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Introduction: Monte-Carlo event generators

® We want:
Simulation of pp — full
hadronised final state

® MC event representation for
pp — ttH event
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QE‘EE%"‘E}% Introduction: Monte-Carlo event generators

® We want:
Simulation of pp — full
hadronised final state

® MC event representation for
pp — ttH event

® We know from first principles:

- Hard scattering at fixed
order in perturbation
theory
(Matrix Element)

— Approximate
resummation of QCD
corrections to all orders
(Parton Shower)

® Missing bits:
Hadronisation/Underlying
event (ignored here)
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QE‘EE%"‘E}C#‘E Introduction: Monte-Carlo event generators

QOutline

e Reminder: QCD perturbation theory
® We know from first principles:

. o
The parton shower approximation _ Hard scattering at fixed

e Correcting that approximation as far as ?;def in perturbation
T eor
p0551b1e. (Matr};x Element)
— NLO+PS (2002) — Approximate
— Tree-level ME+PS merging (2001) resummation of QCD
— MENLOPS (2010) corrections to all orders

— ME+PS merging at NLO (2012) (Parton Shower)

2/31



O s Perturbation Theory

DRESDEN

e Cannot solve QCD and calculate e.g. pp — ttH exactly

e But can calculate parts of the perturbative series in o:
~ 1 ~ Qg ~ ag

e Exact calculations possible up to O(a?) for some processes
¢ a? ~ 1% = high enough precision, right?
e Why is that not always true?
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ﬂﬁfrggéﬁﬁ From fixed order to resummation
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e Predictions for inclusive observables calculable at fixed-order
(~ KLN theorem)

e But what if not inclusive enough, e.g.:

— Study certain regions of phase space, like p% — 0 @ DY
— Making predictions for hadron-level final states: confinement at p1p,q ~ 1 GeV

= Finite remainders of infrared divergences:
2
logarithms of FZ‘—;rd with each O(as)

are large and spoil convergence of perturbative series

e Need to resum the series to all orders

— Problem: We are not smart enough for that.
— Workaround: Resum only the logarithmically enhanced terms in the series

e Parton showers resum these terms in their evolution of a parton
ensemble between p2,.4 and i,

How?
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() BRnveEss Construction of a parton shower (PS)

Let’s start simple: one emission, no resummation

e Universal factorisation of QCD real emission ME for collinear parton
pair (i, j):

R = DY =B x [ 8ma Kij(pi7pj)]

2pip;

— B =Born matrix element
- K;j; splitting kernel for branching (ij) — i + j
Specific form depends on factorisation scheme (DGLAP, Catani-Seymour, Antenna, ...)

- Massless propagator ﬁpj
(Later: Evolution variable of shower ¢ ~ 2p;p;, e.g. k1, angle,...)
e Radiative phase space factorises as well:
dPr = dPpd®; =dPs dt— 1u~— dz ﬁ

(ignoring z and ¢ dependence from here on, because they are “trivial”, not related to large logs)

e Combined with radiative part of the factorised ME

(Jacobian /symmetry factor/PDFs ignored)

dags) ~dt Dgs) ﬁ % Kij Differential branching probability
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ﬂﬁfrggéﬁﬁ Resummed branching probability
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Evolution with respect to ¢

° dag.)s) ~ dt DS.’S) is universal and appears for each emission
® How do we get the resummed branching probability according to multiple such emissions?

— Analogy to evolution of ensemble of radioactive nuclei:
Survival probability at time ¢; depends on decay/survival at times ¢ < ¢

Radioactive decay Parton shower branching
® Constant differential decay ® Differential branching probability
probability

— p(Ps)
f(t) = const = A f(t) =Dy

® Survival probability A/(t) ® Survival probability N (¢)

N
LW e ~S = FON )
dt
= N (t) ~ exp(—At) = N(t) ~ exp / dt’ f(t )
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ﬂﬁfrggéﬁ'ﬁ Algorithmic PS implementation
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Radioactive decay Parton shower branching
® Resummed decay probability P (t) ® Resummed branching probability P (t)
t
P() = F(1) N (1) ~ Aexp(~A0) P = FONW) ~ [ exp (- [“ar’ 11)

Parton shower recursion

o Generate next branching “time” t (after tprev10us) with probability
P(t7 tprevious) = GXP ( ftpreuom dt )
e Analytically:
t=F" [F(tprevlous) + log(#random)] with F ft dt f
e [f integral/its inverse are not known: “Veto algorlthm = extension of
hit-or-miss
— Overestimate g(t) > f(t) with known integral G(t)
—t = G71 [G(tprevlous) + log(#random)]
— Accept t with probability I E:; using hit-or-miss
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Summary of main parton shower ingredients

v —

® “Sudakov form factor” = Survival probability of parton ensemble between two scales:

N(t) ~ exp ( — /t dt’ f(tl)) — A(tl,t”) = H exp ( — /t// dt 'DE?S)>
0 ¢!

