Current Status of
ete” — £¢€

thh the threshold regson

K. Mebn/Bov

StLAC



Péan

4. Em%e AJS‘){DPJ {ng?-f??f)

L. V’uréu&n.f 73&#3 (!999*20::0}

3. Renacssance and the fiture

(2007 — .. )



1. Ealzfi h&s-bra_

U-Ieavg top quark decays before hadronizdfio
( Fodin & Khoze , 198%)

Mg ~4%0 GeV ;  tawh ;T ~450e

i » Ase

=7 No  4-hadwns |
1t bedover as o tree quack.

um}..or-'ﬁan": imp&cﬁfions for

4+ T  threshold 4in e'e’,



]

18 E

stracture is watheo| ocut

Y

* LO appxcmation: E'\/; ~ed My

1

- ¥
G-(€+£_ - t-{) ol ;n[ Z "ll'n (&) 4"!\ (o)
" E~E, el |

2 3 '
] (Ce s m) B, =- m (Cpate)

dx h3 4p2

For example . Eh:al > -1.9 Ge\/ , Eh=1ﬂ'-t2$@

4

¥* Now - pertunbodive etfects O ((hr??i:
)

( Fadin & YaRoveu) .

¥ Comment : in pert. theory LO = infinite

umnm of Feynman qraphs !

x” t x* x IE=TR
£ <A< (B
t Rzp v



Jt <8 then uea.ésw.,ba, clear that

bhe <thresholol excrtation curve
tS  sensitive too

m, - position of +he pﬂa‘

oAg - hei ght of the crmss section (ol:,
pPosition of the peafe (Mfo(sz)

l:_ - [, 0o | ro peak

H:‘ggs

=~ for SM Higes with m,~1o0 GeV
effects

the cmss-section <ncregses

ba 40 7:: .

gi;um this EisF one Seek that

from threshold exa'tadion Curve

orre ean extract vorious S$M parameters,



In. 4438, Hw effort of Ewropean
NLC community  has been summanizeo]

L Physics Repor’l‘s. [299 (1'!98) P.'I*flﬁ]

For  top  Hhreshabol ; we Finol there

Sy o 0.003

SI.-"‘I:. /r‘ ,.‘5_ 3-07#

and sO everygthing Cookeo fright.

Then 4999 came ... .



4. QCD /top threshold at the NLC

® Top quark is unstable, I'; ~ 1.5 GeV. This implies
that: :

1. toponium can not be formed;

2. top threshold cross section is computable from
first principles.

e Prospects to measure m;, I, a;, top-Higgs Yukawa
coupling were thought to be bright.

e The O(a?) QCD corrections were not originally com-
puted; apparently it was much too difficult task for
a long time. When it was finally done, the result
turned out to be disastrous.
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Such large corrections were not anticipated and they
do mean that the precision physics at the top threshold
is rather questionable. Can anything can be done about
it?



Two toeas were suggested :

1) Do net we Quark pole mass

2) Re-shupfle +4he serjes
e notion of '&!aa&'n‘? order ?
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® Let’s look at the position of the peak. Since this
is a remnant of the 15 toponium, B,y = 2m + By,
Hence, confronting experimental and theoretical curves
in higher orders, we will extract larger and larger values
of the pole mass and extrapolating this to an ex-
treme, we conclude that the pole mass does not
exist.

® A similar problem has already been encountered in
B-physics, and the conclusion was that other masses
have to be used.

® To give you an idea of what are we after with these

masses: £q O av( ) ™m —r—
_ _ q Uraplg iqT” ' I v
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Landau pole in the potential questions the existence

of this formula and this can not be right. So let us

rewrite it through well defined gquantities:
T dq Crog(a) or

SRRV o SR A

The new mass m(u) is called the PS (potential sub-
tracted) mass.

It satisfies rather curios “renormalization-group”
equation:

d

a;m(#) ~ Cpas(p),

which implies a linear sensitivity to the renormal-
ization scale.
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® So, lets fix the threshold mass at some scale p and
recompute the cross section. The value of the pole
mass in different orders of PT will differ by a sig-
nificant amount.

¢ After that the result looks almost perfect in that
the peak position can be determined with very high
precision.

e Note, no imprdvement with the normalization yet.
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® The height of the cross section at the peak is deter-
mined by the wave function of the “toponium?”.
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® Sources of corrections:

1. renormalization of the production current;

2. corrections to the Coulomb potential;
3. relativistic corrections.

® Corrections to the Coulomb potential are moderate,

once the running of the coupling constant is taken
into account.

® log a corrections are relatively easy to follow:

In this approximation, the wave function at the ori-
gin reads:

[$OI = [py], {1- (=) 5.3
+ (%)2 [51.17] log (ai) - (?)3 [232.48] log ('a%) 2} .
e Numerieally [a, = 0.15]:
[ (0)|* = [|9(0)}], (1 — 0.255 + 0.223 — 0.09),

that shows large corrections. How to make sense
out of that?



® Note the sign alternating nature of the above cor-
rections.

Are we missing some guiding principle to organize
the series better?

® Re-shuffle the serjes — summing up log o, corrections
[A. Hoang, A. Manohar, I. Stewart, T. Teubner].

g\ k ;
RLL = F.:E,z (—T;—) (ﬂfs ]{}g 'U) . (1)

What does it mean?
At LL - running of the coupling constant.

At NLIL — all the terms in the above equation for
%(0)°| should be counted at once. This gives

' {0.74/0.97/0.87] = 0.87, (2)
mild reduction instead of volatile series.

® From known NNLO calculations, one might expect
that NNLL calculation with only known terms will
not induce large corrections.

e Recent claim: NNLL calculations of the #Z threshold
production cross section give this quantity with the
uncertainty of about 2 per cent.

Opens back the window for precision physics at
threshold(!?)
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___Co neluiions

¥ Top threshofdl histfory gives a gaod examply,
of how stable and reliodle theory

pred;‘cﬁbns are .. .

¥  Coment satus !
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