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Heavy quark-antiquark threshold

Heavy g q production near threshold:

tt bb
perturbative
nonrelativistic
e e — nonrelativistic
threshold scan sumrule analysis
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Heavy quark-antiquark threshold

tt resonance @ Llnear Collder
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Heavy quark-antiquark threshold

tt resonance @ Llnear Collder

]-4; [, =~ 1. 5GeV > /\QCD 4
12+ :
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S : vl NLL ]
06 ingomplete!!!
0.4+ :
i * Nonpert. effects suppressed
0.2 [Fadin, Khoze; 1987]
* No sharp resonance peaks
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status: dm; ~ 100 MeV v

(theory) '
o 00tot/Otot ~ 6% , < 3% needed for precise Vi, s, [+

27.09.2011 Maximilian Stahlhofen - University of Vienna RADCOR2011 - 5



Heavy quark-antiquark threshold

EW effects:
« LO: Unstabletop = [\ = 1.5GeV > Aqcp “IR cutoff”
_ ) —2m il |
Veff = \/\/gmtmt ? \/\/5 mn:t — ’ |Veff| Z 0.1

[Fadin, Khoze; 1987]

* Higher orders up to NNLL [Hoang, Reisser, Ruiz-Femenia; 2010]
[Beneke, Jantzen Ruiz-Femenia; 2010]

QCD near threshold: Voo KL 1

3scales: my > 5 ~ myv > B ~ mtv2 (~ ¢ > Aqcp)

“hard” “soft” “ultrasoft”

Problems: * “Coulomb singularities”
* Large logs
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Heavy quark-antiquark threshold

Problem of Coulomb singularities:

WC AL, - L, - L -

-~ ~ Qg /v ~ (as/v)? ~ (as/v)?

Production threshold: | as ~ v ~ 0.1 | = breakdown of perturbation theory

Solution:

Nonrelativistic effective field theory — |vNRQCD

— summation of (as/v)" terms using Schrédinger Equation !




vNRQCD

Problem of large logarithms:

3scales: my > 5 ~ myv > Epin ~ mtv2 (~ e > Aqcp)

“hard” “soft” “ultrasoft”

—> Logs: 1n<r|2_22)7 111(2—22), 1H<IE)—§) e.g. asln(g—j) ~ —asIn(v?) ~ 1

Solution:

Two renormalization scales: | lls = MV, [, = mv?| — |[“v’"NRQCD
[Luke, Manohar, Rothstein; 2000]

IV “subtraction velocity”

— RGE'sresum [as Inv]", agas Inv]", a2 [as Inv]" ... terms

LL NLL NNLL
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vNRQCD

» Nonresonant dof’s integrated out, e.qg.:

QCD vNRQCD

& > + Olv)
¢ \ V.
N

“potential” gluon

* Resonant dof’'s — fields in the vNRQCD Lagrangian:

nonrel. quark:  (E,p) ~ (mvZ, mv) Yp(x)

soft gluon: (9o0,q) ~ (mv,mv) Aq (x) N\ '\ '\ N\
ultrasoft gluon: (qo,q) ~ (mv3,mv?)  A(x) 0000000

» Systematic expansion in v = consistent power counting in v ~ a;
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vNRQCD

LVNRQCD — Lusoft + »Cpot + ['soft

[Luke, Manohar, Rothstein; 2000]

DH = OF + ight (x)

Lisoft @b};(x)[iDO _ % + ,]¢p(x) + ... %
Lpot . V w:)/pri /X_p + ...
V 7T Ve(p™+ Vs
Voo %oq Yty Yleote) vy Vg2 g
Looft HL%;

27.09.2011

Maximilian Stahlhofen - University of Vienna

RADCOR2011 - 10



vNRQCD

£VNRQCD — Eusoft + »Cpot + ['soft

Lysoft w;(x)[iDo — % + ...}@bp(x) + ...

['pot: T V w:)/prip/X_p + ...

12
V o~ Y _|_Vk7T +Vr(p2+p)_|_ —|—VSS2—|—...

2m?2k?

Production/annihilation current (3S,):

®< ~ @)+
N——

hE(io2)x*

[Luke, Manohar, Rothstein; 2000]

DH = O 4+ ight (x)

:

(CMS)
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Renormalization

oot O OO |

27.09.2011

2

2. Im

- Im

/d4X equ <O’ TJeff*(X>J1efr(0) ‘O>}

:G(O, 0, E, V)] +...

