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Outline:

B State-of-the-art theory: MC@NLO & Powheg
[with a very broad brush]

B Inclusive observables

B Top-Anti-Top transverse momentum

B Leading jet rapidity

B End
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Powheg: hardest emission xX-sec

B Generate Born config. &g using NLO ®dgp xX-sec:

dos = B(®g) dds

B The hardest emission generator acts on it ...

# Kinematics of 1lst emission determined by
modified Sudakov f.f. [A ., ] & full real x-sec:

Pr) R (95 Praq) dPrag
B(®3)

dogﬁg‘ =dos *A

pwel

[Nason 2004, Frixione Nason Oleari 2007]
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Powheg with damping

Pr — PTmax, F — 0O
pr— 0O, F—1

B Powheg with damping {

(I)rad) F ((Dra.d) dq)ra,d
B(®3g)

+ R (P Prag) *[ 1 -F (Prag) ] APraa

| Still +ve wgts [F & 1-F is +ve], still NLO accurate




MC@NLO: hardest emission x-sec

Broad structure similar to Powheg w.damping

do % = dopiés'*Ap.s.(pT) Bps(Pp Praa) gqp,,4

mec@nlo B ( (DB)

soft / shower ‘S’ events

+ [R ((I)B ,(I)ra,d) - Rp,s,((DB ,(I)Pad)] dPrag

hard ‘H’ events

[Frixione & Webber 2002, Frixione Nason Webber 2003]
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tt production analysis

B MC study focusing on production at 8 TeV
B Tops not decayed

Powheg+HW, MC@NLOv4.03, fixed order NLO tt+j
& Powheg+HW w.damping turning on at pr= 400

B All plots show 7 pt. scale variation band for one MC

B Fastdets: anti-kt, R=0.5. CTEQ 6.6

B Confirms previously known results but still consider
these preliminary

NLO tt+j from Alioli, Moch, Uwer
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Inclusive observables

top
do/dn; [pb] do /dpy™ [pb/GeV]
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il MCQ@QNLO —— F" : — ]
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Tt prP[GeV]
M Inclusive obs: all is good & agrees with ‘pure’ NLO

B Deviation seen for low, low, prtop  « 220 ggzzgg&;gg;;gggg@g
M Pure NLO lies in middle of MC@NLO & Pwg down there
B Deviation is small
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tt pr spectrum : ATLAS arXiv:1207.5644
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M Signal is MC@NLO, W/Z+jets bkg from Alpgen with HFOR

M Limited statistics for high pr here. Very nice agreement.
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tt pr spectrum : comparing MC@NLO and Powhes
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do /dpr [pb/GeV]
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do /dpr [pb/GeV]

100 [ ®a

PWG ——
MCQNLO +—=—

100 200 300 400 500 600 700 800
tt
Pt |GeV]

LO & Pwg agree well taking MC@NLO unc. band

B MC@NLO & Pwg not agreeing at high pr taking Pwg
uncertainty band ...

B Pwg band size flat in pr: scale compensation everywhere
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Powheg: scale dependence

B By def. Powheg ‘k-factor’ spread over full sample:

J

o = 0 < (pr) B@ 0w o,
B(®P3p)

B Problem: if yg & ur variation restricted to dos , all

evt. wgts. have [same] NLO scale compensation.

M Solution: do scale variation with the damping on:

dogiyy =050, (o) R(D2Du) 7 (ruc) A
: B

+ R (P Prag) *[ 1 -F (Prag) ] dPrag
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tt pr spectrum : Powheg vs. Powheg with damping

do /dpr [pb/GeV]
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do /dpr [pb/GeV]

PWG damp ——
MCQNLO +—s—
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tt
Pt |GeV]

M Left: Powheg no damping [as last slide]

M Right: Powheg w.damping

M Powheg band looks very similar to MC@NLO’s
M Pwg error band now reaching out to MC@NLO at high pr
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Why is Powheg above MC@NLO at high pr?