{ij}

Evolution variable ¢: not time, but scale of collinearity from hard to soft
t ~ 2p;p; ~ e.g. angle 6, virtuality Q?, relative transverse momentum k2 , ...
® Starting scale MQQ (time ¢ = 0 in radioactive decay) defined by hard scattering
® Cutoff scale related to hadronisation scale to ~ pf4
® Other variables (z, ¢) generated directly according to (l(f\:l/‘ﬁ

(t, 2z, p)
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Summary of main parton shower ingredients

v —

® “Sudakov form factor” = Survival probability of parton ensemble between two scales:

N(t) ~ exp ( — /t dt’ f(tl)) — A(tl,t”) = H exp ( — /t// dt 'DE?S)>
0 ¢! :

{ij}

Evolution variable ¢: not time, but scale of collinearity from hard to soft
t ~ 2p;p; ~ e.g. angle 6, virtuality Q?, relative transverse momentum k2 , ...
® Starting scale MQQ (time ¢ = 0 in radioactive decay) defined by hard scattering
® Cutoff scale related to hadronisation scale to ~ pf4
S)

® Other variables (z, ¢) generated directly according to (l(f\/l/" (t, 2z, p)

= Differential cross section (up to first emission)

do® = dop B
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Summary of main parton shower ingredients

" —

® “Sudakov form factor” = Survival probability of parton ensemble between two scales:

N(t) ~ exp ( — /Ot dt’ f(tl)) — A(t/, t H exp < /lt// dt 'DE;S)>

{is}

Evolution variable ¢: not time, but scale of collinearity from hard to soft
t ~ 2p;p; ~ e.g. angle 6, virtuality Q?, relative transverse momentum k2 , ...

® Starting scale MQQ (time ¢ = 0 in radioactive decay) defined by hard scattering
® Cutoff scale related to hadronisation scale to ~ pi.q

® Other variables (z, ¢) generated directly according to (l(f\l/ S) (t, 2z, p)

= Differential cross section (up to first emission)

do ™
4™ = a0p 8| A70ut) + 3 [
N————— {ij}
unresolved ’
resolved
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aﬁfygggﬁﬁ Parton shower corrections: Classification
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NLO+PS matching ME+PS(LO merging

® Parton shower on top of NLO ® Multiple LO+PS simulations for
prediction (e.g. inclusive W processes of different jet multi
production) (eg. W, W45, Wjj,...)
® Objectives: ® Objectives:
— avoid double counting in real — combine into one inclusive
emission sample by making them
— preserve inclusive NLO exclusive
accuracy — preserve resummation accuracy

4 4

Combination: ME+PS@NLO
® Multiple NLO+PS simulations for processes of different jet multiplicity
eg W, Wi, Wijj,...
® Objectives:

— combine into one inclusive sample
— preserve NLO accuracy for jet observables
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NLO+PS matching

® Parton shower on top of NLO
prediction (e.g. inclusive W
production)
® Objectives:
- avoid double counting in real
emission
— preserve inclusive NLO
accuracy
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Reminder + Notation: Subtraction method

® Contributions to NLO cross section: Born, Virtual and Real emission

® YV and R divergent in separate phase space integrations
= Subtraction terms D and their integrated form Z for NLO cross section:

do M) — 4o {B-ﬁ-fﬂ—i— Zz(?fj?)] + dPr |:R— Zpgfﬂ]
(i} (i}

Idea of NLO+PS matching

® Applying PS resummation to LO event was “simple” /
® Apply the same separately for B and V and R at NLO? X
= double counting

® Instead: additional subtraction terms DE;‘)

doNFOs®) _ 455 Y 4 qdp |:R -3 DEJA):|
{ig}

s 3A) v () (A) ()

with BY =B+ vV + ZIuj) +>° /dt [DU - Dy; ]