LO SG: [—

v

GNNLL known v [Hoang, Manohar, Stewart, Teubner; 2002]

[Pineda, Signer; 2006]

GNNNLO khownv'  [Beneke, Kiyo, Schuller; 2007]
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Renormalization

Otot 7~ |C]_(V)|2 . Im [G(O, O, E7 V)i| —l— « o GNNLL Lnown v

current

renormalization m

\

0] = gt e e+

N~
° N K
[Luke, Manohar, Rothstein; 2000]

[Pineda; 2002] [Hoang, Stewart; 2003] [Hoang; 2003]
v

missing
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Renormalization

Otot ™ ‘ ‘2 - Im [G(Oa Oa E7 V)} + ... GNNLL known v/

114 n—

12 NLL+NNLL .,
110 1 Missing NNLL, . contribution
cilv] 108 5o ° may reduce th. error of Tt ?

i1l 1.06 P 6% :

- - = V() | needed !

14 T ———— ]

1.02+

JjooL ]
0.1 0.2 0.3 0.4 0.5




Renormalization

| 0 B VC(V) VC(V)
NLL: V@ Infc;(v)] = — 1672 4

+Vo(v) + V() + 8% Vs(v) | + %Vk(u)

soft ultrasoft
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Renormalization

0 Ve(v) [ Ve(v) ) 1
NLL: Vé;hﬂ | = 162 | g +lb@d+)ﬂyf+8'%@0-+§VMu)
NLL corrections
soft ultrasoft
* known soft e dominant: as(mv?) > as(mv)
contributions small NNLL

* large contribution to &

B 000 007
800" 000,

nonmix

[Hoang; 2003]
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Renormalization

A

NLL: V%ln[cl V)] = —1;%(:2 [VCiV) S? Vs(u)] + %Vk(u)

Two usoft |OOpSZ renormalize

* Feynman gauge
« MS, dim. reg.
* O(103) diagrams

A 24 A
KX A
ZO2P5EN

= [6V7pP 85, pNL(y)

[MS, Hoang; hep-ph/0611292]

8 PRI A
24 R XA
KXE AR

28 4
XX
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Renormalization

a VC VC
NLL: v Infe (0] = = 16(;2) [ iy) £ Va(v) + Vi (v) + 82 VS(V)] "
Two usoft loops: renormV7

1 x potential (finite)

* Feynman gauge
* MS, dim. reg.

0O(10%) diagrams

0
g
:

Generation:

own Mathematica
code

Integrals:
_ 5VEIOOP ; VL\ILL(V) [MS, Hoang, 1102.0269 [hep-ph]] IBP & partial frac.
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Results

RGE’s + matching at hard scale (v =

NLL

[Vz( )} o = dmas(my) {——

NLL - as (muv?
[Vr(V)} usoft 87T045(ml/> [_‘g_oAr In OCs((mV))
V)M = 202 (my) [——A I Qs(m) (B—;Ak — [as(mp?) — ag(mv)] S_WBk)'
usoft S as(mv) B > > B i
As ] A
[BE_ZCF(CA_2CF)[B] A:i
4]-ea] .
B, | ~ B
e A 5 _ Ca(47 +6m%) — 10nT
[ . | = CACH(Ca- 2CF>[ B] N 10872

1) give:

LL NLL

as(my )
as(my)

- (%Ar — [as(m?) —as(mv)] SB_WBJ:

[ag(mu?) — ag(mv)] 86—7582)}

[MS, Hoang; 2011]
[Pineda; 2011]




Results

1.14,
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Results

1.14;

1.12
1.10
1.08
1.06
1.04

1.02} NLL

1.00

[ —_----
| oy
-~
[

[MS, Hoang; 2011] |
NLL+NNLL |

nonmix

NLL +NNLL

nonmix mix,usoft

01

03 04 05

vV

02

* large usoft NNLL contributions compensate each other!

e good convergence:

= 1— 0.096‘|\||_|_ — 0.029’NNLL




Results

14 01 <y <04

o (pb)
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Results
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Results

I4° 01<v <04

12} /b's '

1.0+

0.8+

o (pb)

0.6

04+

NNLL _ ¢NNLL NNLL ]
0.2 § = &usoft T X8eoft 5 0 <x <2

0.0 I I I | I ! ! | I I I | | I I
340 342 344 346 348

Vs (GeV)

* known soft NNLL contributions small

* detailed error analysis (incl. EW effects, variation of matching scale, ...) = WIP
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Summary/Outlook

precise Mg, Vi, O, [ from Otot(e+e_ —> tf) at threshold
Ttot ~ | % Im [G(0,0, E,V)} + ...

G(0,0,E, ) known up to NNLL v EW conributions up to NNLL v

New NNLL . .o COMpensates for large NNLL contribution to

nonmix

th
— 0% decreases substantially! — RG Improvement important!

O tot

Outlook:
— Detailed error analysis for Utot(e+e_ — 1 f) at threshold

— Determination of bottom mass from nonrel. T~ sum rules




Backup

V,+V
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Backup
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