.finy | (1,fin) 101 7w 19
A%gecay™= - [Re {cuff +Ca } M T T T QuQu oBorn

QCD corrections are taken into account by multiplying the cross sections with the universal factor f
massless quarkiycp = 1+ as/7 + 1.40%2 /72

Pietro Falgari (TPE, RWTH-Aachen) RADCORO7, October%' 2007 10/17



Radiative corrections in the EFT
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Radiative corrections in the EFT

@ Coulomb corrections

Arise from exchange giotential photongs? ~ My Tw) between th&vs: n" Coulomb correction
scales as"(Mw/I'w)"2 ~ o"/2 — first and second correction must be included!

Q 1]
2. i 2 (0) 22 [T
e\ NSe AN NS e E + i’ M
. é T N Ly P _ERITw ) et Mw
e \\ » e 4N B e oulom 27#5 2 MW 12 E+IF\(,\?)
Q Q
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Radiative corrections in the EFT

@ Coulomb corrections

Arise from exchange giotential photongs? ~ My Tw) between th&vs: n" Coulomb correction
scales as"(Mw/I'w)"2 ~ o"/2 — first and second correction must be included!

Q Q
T -~ 2 i (0) 2.2 [ o
AN AV AN IR Y4 E+ il M
. é T N Ly P _ERITw ) et Mw
SN NS SN oulom| 27k 2 My 12 E+il“\(,\?)
Q 0

@ Soft-photon corrections

Arise fromsoft photongq¢? ~ 13,) exchange between different subprocesses
Large cancellations due to residual gauge-invariance of the EFT Lagrangian!

2 — 2
M € 1
LA T 2(ﬂ> LS i ™
K soft 275k s ™ \ 2p € € 3
" (0 (0 —3¢
>_ ‘< >‘W'< >‘ '< . 7J75+.r® _B(E+iTY)
nn) (mm1) mmz> Mw H
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Initial State Radiation

In the limit me = O the total cross section is not infrared safe (uncancelfecpdles)!
Infrared-safety is recovered after the inclusiorcollinear modegg? < ng):
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Initial State Radiation

In the limit me = O the total cross section is not infrared safe (uncancelfecpdles)!
Infrared-safety is recovered after the inclusiorcollinear modegg? < ng):

3 ) (0
v - @ ) E+ily [, f AE+ITy) |n(WJ)
27shs Mw Mw Me

2Mw 1,fin > 1 1
—5In (W) + Re [CS ' )] +t 3) } + AcConiomb+ Aaée)cay
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Initial State Radiation

In the limit me = O the total cross section is not infrared safe (uncancelfecpdles)!
Infrared-safety is recovered after the inclusiorcollinear modegg? < ng):

3 i~ (0) i1~ (0)
o _¢_E+'Fw S WETY
27shs Mw Mw Me

2Mw 1,fin > 1 1
—5In (E) + Re [C;() I )] + I + 3> } + AO'((:o)ulcumb'i_ Ao'(geZ:ay

Leading logs £ " In" (2”%’)) can be resummed to all orders!

1 1
oMO(s) = / dx, / dxel s (X1) s (X2) 6 (X1%2S)
0 0
wherel'st is theelectron structure functioim Leading Log(LL) approximation and

1
&(S) = osom(S) + 0 (S) = oBom(S) + o (s) — 2 / dxss' ™ (x) oY (xs)
0
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Radiative corrections in the,,-schemen = ag, = V2G, MG s,/
(Mw = 80.377 GeV, Mz = 91.188 GeV,My = 115GeV,m; = 1742 Ge\)
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Two issues:
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Radiative corrections in the,,-schemen = ag, = V2G, MG s,/
(Mw = 80.377 GeV, Mz = 91.188 GeV,My = 115GeV,m; = 1742 Ge\)

Two issues:

@ The ISR convolution receives contribution from regions where the EFT approximation breaks d
— use the full result for the Born cross section and set the radiative corrections to 0 below the c
/s =155GeV
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Radiative corrections in the,,-schemen = ag, = V2G, MG s,/
(Mw = 80.377 GeV, Mz = 91.188 GeV,My = 115GeV,m; = 1742 Ge\)

Two issues:

@ The ISR convolution receives contribution from regions where the EFT approximation breaks d
— use the full result for the Born cross section and set the radiative corrections to 0 below the c
/s =155GeV