{is} {is} 10/31
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Master formula for NLO+PS up to first emission

2 DA
i K ‘.
doNEOTFS) = o B(A){AM)(thg) + Z/ AN i)
N —— {ij} to

unresolved

resolved, singular

*)
+ dog |:’R—ZDI.]. }

{ij}

resolved, non-singular=# (A)

(NLO)

To O(a) this reproduces do

Event generation: B*) or #(*) seed event according to their XS

— First line (“S-event”): from one-step PS with A
= emission (resolved, singular) or no emission (unresolved) above tq
— Second line (“H-event”): kept as-is — resolved, non-singular term

® Resolved cases: Subsequent emissions can be generated by ordinary PS

® Exact choice of DE?) will specify MC@NLO vs. SSMC@NLO vs. POWHEG ...

11/31



ﬂﬁfygggﬁ'ﬁ Special cases: McANLO vs. S-Mc(@dNLo
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Mc(@NLo S-McfdNLo

Frixione, Webber (2002) Héche, Krauss, Schonherr, FS (2011)
D®) = PS splitting kernels D™ = Subtraction terms D&
+ Shower algorithm for Born-like events + “Non-singular” piece fully free of
easy to implement divergences
— “Non-singular” piece R — 3, ; D(A) — Splitting kernels in shower algorithm

is actually singular: become negative

— Collinear divergences subtracted
by splitting kernels v
— Remaining soft divergences as

they appear in non-trivial U
Used in SHERPA

Solution: Weighted No = 3 one-step PS based
on subtraction terms

processes at sub-leading N, X

Workaround: G-function dampens soft limit in
non-singular piece
< Loss of formal NLO accuracy
(but heuristically only small impact)
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EE?&E’#E.%’-E Special case: POWHEG
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Original POWHEG

® Choose additional subtraction terms as
e
ij

D,(vf“) —pij R where pij = ———=
’ > n Diin

® 7{-term vanishes = No negative weighted events

® Similar to PS with ME-correction for 1st emission (e.g. Herwig, Pythia)

Mixed scheme
® Subtract arbitrary regular piece from R and generate separately as H-events
DM (®R) — pij(®Rr) [R(®R) — R"(®R)]  where  p;; asabove

® Tuning of R" to reduce exponentiation of arbitrary terms

® Allows to generate the non-singular cases of R without underlying B
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ﬂﬁfrg‘géﬁ'ﬁ Inherent systematic uncertainties
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Perturbative uncertainties

® Unknown higher-order corrections

® Estimated by scale variations
WP =pR = 5/ .. 20

Non-perturbative uncertainties

® Model uncertainties in hadronisation, hadron decays, multiple parton
interactions

® Estimated by variation of parameters/models within tuned ranges

Exponentiation uncertainties

® Arbitrariness of D) and thus of the exponent in A*)
® Estimated by:

— Variations of IfQ in MC@NLO
— (Variation of R" in POWHEG)

® Reduced by merging with NLO for higher parton multiplicities ~ later
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rEcuuscie Case study: gg — h
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Transverse momentum of Higgs boson in pp — h + X

Transverse momentum of Higgs boson in pp — h + X

T R BT M o A M

T ST I
10 15 20

do/dph [pb/GeV]
3
do/dp [pb/GeV]

s
8
8
!

MC@NLO & = 1 5
——— MC@NLO a = 0.01
—— Powheg

—— LO®PS

——~ LO®PS x 23

a

103
Ph 1GeV] b [Gev]

For demonstration purposes

® Strong sensitivity to exponentation especially at large p'}
® POWHEG and completely unrestricted MC@NLO similar

® Decrease exponentiation of non-singular pieces using (unphysical) dipole «:
act < 0.01 recovers NLO behaviour
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Teehnische State-of-the-art application: 11/ +3-jet production
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Proper physical assessment of variation:
Dipole restriction at (and variation of) resummation scale 1

Comparison to ATLAS data

s 15
g
El
g F
Jet transverse momenta 5 5B
= I B e B e e B e L | | | | |
2 PA+BLACK 3 Bl b b b b
S Bl WS san ] e
= = pR=p/2..20 1 s MS5E
N —— MC@NLO PL -
S E - = /2. N2 1) F
= £ = osf 3
07 pofisstiet) SO P EYSIRTININ ERIIN URIN ARRIN B
E El R e e
1072 P (second jet) = = F | E!
E (third jet) ;31111 =
E p . (third jet 3 El
T IR ik U I D O = s L = S E
05 4
Eelv v b b bvv v b 1009