B By def. Powheg ‘k-factor’ spread over full sample:

J

pr) B (_(I)B’(Dra‘d) dPrag
B(®P3p)

do e =dos * A

ng(

# MC@NLO has ‘k-factor’ just on shwr emission evts:

J

do

mc@nlo_

+ [R ((I)B ,(Drad) - Rp,s,((DB ,(Dra,d)] dq)ra,d
B All those basically live below pr ~ mt; ~ 400 GeV
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crude diagnostic: k-factor on ‘H’ events

do /dpr [pb/GeV]

PWG ——
MCQ@NLO +—=—

CD.O'H—\.
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M Left: Powheg no damping [red] and MC@NLO [blue]

B Right: as on left but MC@NLO ‘hard evts’ rwgtd by k-factor

B Same differences and same explanation tendered for

[and accepted for] the case of H pr spectrum.
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tt pr spectrum: comparison to NLO tt+jet

do /dpr [pb/GeV] do /dpr [pb/GeV]

MC@NLO —— o PWG ——
NLO tt+jet —e— - " NLO tt+jet —e— -

100 200 300 400 500 600 700 &00 100 200 300 400 500 600 700 &00
tt tt
i |GeV] Pt |GeV]

Both MCs agree w. NLO tt+jet up to scale uncertainties
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tt pr spectrum : notes

B Powheg & MC@NLO agree v.v.well up to moderate pr

B At high pr Powheg is harder due to the NLO ‘k-factor’
being spread out to high transverse momentum

B MC@NLO has a good scale uncertainty band

B Powheg needs damping switched on [trivial] or
else scale dependence underestimated at high pr

B MC@NLO and Powheg in agreement with NLO tt+jet
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Ay of jet w.r.t tt: comparing to NLO tt+jet

do/d(y; — yi) [PD]

12 + i

MC@NLO +——
NLO tt+jet —e—

Yi — Yu

do/d(y; — yiz) [PD]

L pl > 50

- PWG —— -
S NLO tt+jet —e— ==

Yi — Yu

B Interesting obs. for parton shower people

B Probes generation of wide angle emission w.r.t beam in

tt+j rest frame: difficult region for showers [dead zones]

B y; - yit > O is perpendicular emission w.r.t beam
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crude diagnostic: k-factor on ‘H’ events

—=]
I—!E

=S
— MCQNLO K*H —e—

M Left: Powheg no damping [red] & MC@NLO [blue]

B Right: as on left but MC@NLO ‘hard evts’ rwgtd by k-factor
M k-factor [1.5] on ‘hard evts’ makes almost no difference
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crude diagnostic: k-factor on ‘H’ events

do/d(y; — yi) [PD]
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B Left: Powheg no damping [red] and MC@NLO [blue]

M Right: as on left but MC@N]

LO H-events rwgtd by k-factor

M For higher prjet H-events contribute almost exclusively

in the centre = k-fac. * H-events agreeing w. Powheg.
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Ay of jet w.r.t tt : notes

B This obs. has most noticeable difference between
Powheg & MC@NLO

B It’s particularly sensitive to wide angle emission

M Difference at high jet pr mainly from ‘k-factor’ in
Powheg at high pr ; where MC@NLO has its ‘hard’ evts

B Difference at low jet pr cuts stem from limitations in

shower’s description of wide angle radiation
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Rapidity of leading jet

do/dy; [pb] do/dy; [pb)
16 : 18 :
141 pr>50 e TR | 16 L pr>50 T
o | s — 10 L .—_ e
6L ._._.E 'jz'l___' 2 i - ey
T MCGNLO —— gL o= PWG — =
(2) == NLO tt+jet —s— e g EE NLO tt-+jet Eﬂ:

B Features feed down to Yiet

B They’'re somewhat washed out by decorrelating from yit

M ] talk about this as it’s a possible explanation for the
ATLAS gap fraction analysis. I may be wrong.
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ATLAS gap fraction analysis [EPJ C72 204 3]
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B # evts w/0 jets of pr>Qo + total # in rapidity window
B MC@NLO slightly low central jet activity
® But no MCs looking so good for 1.5<|y|<2.1
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ATLAS gap fraction analysis [EPJ C72 204 3]
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B Qsum =), PTjet determining what a ‘Gap’ in this case
B Probes emissions beyond hardest i.e. shower ones
B Pwg+Pythia agreeing with Pwg+HW [& data]

B Suggests truncated shower unimportant
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Summary

Agreement of MC@NLO & Pwg is generally excellent
Differences where they exist are formally NNLO

Powheg needs damping on to give reasonable scale
uncertainty at high pr [recall pr i >~300]

MC@NLO troubled by wide angle radiation pattern in

the shower

Truncated shower for Pwg+Hw remains irrelevant but it

may not always do: substructure, top mass?
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Outlook

otate-of-the-art MC moves quickly: this talk could be

irrelevant in O(months)

Differences will be addressed by theory but not directly

Sherpa & aMC@NLO will soon merge NLO MCs of
different jet multiplicities e.g. NLO+PS tt & NLO+PS tt+]

Issues we have seen in scale uncertainties, Viet-Vit, Niets
are directly mitigated to yet higher orders.
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Coftee: 10.40-11.10




Truncated shower effects%

B When POWHEG gives a real emission according to
the NLO calculation it’s supposed to be the hardest.

