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Motivation I — top

o(ete” — tt) @ threshold
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Needed: N°LO prediction for o(eTe™ — tt)
i.e.: N°LO corrections to 0 E,,, 61, 0G

V.A. SITHITIOV, Y. SUIMIMO, 1. Teupner, U. YdKOVIEV,

# stability in position of peak
A. Yelkhovsky’00]
# no stability in normalization of peak

Resummation of IOgaritth (tO NNLL) [Hoang,Manohar,Stewart, Teubner'01,Hoang’04]
promising; however: not complete [Penin,Pineda, Smirnov,MS'04]
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Motivation II — bottom

Determination of m; from bottom system:

# |ow-moment SR:
NNLO (Smb — 50 MeV [KGhn,Steinhauser’01; Corcella,Hoang’03]
N3LO: still missing

® T(1S)-system: My (i) = 2my + EPY + 5P

needed: Eft to NBLO [Penin,MS'02]
> dmy = 70 MeV
o T SR:

NNLO: dmy = 50 — 100 MeV
[Penin,Pivovarov’98; Beneke,Signer'99; Melnikov, Yelkhovsky’00; Hoang’'00]

N3LO: 27?7
needed: §E,, and 61, to N3LO
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Framework

G(O7 07 E) — Z?C;O:O ‘%n_(%zl
[ (0)* =

1. insert
2. expand for £ — E¢

0G(0,0, E) ~ (Ge|H|Ge)

PEOF (1+ 80 + 662 +5v +
Bo = B (1+0EY + 0B + 0B + ..

single pole: A(™q)
double pole: AW E

+ (GeH|GeH|Ge) +

L2 2kz) L2 (2ky)m!

Go(x,y,k) ~ 2 20QRU+1) > 0o ==, cqu/(2k))(m+zz+1)'P((XY)/xy)

> single, double and triple sums

> analytical solution in terms of ¢ function possible

)



Framework 11

pOtentlal NRQCD [Pineda,Soto’98,Brambilla,Pineda,Soto,Vairo’00]
2 expansion parameters: a,, 1/m,

dynamical degrees of freedom:
potential quarks, ultra-soft gluons

effective Hamiltonian known to NSLO [Kniehl,Penin,Smirnov,MS'02]
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Effective Hamiltonian

mg 4m2
0 — —2 ]
TCrag(p v+ ,

Static potential:  V(|g]) = 4WCF§s<lﬂ>
1/mq potential: — Vy,,(|q1) = = CFQ%(W')
“Breit” potential: o 1/m;

W — |

q
as(lq) as(lg)) ) as(lg))’ -
Colas) =1+ AL AV (i> as + ( g ) (a3—|—87T2C’§1 In M—) —
47 47 47 Ik

S:spin; L=0; no 1/m? (tree-level) potential



Perturbation theory for £,

2 2

Energy level: E, = E¢ + 5E7(7,1) + 5E7(7,2) + 5E7(7,3) +... E$=-%£%m
(@) 6B : (Go|dHNYO|G o)
(b) 6EY: (Ge|sHNNLO|G ), 2nd iteration of §HNLO
(c) 6E):

s (GelsHNM0|Ge)
» iteration of §H O and sHNNLO; 374 jteration of §H O

& Uultrasoft contribution:
® (Gcl0™H|Ge)
#® retarded ultrasoft contribution



SEY = §E + 6B
B(a1s)=0 Bas)
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also known: n = 2, 3 Loy, = —In(Cpas), Ly, = 1n(u/(Cpasm))

[Penin,Smirnov,MS’05; Beneke,Kiyo,Schuller'05]
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Perturbation theory for v,

Wave function:

PO = WEOP (14508 + 00l + 00l +..) + ..

C%ag’mg
[y (0)? = 5=
3
57#7(1) — KQ]HQCMS + K1 Inag + Ky , + Ko
5 rem
known unknown
Ve(r) = _Cros {1 + — (850Lr +a1) + ( 7r) [64502113 + (16a1B0 + 3231) L,

3
é} ] +_(2§{) [512503Li-+ (192a1ﬁ02%—6405051)4L2

7
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16072
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new: o wq(f)
B
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Excited states of bottomonium

My (ngy = 2my, + ERY + VP B,

Pn = 5T Ry ( does not suffer from renormalon amblgumes)
t.

102 X pIQ) — 1.49 (1 +0.79nL0o + 1.18NNLO + 1.213 5 + - 1) — 621_%;

102 x pgxp _ 5.95
t.

102 X Pg — 1.77 (1 + 0.92NL0 + 1.37NNLO + 1553, +---) — 861_%;31

102 x pgxp _ 9.46

> convergence not good

= N3LO terms needed to match experimental result;
iImpressive agreement

> non-perturbative contribution small 1?



T SR

exp

Compare exp. and th. moments: Mth = A©

Experimental input: masses and leptonic width of
T resonances

Theory input: (corrections to) energy and wave function;
non-perturbative effects under control

Estimate N3LO corrections:
k > 20: corrections to ground state energy dominate

Sy (mp)N X0 > 0 small
k = 4: corrections to wave function become important

S (mp)N O~ —100 MeV

o> Wait for complete N3LO result



Peak for o(e"e™ — tt) at N°LO

Normalization of peak
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Peak for o(e"e™ — tt) at N°LO

Normalization of peak
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Normalization of peak
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[(T(1S) — eTe)

[*P = 1.31 keV as(Myz) = 0.118 +0.003
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Summary

» NS3LO corrections to energy levels, 5E7$3): complete

® N3LO corrections to wave function, 5%&3): In?, In, 68

# stabilization of pertubative series observed
# excited states of bottomonium
® T(1S) leptonic width
#® T sum rules
# tt threshold production

# Third-order corrections to 41 to be completed
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