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OutlineOutline

GoalGoal: NLL description of at threshold

SPS5SPS5

mSugramSugra scenario with
relatively light scalar top quark

SPS1aSPS1a
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OutlineOutline

GoalGoal: NLL description of at threshold

Threshold scan

Fit to total cross section
lineshape

Improve theoretical uncertainty

Precise determinations of
stop width, couplings, ...

N. Fabiano
talk by H.Nowak at ECFA Durham 2004  
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OutlineOutline

GoalGoal: NLL description of at threshold

TheoreticalTheoretical setset--upup

This talk

QCD effects - is a non-relativistic system
- EFT methods vNRQCD for scalar fields
- consistent matching, running...

Electroweak (SUSY) effects
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- finite width
- phase space effects ...



Stop Stop PhysicsPhysics atat ThresholdThreshold

In the threshold region stop quarks move at small velocities
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pQCD series has terms

count               as LO

perform expansion in 

resummation of leading
terms achieved by means of
a Schrödinger field theory

NRQCD Caswell, Lepage
Bodwin, Braaten



LearningLearning fromfrom TopTop PhysicsPhysics atat ThresholdThreshold
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large NNLO correction

scale dependence large uncertainty in normalization of cross section

Hoang,Teubner; Penin et al; Melnikov et al.
Beneke et al; Sumino et al; Yakovlev et alfixed order scheme

NRQCD matrix elements,

For example:



LearningLearning fromfrom TopTop PhysicsPhysics atat ThresholdThreshold
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For heavy pairs we need the scalar version

Hoang, Manohar, Stewart, Teubner
RG improved computations

log terms summed into coefficients
through RGE
reduced scale dependence

vNRQCD
EFT for NR heavy quark pairs
consistent power counting in 

Luke, Manohar, Rothstein;
Hoang, Stewart



EffectiveEffective TheoryTheory Framework Framework 

Scales in the non-relativistic system

hard soft ultrasoft

Split heavy squark 4-momentum
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EffectiveEffective TheoryTheory Framework Framework 

Recall HQET:

hard modes integrated out

Resonant modes in the EFT

soft modes

potential modes

ultrasoft modes
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vNRQCDvNRQCD
Luke, Manohar, Rothstein; Hoang, Stewart
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velocityvelocity RenormalizationRenormalization GroupGroup

Correlation of scalesTwoTwo kindskinds ofof in in vNRQCDvNRQCD

ChoosingChoosing thethe renormrenorm. . pointpoint allall logslogs are are simultaneouslysimultaneously smallsmall

logslogs resumedresumed in in thethe Wilson Wilson coefficientscoefficients ofof thethe EFTEFT
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vNRQCDvNRQCD –– MatchingMatching

Coefficients in                     are functions of renorm. parameter

Matching with QCD at the hard scale

OnlyOnly assumesassumes thatthat
isis smallsmall

No No largelarge logslogs inin
matchingmatching conditionsconditions

NNLO matching for
scalar quarks

Coulomb potential to

suppressed potentials at tree level

soft vertices at NNLO

Peter, Schröder
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vNRQCDvNRQCD -- RunningRunning

Running couplings

compute anomalous dimensions
of the EFT operators

soft loops ultrasoft loops

Matrix elements of the EFT

Correlation of scales

This work:
1-loop running of
squark potentials

Running from to sums large logs

The scaling of the obtained using the vRGE
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RunningRunning PotentialsPotentials: : An Example

= finite!

relation between renormalized and bare Wilson coef.:

RG RG improvedimproved CoulombCoulomb pot. pot. givengiven by by choosingchoosing
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RunningRunning PotentialsPotentials

vNRQCD running

'naive'            running

Match potential at
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ProductionProduction of of HeavyHeavy ScalarsScalars

P-wave current (NLL) 

MatchingMatching withwith sQCDsQCD atat NLONLO

EvolutionEvolution ofof atat NLLNLL

anomalous dim at two-loops solve the renormalization group eq.
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NLL NLL RunningRunning ofof Wilson Wilson CoeficientsCoeficients
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Outlook Outlook 

vNRQCD allows for RG-improved computations
of bound state energies and

Complete NLL analysis of at threshold
on the way

Wilson coefficient

Coulomb Green´s function

Next step: EW effects ...
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BuildingBuilding up up thethe EffectiveEffective TheoryTheory -- vNRQCDvNRQCD
Luke, Manohar, Rothstein; Hoang, Stewart

ExampleExample:: tree-level 2-point function in momentum space
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InteractionsInteractions withwith SoftSoft GluonsGluons

Off-shell modes
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PotentialsPotentials in in vNRQCDvNRQCD

SquarkSquark--antisquarkantisquark scatteringscattering interactionsinteractions
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11--looploop PotentialsPotentials

+ + + ... - - ...  =
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PowerPower countingcounting in in thethe LagrangianLagrangian

velocityvelocity scalingscaling ofof thethe fieldsfields
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PowerPower countingcounting –– Loops in the EFTLoops in the EFT

ultrasoftultrasoft loopsloops

potentialpotential loopsloops

softsoft loopsloops
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PowerPower countingcounting –– General formula  General formula  
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general general diagramdiagram isis ofof orderorder
Luke, Manohar, Rothstein

SomeSome examplesexamples::

Coulomb potential QED Lamb shift

each Coulomb pot. gives

must be summed up
to all orders in      !



TheThe vNRQCDvNRQCD LagrangianLagrangian in D in D dimensionsdimensions

RegularizeRegularize thethe EFT inEFT in

TwoTwo kindskinds ofof in in vNRQCDvNRQCD
Correlation of scales
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RunningRunning PotentialsPotentials: : Mixing

vanishesvanishes atat thethe hardhard scalescale , , butbut isis generatedgenerated by by mixingmixing
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OtherOther operatorsoperators generatedgenerated by by usoftusoft renormalizationrenormalization



NLL NLL RunningRunning ofof Wilson Wilson CoeficientsCoeficients

LL LL valuesvalues ofof 44--squarksquark potentialspotentials neededneeded forfor atat NLLNLL

vRGEvRGE::
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