B S0 In general you just veto emissions from the
shower with pr > pPrrownEG

t

pr vetoed shower POWHEG real
emission

OO ¥ H0000

("

B But if the shower is A.O. then the shower should also
try to include ‘earlier’ soft wide angle emissions

[ Nason 2004, KH, Richardson, Tully 2008]
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Truncated showers: high ma.ss clusters

|. Hard Process

2. Shower evolution
3. Gluon splitting

From M.Mangano

Monday, 17 September 12

4. Formation of
“even’” clusters
and cluster decay
to hadrons

5. Formation of
“odd” cluster

6. Decay of “odd” clusters, if
large cluster mass, and
decays to hadrons




Decays

Powheg and MC@NLO handle LO top decays including

spin correlations in the narrow width approx.

B Pythia 8

, HW++ and Sherpa can generate ME corrs. to

these input LO decay configurations

B If the M]

H-corrected emission is hard spin correlations

will be lost, otherwise they’re intact

B C++ shower MCs account for the top mass and b mass in
showering --- in old HW at least, this was a, bit ... fudgy

B In progress: Pwg NLO spin corrs+decays [Ellis, Nason]

B PowHel [Kardos, Trocsanyi et al.] implemented Powheg

for pp—=W*Wbb (!). Interface to shower needs study.
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Exclusive jet x-secs: Alpgen & MC@NLO

I | I I I I | I I I I | I I: T I | I I I I | I I I I | I I I I | I I I I
Tevatron . A S— LHC
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- : - Mangano et al. y -
; x : - JHEP 0701 (2007) 013
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B Alpgen above MC@NLO for higher Njet bins @ LHC
B This is ‘usual’ behaviour for multi-le€ matched ME+PS

B For Njes=3 agreement is v.nice [< 0% diffs]
B MC@NLO has tt+0,1j MEs, Alpgen includes tt+0,1,2,3]
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Exclusive jet x-secs for jet with pr > 20 & 50 GeV

0 (Djets) 0 (Djets)
10° . 10° 5
| MC@QNLO —— ; MC@GNLO —
10% | . — ?
| 10" |
10! L |
| 10V |
100-pJT>20 | 101§p=;>50
T T T T T T T T t o
1.5} T 15¢ ) :
| e b == — ——
0'8 ! 105 -
' ' ' ' ' 0
0 1 2 3 4 0 1 2 3 4
Ijets Ijets

B MC@NLO & Pwg agree v.well for bins they have MEs for

B Diffs are in bins well beyond stated accuracy of both MCs
B Not solved by high-pr k-factor on MC@NLO / Pwg damping
B Missing trunc. shwr. in Pwg? Wide angle rad. in MC@NLOQO?%
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ATLAS jet multiplicities [ATLAS-CONF-2011-142]

I
ATLAS Preliminary
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B Hatching on MC@N-

L0 is signal acceptance err. [syst®stat]

B Errors are large for higher Niets

B Data MC agreement good for both e’s & p’s.
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Powheg: scale dependence

B By def. Powheg ‘k- fa,ctor spread over full sample:

hard.

do ————

B Problem if pyr & ur variation restricted to dos : all
evt. wgts. have [same] NLO scale compensation.

B Not some kind of issue with the Powheg matching
method

B An issue of a lack of work done to understand &
implement uncertainty estimates.
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Powheg: scale dependence

m Solution 1:
Implement a way to vary scales in Sudakov and
R/B in front of it.

® No one is v.sure how to do it & keep NLL accuracy.

B Solution &2:
Do scale variation with the damping on:

dopers = dosr* Al (pr) B (P2 Prad) p (@) dDrag
B(Ds)

+ R (P Prag) *[ 1 -F (Prag) ] ADPrag

B Like varying resummation scale in conventional
resummed calculations [vary amount resummed ].
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