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MOTIVATION
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e Fixed-order: NLO QCD + EW, NNLO QCD
Matching parton shower to fixed-order calculations

Merging several matched calculations for different jet multiplicities

Current parton showers have only leading colour and leading log accuracy

Improve parton showers by including
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NAGY-SOPER PARTON SHOWER

e Cross section for an observable F:
U[F]fz /[d{/m fiml (MHp, Frm)IF({p, f}m)| M({p, f}m
° Quantum density matrix:

p({p, f1m) ~ [M{p, f}m)) (M({p, F}m)l
e Parton shower evolves p with a unitary operator U(te, to)

dU(t, to)
dt
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NAGY-SOPER PARTON SHOWER

e Evolution operator:
tr
Ultr, to) = N(tr, to) +/ dr [Hi(7) — Vs(7)] U(r, )
to

e Sudakov form factor:

N(tr, to) = exp (- /tF i vE(T)) L V() = Ve() + Vs(t)

to

Exponentiation of full colour is non-trivial

e Exponentiate colour diagonal part Ve(t) to all orders
e Treat colour off-diagonal part Vs(t) as perturbation

e Expectation value of observable F including shower effects:

olF] = (Flp(tF)) = (F|U(tr, to)|p(to))



FEATURES OF NAGY-SOPER SHOWER

Splitting functions are different from Altarelli-Parisi

e Massive initial state charm and bottom quarks

Designed to include spin correlations

. and full colour in the evolution

Ordering parameter A,
2 _ |(Br £ Pmi1)” — m*()]

2
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Q2 2p - Q@
e PDFs evolved according to PS splitting functions

Q2

@

e Global momentum mapping
Public code: DEDUCTOR

e LC+ approximation
e Full colour for collinear and soft-collinear limits
e Shower can start from subleading colour configurations

e Spin-averaged evolution
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MATCHING FULLY INCLUSIVE PROCESSES

Quantum density at next-to-leading order:

)= 1) + D)+ 10%) +0(ad)
—— —~— ——
Born, O(1)  Virtual, O(as)  Real, O(as)

X Double counting:
(FIU(te, to)lp) =~ (Flp) + /t " dr (FI [H(7) = V()] 6D) + O(ed)

e Modify the Quantum den5|t¥ matrix (Mc@NLO)
1p) = lp) — / dr [Hi(r) = V(7)] 16 + O(?)

to

e Matched differential cross section:
1
o[F] = /[d‘l’m](FlU(tnto)|¢m)(¢m| {Ip(n?)) +1o2) + }

1
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MATCHING FULLY INCLUSIVE PROCESSES

e Shower kernels define subtraction scheme (tr — 00)

/oo i) =38, /oo d7d(r ~ 0)6(r ~ ) 3 0(1 ~ )

to
/ d’TV Z / dF,S,@(t, = to) = |(to) + K(to)
to
e Matched cross section including shower effects:

51F) = 7 [ [9@al(FIUte, )[0)
1

T /[d¢m+1](F|U(tF, t0)|®m 1)

= (Pm|p)) + (Om|p)) + (Sm|I(t0) + K(to) + P|pl)

= (Pmialpiohs) = D (Pmia[SiloR)O(t — to)
!

e Matching in two steps: generation of and
e Application of U(te, to) 10



MATCHING EXCLUSIVE PROCESSES

X The problem:

o Missmatch with the naive approach:
_ 1 ~ &
olF] = — /[d‘bm](FlU(tF,to)|¢m)(4>m S)Fi({p, f}m)

(T/[d¢m+11(F|U(rF,ro)|¢m+1)< et H)F({p, Flm1)

e Expanding the evolution operator:
_ 1 A &
1Y ~ = [100al(FIOn)(®nl [162) + 6) + PIoD)] Fil(,F})

+ % / [dPmi1](FIU(te, t0)| Pomss)(Prmia | o ) Fi ({py Fhmsn)

[dq)m] d(Dm 1]
ml (m+1

/ A7 (F[® 1) (Poni [Hi (7) | ®1)

X ((D/H‘/'m ) {Fl(lp-fj'm) ( P; f}m 1) +O(a5)
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MATCHING EXCLUSIVE PROCESSES

v~ The solution:

e Modifying the subtraction terms:

(Omi1|H) = (Pmia|H) = (Omirlof 1) =D (Omr1Si|D)O(ti—to) Fi(Qi({p, F1ms1))

I
where Fi(Qi({p, f}mi1)) = Fi({p, f}m) and Q is inverse momentum mapping.

e Expanding the shower again:

SIFIPS ~ o™ +/ [d®nm] [dPmi1] / d7(F[Pmi1)(Pmia[Hi(7)|Pm)

m! (m+1)!