S0 w00 130 200 20 300
po IGeV]

ATLAS measurement (arXiv:1201.1276)
SHERPA+BLACKHAT NLO+PS predictions (arXiv:1201.5882)
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QE‘EE%"‘E}C#‘E Parton shower corrections: Classification

NLO+PS matching

® Parton shower on top of NLO
prediction (e.g. inclusive W/
production)

® Objectives: /

— avoid double counting in real
emission

— preserve inclusive NLO
accuracy
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QE‘EE%"‘E}C#‘E Parton shower corrections: Classification

ME+PS(ALO merging

® Multiple LO+PS simulations for
processes of different jet multi
(eg. W, Wj, Wjj,...)

® Objectives:

— combine into one inclusive
sample by making them
exclusive

— preserve resummation accuracy

17/31



() INNERSITAT Tree-level ME+PS merging
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Main idea

Phase space slicing for QCD radiation in shower evolution
® Hard emissions Q;; (2, t) > Qcut

— Events rejected
— Compensated by events starting from higher-order ME regularised by Qcut

= Splitting kernels replaced by exact real-emission matrix elements
'D,E;)S) - R j

>S .
(But Sudakov form factors APS) remain unchanged)

® Soft/collinear emissions Q;,k (2, t) < Qcut

= Retained from parton shower Dg’s) =B x [Zp;pj 8mas Kij(pis Pj)]

Note

Boundary determined by “jet criterion” Q; ;. &
® Has to identify soft/collinear divergences in MEs, like jet algorithm

® Otherwise arbitrary
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Parton shower on top of high-multi ME

Translate ME event into shower language

Example:
?
Why? ~
® Need starting scales ¢ for PS evolution
Py . . . . /
® Have to embed existing emissions into PS evolution
Problem: ME only gives final state, no history U/
Solution: Backward-clustering (running the shower /
reversed), similar to jet algorithm: ~ :
Select last splitting according to shower probablities - \
Recombine partons using inverted shower kinematics *U*
— N-1 particles + splitting variables for one node
Reweight avs (1) — a5 (p?) i
Repeat 1 - 3 until core process (2 — 2) t

Truncated shower

® Shower each (external and intermediate!) line between determined scales

® “Boundary” scales: resummation scale MZQ and shower cut-off o
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Eﬁ?v"s"n'éﬁ'ﬁ Master formula
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Cross section up to first emission in ME+PS

2
u
da:d@BB[A(PS)(tO,ug) + Z/ 3t AP (¢ 12)

— {is} 7*o
unresolved
(PS) -
ij
X 2 — O(Qeut — Qiy) + 0(Qij — Qeut)
B B
resolved, PS domain resolved, ME domain

Features
® 1O weight B for Born-like event

® Unitarity slightly violated due to mismatch of A®S) and R /B
] ~ 1 = LO cross section only approximately preserved

Unresolved emissions as in parton shower approach

Resolved emissions now sliced into PS and ME domain

Only for one emission here, but possible up to high number of emissions

20/31



aﬁfygggﬁﬁ Features and shortcomings by example
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s pororeoee g
T E'cor i Diphoton 95!::‘ E
& [ E;>1517GeV, <10, —e— Data ]
i_ AR>04, Is0<3 GeV’ s NNLO ]
<
2| —— MCFM B
§10 +-e. SHERPA E
] E|
3 1
Example 10}

Diphoton production at Tevatron
® Measured by CDF phys.Rev.Lett. 110 (2013) 101801 1k
® Isolated hard photons

® Azimuthal angle between the diphoton pair 10..; ‘ i

| 1 | 1 |
ME+PS simulation using SHERPA vs. (N)NLO o5 1 15 2 25 " (r:d)
- guaE =g :
Conclusions g ++ ] -
Shapes described very well even for this non-trivial BN + L + MAZAATTRARIRE aanet
process/observable for both: fost T :
3.5 —
® Hard region, e.g. A®,, — 0 Ez_:; E
223 ,
® Softregion, e.g. AD,, — 7 E:;E + +++++ ++ + L
Scale variations high = NLO needed \.&,_g e
S 15F =
g
0.5]

e b

g

(data-SRPA)SR

4
o

05 1 15 2 25 3

A¢ (rad) 21/31



QE‘EE%"‘E}C#‘E Parton shower corrections: Classification

ME+PS(ALO merging

® Multiple LO+PS simulations for
processes of different jet multi
(eg. W, Wj, Wij,...)

