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Parton showers vs. SCET

@ Both parton showers and SCET claim to be
correct limit of QCD in soft/collinear limit

@ Both resum large logarithmic terms
@ There are many obvious similarities

@ Many things seem different

What is exact relationship?
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Similarities

@ SCET at leading order reproduces AP splitting functions

@ Strongly ordered limit p; « Pz « ... « Yt interference
effects in SCET cancel

@ Product of splitting functions

@ Double logarithmic dependence present in both SCET
and Parfon Showers

Much of this discussed in earlier work with Matt
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Differences

Parton shower SCET
Has 2 scales Knows about 3 scales
(fs’rar’r, fend) (IJH, IJJ, IJS)

Only uses collinear limit Knows about soft

function
Simple products of AP Needs convolutions
splitting & Sudakov between functions

Point of this talk to reconcile the two approaches
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Why do we care?

@ Corrections to parton shower

@ In SCET NLL and power corrections tractable

@ Should give insight how to implement in parton shower
@ Match parton shower with fixed order calcs

@ Short distance physics included in SCET by matching

@ Should tell how to do do same for parton shower

@ Pure curiosity how both describe same limit of QCD
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Outline

@ Explain how parton shower works
@ Constructing physical observables

® The SCET result and potential conflicts

® Absence of convolutions

@ The effect of soft running in SCET
® Comparison with previous work
@ Some preliminary results

® Conclusions
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How a parton shower
works
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The parton shower

Consider at most one splitting

el

Por(t,2) Por(t,z)  Prb(tstart, tend)
@ Need 3 variables to describe single splitting (2+¢)

@ Two non-trivial variables usually chosen as

@ t: evolution variable
@ z: splitting variable
@ Need to know where shower starts and ends (tstart, tend)

How are the probabilities calculated?
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The probabilities

tstart

To preserve jd'l' de Por(t,z) + Prb(tstart, tend) = 1

probability, ™ or
need de pbr('l':z) = d/df pnb('rs’rar’rfl')
To LO in PT want Pu(tz) = AP(t,z) + O(xs)

pbr('l',Z) = Ap('l',Z) A(fsfqrt,f)

Solution given by
BT art Tond e A(Tstart, tend)

tstgrt

At start TeraR= exp{-i]: rd’rJ' dz AP(’r,z)}
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The probabilities

2

AP(t2) Vi XK
t 1-z

Pythiaé: t = p?

Pythia8: t = pr°

Herwig: t = E4(1-cosO)

This depends on
the parton shower
What are the correct limits of integration on z?

Want parton shower to Zmin = Zmin(t)
cover all phase space Zmax = Zmax(t)

Best understood by considering an example
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An example: Pythia6

Phase space limits for first emission

AP splitting has correct singularity if t+—0, but
half the singularity if (t—0,z—1)
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An example: Pythia6

In reality, there are two possible splittings
(quark and antiquark)

Full singularities
reproduced, since
double singularities
IS half in each
case

1/2
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Constructing physical
observables
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The exclusive 2-jet cross-section

1. Calculate the thrust
axis of an event

2.Calculate the
Invariant mass in
both hemispheres

3.Keep all events
with mi?, mr? < teut

Resulting cross section 02%%\(tcus)

Christian Bauer SCET 2010, 4/7/10 crcerny] ‘91

Wednesday, April 7, 2010



The exclusive 2-jet cross-section
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The exclusive 2-jet cross-section

1. Running shower from tsiart = S 10 tend = tcut
2.Keep all unbranced events
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More general observables

~
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More general observables

1. Run shower to
smallest required
value of t

2.5um over all
branched events
outside region

3.Add to unbranched
events

Any IR safe observable can be implemented
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The SCET result

~
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The Issues

do, (tcut) —

n

By Hy (1w \Un (o, p) P [H Ji(pg) & Ug(ps, u)}

What happens to
running of soft
and jet function?
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The SCET expression

