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JHEP02(2009)007

The SHERPA event generator framework

e Two multi-purpose Matrix Element (ME) generators
AMEGIC+H+ JHEP02(2002)044
COMI  JHEP12(2008)039
CS subtraction EPJC53(2008)501

A Parton Shower (PS) generator
CSSHOWER++ JHEP03(2008)038

A multiple interaction simulation
a la Pythia AMISIC+4 hep-ph/0601012

A cluster fragmentation module
AHADIC+-+ EPJC36(2004)381

A hadron and 7 decay package HADRONS++

A higher order QED generator using YFS-resummation £
PHOTONS++ JHEP12(2008)018
Sherpa’s traditional strength is the perturbative part of the event
MEPs (CKKW), Mc@NLO, MENLOPS, MEPS@NLO

— full analytic control mandatory for consistency/accuracy
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MEPS — review

<——Ps

Parton showers

resummation of (soft-)collinear limit
— intrajet evolution
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MEPS — review

ME ——>

Matrix elements

fixed-order in «y
— hard wide-angle emissions
— interference terms

e matrix elements (ME) and parton showers (PS) are approximations in
different regions of phase space

IPPP Durham
5
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MEPS — review

ME ——>

e
Q—éﬁ% —

Catani, Krauss, Kuhn, Webber JHEP11(2001)063
Lénnblad JHEP05(2002)046
. Hoche, Krauss, Schumann, Siegert JHEP05(2009)053

e matrix elements (ME) and parton showers (PS) are approximations in
different regions of phase space

o MEPS combines multiple LOPS — keeping either accuracy
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MEPS — review

Parton showers (operate in N, — oo limit):

tmax
Psn(tO; tmax) = An (th tmax) + / dt/K:n (t/) An (t/7 tmax)

to
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MEPS — review

Parton showers (operate in N, — oo limit):

tmax
Psn(tO; tmax) = An (th tmax) + / dt/K:n (t/) An (t/7 tmax)

to

Multijet merging at leading order:

MEPs __ LO
do =do,

Marek Schénherr IPPP Durham
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MEPS — review

Parton showers (operate in N, — oo limit):

Ermax
PS,(t0: tma) = An (tos tmae) + / A () (' tors)

to

Multijet merging at leading order:
Ao = do @ PS,, ©(Qeut — Q1)

e restrict the parton shower on 2 — n to emit only below Qcut
e arbitrary jet measure Q,, = Q,(®,,)
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MEPS — review

Parton showers (operate in N, — oo limit):

Ermax
PS,(t0: tma) = An (tos tmae) + / A () (' tors)

to

Multijet merging at leading order:
dUMEPS = d0.7|_LO ® Psn G(cht - Qn+1)
+ do'rLz?-I @(Qn-i-l - cht) ® PSn+1

e restrict the parton shower on 2 — n to emit only below Qcut
e arbitrary jet measure Q,, = Q,(®,,)
e add the n + 1 ME and its parton shower
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MEPS — review

Parton showers (operate in N, — oo limit):
Emax
Pyt ) = At ) [ G (E) A )
to
Multijet merging at leading order:
Ao = do @ PS,, ©(Qeut — Q1)
+ do'rLL(-?-l @(Qn+1 - cht) An(tn+1; tn) (29 Psn+1

e restrict the parton shower on 2 — n to emit only below Qcut

e arbitrary jet measure Q,, = Q,(®,,)

e add the n + 1 ME and its parton shower

e multiply by Sudakov wrt. 2 — n process to restore resummation
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MEPS — review

Parton showers (operate in N, — oo limit):

Ermax
PS,(t0: tma) = An (tos tmae) + / A () (' tors)

to
Multijet merging at leading order:
doM* = dot® ® PS,, ©(Qcut — Q1)
+ dO'n+1 @(Qn+1 cht) An(tn+1a tn) & Psn+1 @(cht - Qn+2)
+dot25 O(Qni2 — Qeut) An(tng1, tn) Anti(tnt2, tng1) @ PSpia

e restrict the parton shower on 2 — n to emit only below Qcut

e arbitrary jet measure @, = Q,(®,,)

e add the n + 1 ME and its parton shower

e multiply by Sudakov wrt. 2 — n process to restore resummation
e iterate
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MEPS — review Scales:

Parton showers (operate in N, — oo limit):

tmax
Psn(tO; tmax) = An (th tmax) + / dt/K:n (t/) An (t/,

to

\
P
b

Multijet merging at leading order:

doM*Ps = do° ® PS,, ©(Qcut — Qn1)
+ d0n+1 O(Qnt1 — Qeut) An(tng1,tn) ®PSpp10( ~
+d0p 25 0(Qnya — Qeut) Anltnyr,tn) Anpi (tuya, t

/

e restrict the parton shower on 2 — n to emit only below Q,

e arbitrary jet measure @, = Q,(®,,)

e add the n + 1 ME and its parton shower

e multiply by Sudakov wrt. 2 — n process to restore resumms

e iterate ,
k+n(:uR) = Q, (,ucore) aS(tl) aS(tn)
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MEPS- review MEePs@NLO

MEPS — review

Parton showers (operate in N, — oo limit):

Ermax
PS,(t0: tma) = An (tos tmae) + / A () (' tors)

to

Multijet merging at leading order:

doMePs = dot° @ PS,, ©(Qcut — Qni1)
+d0321 O(Qnr1 — Qat) An(tntistn) @ PSpi1 O(Qeut — Quoyo)
+dot25 O(Qni2 — Qeut) An(tng1, tn) Anti(tnt2, tng1) @ PSpia

e restrict the parton shower on 2 — n to emit only below Qcut

e arbitrary jet measure @, = Q,(®,,)

e add the n + 1 ME and its parton shower

e multiply by Sudakov wrt. 2 — n process to restore resummation

e iterate

o if t,(P,,) # Qn(Py,) truncated shower needed to fill gaps Nason JHEP11(2004)040
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MEPS — review

Transverse momentum of the Higgs boson e first emission by PS
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MEPS — review

Transverse momentum of the Higgs boson e first emission by PS,
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MEPS — review

Transverse momentum of the Higgs boson e first emission by PS,
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MEPS — review

Transverse momentum of the Higgs boson e first emission by PS,
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3 r | | | | i restrict to

< pp — h +jets i
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MEPS — review

Transverse momentum of the Higgs boson
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Multijet merging at

pi(h) [GeV]

first emission by PS,
restrict to

Qn+1 < cht

LOPS pp — h + jet
for Qn+1 > cht
restrict emission off
pp — h + jet to
Qn+2 < cht

LOPS pp — h + 2jets
for Qni2 > Qeut
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MEPS — review

Transverse momentum of the Higgs boson e first emission by PS
'; L T T T ‘ L ‘ T T T ‘ L ‘ T T 1] .
[ ] restrict to
Q pp — h +jets i
—§_ — == pp = h+0j Qn+1 < cht
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T P 1 o Qua>Q
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. 1 e restrict emission off
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B ] Qn+2 < cht
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MEPS — review

do/dp, [pb/GeV]

10~

10~
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Transverse momentum of the Higgs boson
L

pp — h +jets i
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Multijet merging at

first emission by PS,
restrict to

QnJrl < cht

LOPS pp — h + jet
for Qni1 > Qeut
restrict emission off
pp — h + jet to
Qn+2 < cht

LOPS pp — h + 2jets
for Qni2 > Qeut
iterate

IPPP Durham
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MEPS — review

do/dp, [pb/GeV]

Transverse momentum of the Higgs boson

pp — h +jets

——= pp > h+0

----- pp = h+1j
- pp—h+2j
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Marek Schonherr

Multijet merging at

first emission by PS,
restrict to

QnJrl < cht
LOPS pp — h + jet

for QnJrl > cht
restrict emission off

pp — h + jet to
Qn+2 < cht

LOPS pp — h + 2jets
for Qn+2 > cht
iterate

sum all contributions

IPPP Durham
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MEPs@NLO

MEPS@NLO

ME ——>

e
Q—%ﬁ; S—

e matrix elements (ME) and parton showers (PS) are approximations in
different regions of phase space
o MEPS combines multiple LOPS — keeping either accuracy
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MEPs@NLO

MEPS@NLO

NLOPs (Mc@NLO,POWHEG)