® Objectives:

— combine into one inclusive
sample by making them
exclusive

— preserve resummation accuracy
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QEEV*S'%‘R'E%%';; Parton shower corrections: Classification

4 4

Combination: ME+PS[@NLO
® Multiple NLO+PS simulations for processes of different jet multiplicity
eg. W, Wj, Wjj,...
® Objectives:

— combine into one inclusive sample
— preserve NLO accuracy for jet observables

22/31



Y Basic idea
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Concepts continued from ME+PS merging at LO

® For each event select jet multiplicity & according to
its inclusive NLO cross section

® Reconstruct branching history and nodal scales ¢g . . . )

Truncated vetoed parton shower, but with peculiarities (cf. below)

Differences for NLO merging

® For each event select type (S or H) according to absolute XS
= Shower then runs differently

® Sevent: Example: k =1
Generate MC@NLO emission at t5 1

Truncated “NLO-vetoed” shower between to and t:
First hard emission is only ignored, no event veto

Continue with vetoed parton shower

® Hevent:
(Truncated) vetoed parton shower as in tree-level ME+PS
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Eﬁ?v"s“n'éﬁ'ﬁ Master formula
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ME+PS@NLO prediction for combining NLO+PS samples of multiplicities . and n + 1

do = d®,, BW

A
D&
n

B, A(ri\)(tnlev .U2Q) G(cht - Qn+1)

HQ
AN (te, 1) + / dd,
i

+ d®n4a ngm A(rlzjs)(thrlv M?)) O(Qeut — Qn+1)

HQ
= B
+ dq)"JFl Bfri)kl <1 + BZ:)rl / d(I’l Kn) A(yl;s)(tn+1a l‘2Q) G(QnJrl - cht)
n+1¢

n+1

MC counterterm — NLO-vetoed shower

el )
X |:A(7ALA-?-1(tC7t"+1) + / ddq Bnij,j A(y?_?_1(tn+2vtn+1)
n
te

+ d®ny2 Hfmli)l Ag)i)l (tnt2,tng1) ASFIL)S)(tn+17M2Q) O(Qn+1 — cht) + ...
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recnnsciERasults for e e
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— hadrons: Differential jet rates

Durham jet resolution 3 — 2 (Ecps = 91.2 GeV)

Durham jet resolution 4 — 3 (Ecys = 91.2 GeV)

1/0 do/dIn(y23)

—e— ALEPH data

—— MEePs@NLo
MEPS@NLO j1/2...2)
—— MENLOPS
MENLOPS pt/2...2u
Mc@NLo

1/0 do/dIn(yss)

ALEPH data

—— MEePs@Nro
MEPS@NLo t/2...21
—— MEnNLOPS
MENLOPS pi/2...21

NLo

$

T

1070

i

AL

1 2 3 4 5 6 7 8 9

—In(y2)

2 3 4 5 6 7 8 9

® Significant reduction of ME+PS@NLO scale uncertainties in perturbative region

® Improved agreement with experimental data

0 11
—In(ys4)
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eenniscie Results for e e~ — hadrons: Thrust event shape
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Thrust (Ecvis = 912 GeV) Moments of 1 — T at 91 GeV.
“ FTTTT T T e T T L D e e
< E —e— OPAL data 3
3 E —— MzPs@Nio 1
s r s MEPS@NLO i/2...21 7]
- E —— MENLOPS =
E MENLOPS i/2...2u 7
- —e— ALEPH data [ Mc@Nto ]
—— MEePs@NLo 3 1073 —
, s MEPS@NLo i/2...2p B E 3
10 —— MENLOPS E L |
MENLOPS 11/2...2 3 F ]
1073 Mc@NLo ] —
SHERPA+BLACKHAT 3 SuErPA+BLACKHAT =]
e e e b b b e b g e e e e ey ey 1 4
T 3 B L e L o B O M =
£ 12 1
g
T g
g EAET AL LA P PEmsea ' 0 P
> o8§ 4
Rl L S S I BN R P ol I SRR RPN IR PO