@ Large logs are under controll only at LL levet convolute the ISR with the complete NLO partonic
cross section or only with the Born result (difference formally NLL):

oNLOUSR-Tree) — 1y o I'5E (%) TS5 (¥2) ogorn + 6 (D
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Radiative corrections in the,,-schemen = ag, = V2G, MG s,/
(Mw = 80.377 GeV, Mz = 91.188 GeV,My = 115GeV,m; = 1742 Ge\)

Two issues:
@ The ISR convolution receives contribution from regions where the EFT approximation breaks d
— use the full result for the Born cross section and set the radiative corrections to 0 below the ¢
v/s=155GeV

@ Large logs are under controll only at LL levet convolute the ISR with the complete NLO partonic
cross section or only with the Born result (difference formally NLL):
oNLOUSR-Tree) — 1y o I'5E (%) TS5 (¥2) ogorn + 6 (D

o(e” et — p~ p,ud X)(fb)
\/s[GeV] Born Born(ISR) NLO NLO(ISR-tree)
158 61.67(2) | 45.64(2) | 49.19(2) 50.02(2) 00/ %] —  Bom(ISR)
[-26.0%] | [-20.2%)] [-18.9%] 18 - NLOGSR-wee) .~
161 154.19(6) | 108.60(4) | 117.81(5) 120.00(5) a0 ™ =
[-29.64 [-23.6%4 [-22.24 ”
164 303.0(1) | 219.7(1) | 234.9(1) 236.8(1)
[-27.5%] | [-22.5%] [-21.8%] -
167 408.8(2) | 3102(1) | 328.2(1) 329.1(1) -26
[-24.1%] | [-19.7%)] [-19.5%)] 28
170 481.7(2) | 3784(2) | 398.0(2) 398.3(2) VeiGev]
[-21.4%9 [-17.4% [-17.3%4 160 162 164 166 168 170
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Comparison with the full four-fermion calculation
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Comparison with the full four-fermion calculation

Comparison with the fult™e™ — 4f result
(Denner, Dittmaier, Roth, Wieders, Phys. Lett. B612: 223-232,2005
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Comparison with the full four-fermion calculation

Comparison with the fult™e™ — 4f result
(Denner, Dittmaier, Roth, Wieders, Phys. Lett. B612: 223-232,2005

@ Strict NLO electroweak corrections

o(e"e” — u p,ud X)(fb)

Vs[GeV Born NLO(EFT) ee4f DPA
161 150.05(6) | 104.97(6) | 105.71(7)| 103.15(7)
170 481.2(2) | 373.74(2) | 377.1(2) | 376.9(2)
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Comparison with the full four-fermion calculation

Comparison with the fult™e™ — 4f result
(Denner, Dittmaier, Roth, Wieders, Phys. Lett. B612: 223-232,2005

@ Strict NLO electroweak corrections

o(e"e” — u p,ud X)(fb)

Vs[GeV Born NLO(EFT) ee4f DPA
161 150.05(6) | 104.97(6) | 105.71(7)| 103.15(7)
170 481.2(2) | 373.74(2) | 377.1(2) | 376.9(2)

@ QCD corrections and higher-order ISR

o(e"e” — p v,ud X)(fb)

V/5[GeV] | Born(ISR) | NLO(EFT) | eedf DPA
161 107.06(4) | 117.38(4) | 118.12(8)| 115.48(7)
170 381.0(2) | 399.9(2) | 401.8(2) | 402.1(2)

Difference between EFT and full four-fermion reswt0.6% in the range 166- 170 GeV!
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Remaining theoretical uncertainties
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Remaining theoretical uncertainties

Dominant remaining theoretical uncertainties come from:
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Remaining theoretical uncertainties

Dominant remaining theoretical uncertainties come from:

@ Incomplete Next-to-Leading-Log (NLL) treatment of ISR
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Remaining theoretical uncertainties

Dominant remaining theoretical uncertainties come from:
@ Incomplete Next-to-Leading-Log (NLL) treatment of ISR

@ Convolution of the complete NLO fixed-order cross section with the structure functions
@ NLL resummation of the structure functiondt done yet Tee = I's5 + I'hek + ...
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Remaining theoretical uncertainties

Dominant remaining theoretical uncertainties come from:

@ Incomplete Next-to-Leading-Log (NLL) treatment of ISR
@ Convolution of the complete NLO fixed-order cross section with the structure functions

@ NLL resummation of the structure functiondt done yet Tee = I's5 + I'hek + ...

@ Higher-order (N/2LO) corrections to the partonic cross-section
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Remaining theoretical uncertainties

Dominant remaining theoretical uncertainties come from:

@ Incomplete Next-to-Leading-Log (NLL) treatment of ISR
@ Convolution of the complete NLO fixed-order cross section with the structure functions

@ NLL resummation of the structure functiondt done yet Tee = I's5 + I'hek + ...