X(q)m‘/)m)[lfF/(lp flm 1)] /(1;).)?},,) ( )
e Double counting is removied if [1 — F;({p, f}mi1)] F({p, f}ms1) =0
Fi({p, f}ms1) =1 for Fi({p,f}m+1) #0

Generation cuts more inclusive than the cuts on the final observable
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RESULTS: pp — ttj + X @ LHC




pp — ttj+ X @ LHC

NLO calculations:
NLO+PS using POWHEG method

Setup
o /s =8TeV, m =173.5 GeV, in PS: m, = 4.75 GeV, m. = 1.4 GeV
e MSTW2008NLO PDF sets, in PS: provided at ur =1 GeV

pT"(j) > 30 GeV, pr(j) > 50 GeV, |y(j)| <5, pr = pr = m;

anti-k7 jet algorithm with AR =1

LC and spin-averaged shower evolution, full correlations in the subtraction

Top decays, hadronization and multiple interactions are not included

e Shower initial conditions:

_ . [ 2pi-pj .

ty ! J

e =min =1 for central prediction
i#j { 15 Q2 } r P
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PERTURBATIVE UNCERTAINTIES
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v Scales: m¢/2 < pr,F < 2m;
v PS initial conditions: 1/2 < ur < 2

X Non-perturbative: Hadronization, Multiple interactions...
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COMPARISON

WITH OTHER MC GENERATORS
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v~ Comparison of different generators, matching schemes and showers

v Good agreement for inclusive NLO observables
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COMPARISON WITH OTHER MC GENERATORS
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X Strong dependence on initial conditions for LO observables

v HELAC-NLO+DEDUCTOR and aMC@QNLO+PYTHIAG6Q preserve NLO high
energy predictions
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SUMMARY

Already done:

NLO matching scheme for Nagy-Soper parton shower (MCc@NLO)
Implementation in HELAC-NLO framework (LC & spin-averaged)
Study of ttj production at LHC using HELAC-NLO+DEDUCTOR

Comparison with other MC generators
Has to be done:

e In DEDUCTOR

X Resonance decays

X Hadronization model

X Full colour evolution and spin correlations
e In HELAC-NLO

X Full colour and spin-correlated matching scheme implementation
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TOTAL CROSS SECTIONS - pp — ttj + X

+5.10 ( +6%)
o™ = 86.04 —11.41 (—13%) pb

HeLAc-NLO+DEDUCTOR

oNLOTPS — gg 11 1438 (£5%) [scales] "% (+1%) [PS time] pb

—10.88 (—13%) +2.17 (+3%)
aMc@NLO+PYTHIAGQ
NLO+PS +8.95 +114>
o = 84.85_1375 (_16%) [scales] pb
aMc@NLO+PyYTHIA
NLO+PS +8. 44 +9%)
o =89.55_ 541 (_17%) [scales] pb

PowHEGH+PYTHIA

O_NLO+PS 39. 12+26 .22 (4+29%)

“6.06 (_10%) scales] pb
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(GENERATION CUT DEPENDENCE

cut

Generation cut: pr(ji1) > pT
Analysis cut: pr(j1) > 50 GeV.

P [GeV] | o, 0 [pb] | €[]
5 86.51+021 | 2.4
10 86.26 £0.17 | 2.0
15 86.22+0.14 | 16
30 86.11+0.13 | 15
40 86.01+0.08 | 0.9
50 84.58+0.07 | 0.8
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CHOICE OF tg
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Choose 1 =1 to recover the NLO prediction
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