06 065 o7 o075 08 08 09 095 1 2 3 4 5
T
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TECHNISCHE Results for 1V + jets: Jet multiplicities and p |
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First Jet p,.
B e o
9 —e— ATLAS data
Inclusive Jet Multiplicity 2 —— MzPs@Nio
g E T I T T T s Wt 1jet (1) = MePs@NLo ji/2...2)
S E 5 w0 - —— MExLoPS
= F s MENLOPS i/2...21
2 r - ]\AATLI‘)A;S“B = Mc@NLo
2 [ — MEPs@NLo Wi > 2jets (01
£ ol = MEPS@NLO j1/2...20 e R =
Al E —— MEwtoPS 3 E e =
+ F MENLOPS /2.2 ] 107 s 2 5 ccomn =
S — +— Mc@NLo ] =C ——
103 jet
t .h(>12‘;’)c°v StErea+BLACKHAT
7] x

el b b bw e By oy

Second Jet p.
R B R e

—e— ATLAS data

P> 30Gev

T —— MePs@NLo
F W+ 2246 1) s MEPS@NLO 1/2...2)
[ —— MEnLoPS

[ MENLOPS /2.2

do/dp. [pb/GeV]
3

Mc@NLo

SHERPA+BLACKHAT

W 2 3jets (x00)

o T 2 3 4 5 SERPAYBLACKHAT
Niet | | |
Third Jet p |
. = e
® Comparison to ATLAS measurement Phys.Rev. D85 g . L AAS dat
(2012), 092002 2 —— MePsaNio
= = MEPS@NLO i/2...2
. . pe . —— ME: P
® Significant reduction of ME+PS@NLO scale i: i = jyrpes w2
k-1 Mc@NLo

uncertainties in “NLO” multiplicities

W2 3jes

® Improved agreement with data

SHERPA+BLACKHAT
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TECHNISCHE Results for 1V + jets: Hp
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18
P
= LA B £
= T T T T z
o SHERPA+BLACKHAT —e— ATLAS data g
5 —— M&Ps@Nio =
= s MePs@NLO i/2... 240
z W2 Tjet (x1) —— MENLOPS
N MENLOPS 1/2...21
© Mc@Nro =
== g
2 2jets (x01) hd
10 g
77777 =
102 =
W4 >3jers (x001) o
R N
................. <]
104 =
el
3
b b b TS J
100 200 300 400 500 600 700 = i
Hr [GeV] I N NN R

100 200 300 400 500 600 700
Hy [GeV]
H and related observables are sensitive to many jet multiplicities simultaneously

® Need ME+PS@NLO for precise description

® High Hr region affected by higher multiplicities =- Larger scale uncertainty
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TECHNISCHE Results for 1/ + jets: Angular correlations
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AR Distance of Leading Jets Azimuthal Distance of Leading Jets
O e I A L e e e e
= r —e— ATLAS data 13 ATLAS data
3 N —— MEPs@NLo 13 MEPs@NLo
§ 8o~ s MEPS@NLO i/2...2n | 3 MEPS@NLO i1/2...2p =]
3 F —— MENLOPS 13 MENLOPS |

60 |— MENLOPS p/2...2u ] MENLOPS pt/2...2u B
= Mc@Nro j Mc@Nro =
40— 1 -
20 - 3
b 20 —
SHERPA+BLACKHAT | SHERPA+BLACKHAT 3
. SN S } HH}HH‘[
= 9 = -
] 1 = 3
o 4 e =
< 4 =2 =
g 1 g 3
3 q = = |
bbb b b b e o b b b b L 1

1 2 3 4 o 05 1 15

5 6 2 25 3
AR(First Jet, Second Jet) A¢(First Jet, Second Jet)

® Pure MC@NLO simulation misses correlations between the two leading jets
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Y Conclusions
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NLO+PS matching ME+PS(ALO merging

® Parton shower on top of NLO ® Multiple LO+PS simulations for
prediction (e.g. inclusive W/ processes of different jet multi
production) (eg. W, W35, Wjj,...)
® Objectives: / ® Objectives:
— avoid double counting in real — combine into one inclusive
emission sample by making them
— preserve inclusive NLO exclusive
accuracy — preserve resummation accuracy

Combination: ME+PS@NLO

® Multiple NLO+PS simulations for processes of different jet multiplicity
eg W, W35, Wijj,...

® Objectives: / /

— combine into one inclusive sample
— preserve NLO accuracy for jet observables
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Y Conclusions

DRESDEN

Summary

® 'm most certainly out of time by now.

Outlook

® Nachsitzung
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