@ Higher-order (N/2LO) corrections to the partonic cross-section

@ O(a)-improved four-electron operators framdiative corrections o KO 4 a0
to singly-resonant diagramscluded in the full four-fermion calculation ’

o Interference ofCoulombcorrection withhigher-dimensional
productionoperatorsincluded in the full four-fermion calculation

o Interference offoulombcorrection withsoft corrections 0O(«)
matching coefficients

@ Third Coulomb correctionKnown but negligibl¢

Pietro Falgari (TPE, RWTH-Aachen) RADCORO7, October %' 2007 15/17



Uncertainties oW mass determination
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Uncertainties oW mass determination

Assume six experimental poin®; at /S = 160,161, 162 163 164, 170 GeV
(O = opFP(s; Mw = 80.377 GeV))

Determine thaincertaintyyMy on theW mass fordifferent theoretical predictioB;
minimizing the function

°\ (O — Ei(6Mw))?

2 _

i=1
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Uncertainties oW mass determination

Assume six experimental poin®; at /S = 160,161, 162 163 164, 170 GeV
(O = opFP(s; Mw = 80.377 GeV))

Determine thaincertaintyyMy on theW mass fordifferent theoretical predictioB;
minimizing the function

°\ (O — Ei(6Mw))?

2 _

i=1

@ Missing NLL contributions ¢stimated from the
difference in the two ISR implementations

oMw ~ 31MeV
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Uncertainties oW mass determination

Assume six experimental poin®; at /S = 160,161, 162 163 164, 170 GeV
(O = opFP(s; Mw = 80.377 GeV))

Determine thaincertaintyyMy on theW mass fordifferent theoretical predictioB;
minimizing the function

°\ (O — Ei(6Mw))?

2 _

i=1
@ Missing NLL contributions ¢stimated from the
difference in the two ISR implementations
oMw =~ 31MeV
@ O(«) corrections to the four-fermion effective vertex
(included in the full four-fermion calculation
dMw =~ 8MeV
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Uncertainties oW mass determination

Assume six experimental poin®; at /S = 160,161, 162 163 164, 170 GeV
(O = opFP(s; Mw = 80.377 GeV))

Determine thaincertaintyyMy on theW mass fordifferent theoretical predictioB;
minimizing the function
6 2
2 (G — Ei(dMw))
oMw) = —_
X" (0Mw) . 2,0
i=1
@ Missing NLL contributions ¢stimated from the
difference in the two ISR implementations

oMw ~ 31MeV

@ O(«) corrections to the four-fermion effective vertex
(included in the full four-fermion calculation

oMw ~ 8MeV

@ Interference between Coulomb and soft and hard

ions: &) ©)
COITeCtions: ¢ (Ac(y + Acily cion/ ThomAc

OMw ~ 5MeV
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Uncertainties oW mass determination

Assume six experimental poin®; at /S = 160,161, 162 163 164, 170 GeV
(O = opFP(s; Mw = 80.377 GeV))

Determine thaincertaintyyMy on theW mass fordifferent theoretical predictioB;
minimizing the function

°\ (O — Ei(6Mw))?

2 _

i=1

@ Missing NLL contributions ¢stimated from the
difference in the two ISR implementations .
dMw ~ 31MeV

@ O(a) corrections to the four-fermion effective vertex '™ |
(included in the full four-fermion calculation

3. VSIGeV]

SMw =~ 8MeV aso [
@ Interference between Coulomb and soft and hard o “‘n\ﬂs ey oTH
jons: @ ( ® = JNLO
corrections: { (Ao + A‘7productlor'?/‘7BornAUCouloml) 7
OMw ~ 5MeV
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Conclusions

@ In the threshold region the EFT approach represents a valid alternative to the full SM
calculation (at least for total cross sections)
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Conclusions

@ In the threshold region the EFT approach represents a valid alternative to the full SM
calculation (at least for total cross sections)

@ The dominant remaining theoretical uncertainty comes from an incomplete treatmen
NLL initial-state radiation, and can be foreseeably removed
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Conclusions

@ In the threshold region the EFT approach represents a valid alternative to the full SM
calculation (at least for total cross sections)

@ The dominant remaining theoretical uncertainty comes from an incomplete treatmen
NLL initial-state radiation, and can be foreseeably removed

@ With further inputs from the full four-fermion calculation and higher-order corrections
the EFT framework the theoretical error on #emass could be reduced 0 5MeV
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