The well known factorization formula is

SCET
dos

dO'() ~

(tcut> = TJA H2(Q7 QMUJ) /dki'_dk;_ <7q(tcut - Qki'_nu)‘]q(tcut _ Qké‘_a:u) S2(ki|_7 k‘;nu)

d(2 df2

We are using the integrated jet function

~

T = [ atat.w

kit~ t.4+/Q  The Born cross section is
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The SCET expression

The well known factorization formula is

SCET
dos

dO'()

(tcut> = TJA H2(Q7 QMUJ) /dki'_dk;_ <7q(tcut - Qki'_nu)j/q(tCUt - Qké‘_a:u) S2(ki|_7 k‘;nu)

d(2 df2

Summing large logarithms

@ Find scales pu, U3, Us, where no large logs in H, J, S
@ Use RG to evolve each tferm to common scale U

@ To LL can use tree level expression for H(un) , J(U3),
S(Us)

Go through each of these steps...
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The scales In SCET

The one loop expressions are

(Pl
ki /

No large logs at the scales

HZZM%:QQ MQZU?Ntcut
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The RG equations

d
u@%(@, Q, 1) = VH, (Q, ) H2(Q, Q, 1)
d

P

J(t, p) = /dtwt—t W) J (', p)
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Tree level expressions

Makes convolutions trivial
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Solutions at LL

Hy(Q, Q, 1) = exp [Kp, (pm, 1))

~

J(t, 1) = 0(t) exp [K(pr, p)]

So(ky s kg 3 1) = 0(k7)d(ky ) exp [Ks, (ps, )]

with functions

LL in exponent

LL in X-Section
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Putting it together

Choose the renormalization scale Py = U,

dO‘Q

— d—Q exp [KH(ILLH,,LLJ) + KS(,LLS,,LLJ)]

Convolutions have disappeared, because tree level
expression almost trivial

But still need running of soft and hard function
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Correlation of scales

KH(:“’H?/-LJ)

KS(M%/MH? /LJ)
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Comparison with Parton Shower
SCET result

Parton Shower result

O-QXCI('l'cuf) = BZ AZ(SI.I-CU'I')

Agreement if

How is this reconciled with previous results?
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Comparison with previous work

Running of Wilson
coefficient

Solution well
Known

Compare to NLL e
Sudakov factor T
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Comparison with previous work

Gave us final result

I12(Q, 1) = AP (Q, 1) AM(Q, )

In notation of this talk:
Az(s,'l-cu'l') = €XP[KH(S,1'¢u+)]

This work gives

A(s,teut) = explKu(s, teut)]

Factor of two from additional soft running
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Comparison with previous work

Go back to definition of NLL Sudakov factor

I T2 dT,
— 0
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Comparison with previous work

Go back to definition of NLL Sudakov factor

z-limits we Pythia is using:

t U
or expanded . < 2 ‘

Square root is changing double log by factor of two
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The evolution variable of Herwig

NLL Sudakov very similar to Herwig Sudakov

As mentioned before, angular ordering (not pr)
t = EZ(I-COS@)

Angular variable can not be resolution variable

\

Herwig uses gluon (and quark) mass to regulate IR
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The evolution variable of Herwig
At NLO, find for 02(mg)=0tot-JdO3

2 2 2
m m ) m
21n2—9+61n—9+9—i+0<—9

Q* Q* 3 Q°

¢ t 272 ¢
Aln? 2% 4 G < —|—2—i—|—0(£;2t

Q* Q* 3

Double logs differ by factor of 2

Final expression for observable will again agree
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Preliminary Results

With a; Running, Q = 1 TeV (Blue), 200 GeV (Red)

NLO 200 GeV
NLO 1 TeV

LL 200 GeV
LL1TeV .~

® Pythia 200 GeV
® Pythia 1 TeV
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Preliminary Results

With @5 Running, Q = 1 TeV (Blue), 200 GeV (Red)
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Things I did not talk about

@ Kinematical logarithms

@ How to resum logs of ni°n; in soft function?

@ Proof that parton shower will get LL right for any
observable

@ Extensions to higher jet multiplicities

@ Momentum reshuffling, power corrections etc
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