Frixione, Webber JHEP06(2002)029
Nason JHEP11(2004)040, Frixione et.al. JHEP11(2007)070
Héche, Krauss, MS, Siegert JHEP09(2012)049

e matrix elements (ME) and parton showers (PS) are approximations in
different regions of phase space

o MEPS combines multiple LOPS — keeping either accuracy

o NLOPS elevate LOPS to NLO accuracy

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

MENLOPS

Hamilton, Nason JHEP06(2010)039
Hoche, Krauss, MS, Siegert JHEP08(2011)123
Héche, Krauss, MS, Siegert JHEP01(2013)144

e matrix elements (ME) and parton showers (PS) are approximations in
different regions of phase space

o MEPS combines multiple LOPS — keeping either accuracy

o NLOPS elevate LOPS to NLO accuracy

o MENLOPS supplements core NLOPS with higher multiplicities LOPS

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

MEePs@NLO

Lavesson, Lénnblad JHEP12(2008)070

Hoche, Krauss, MS, Siegert JHEP04(2013)027
Héche, Krauss, MS, Siegert JHEP01(2013)144
Lénnblad, Prestel JHEP03(2013)166

matrix elements (ME) and parton showers (PS) are approximations in
different regions of phase space

MEPS combines multiple LOPS — keeping either accuracy

NLOPS elevate LOPS to NLO accuracy

MENLOPS supplements core NLOPS with higher multiplicities LOPS
MEPS@NLO combines multiple NLOPS — keeping either accuracy

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

MEePs@NLO

Lavesson, Lénnblad JHEP12(2008)070

Hoche, Krauss, MS, Siegert JHEP04(2013)027
Hoche, Krauss, MS, Siegert JHEP01(2013)144
Lénnblad, Prestel JHEP03(2013)166

matrix elements (ME) and parton showers (PS) are approximations in
different regions of phase space

MEPS combines multiple LOPS — keeping either accuracy

NLOPS elevate LOPS to NLO accuracy

MENLOPS supplements core NLOPS with higher multiplicities LOPS
MEPS@NLO combines multiple NLOPS — keeping either accuracy

Marek Schonherr IPPP Durham
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MEPs@NLO

MEPS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"’/ dtlic ( )A ( max)

to

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"’/ dtlic ( )A ( max)

to
Multijet merging at next-to-leading order:
doMEPS@NLo _ 1 ;NLO ¢ PS
=do,, n

e NLOPS for 2 — n

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"'/ dt,K; ( )A ( max)

to
Multijet merging at next-to-leading order:
dO,MEPS@NLO _ do,sLO ® E-/Sn @(cht _ Qn+1)

e NLOPS for 2 — n, restricted to emit only below Q¢

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"'/ dt,K; ( )A ( max)

to
Multijet merging at next-to-leading order:
dO,MEPS@NLO _ do,sLO ® E-/Sn @(cht _ Qn+1)

+ da-rr'\:iol G(Qn-i-l - cht)

oy |5§n+1

e NLOPS for 2 — n, restricted to emit only below Qcut
e add the NLOPS for 2 - n +1

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"'/ dt,K; ( )A ( max)

to
Multijet merging at next-to-leading order:
dO,MEPS@NLO _ do,sLO ® E-/Sn @(cht _ Qn+1)

+doN 0 O(Qni1 — Qat) Anl(tntr,tn)

oy |5§n+1

e NLOPS for 2 — n, restricted to emit only below Qcyt
e add the NLOPS for 2 - n +1
e multiply by Sudakov wrt. 2 — n process to restore resummation
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MEPsS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"'/ dt,K; ( )A ( max)

to
Multijet merging at next-to-leading order:
dO,MEPS@NLO _ do,sLO ® E-/Sn @(cht _ Qn+1)

+ dar'\:}kol @(Qn-‘rl - cht) (An( n+1a ) A(l)( n+17tn))

oy |5§n+1

e NLOPS for 2 — n, restricted to emit only below Qcyt
e add the NLOPS for 2 - n+1

e multiply by Sudakov wrt. 2 — n process to restore resummation
e remove overlap of A,, and dol}9Q
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MEPsS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"'/ dt,K; ( )A ( max)

to
Multijet merging at next-to-leading order:
dO,MEPS@NLO _ do,sLO ® E-/Sn @(cht _ Qn+1)

+ dar'\:}kol @(Qn-‘rl - cht) (An( n+1a ) A(l)( n+17tn))
02y |5§n+1 G(cht - Qn+2)

e NLOPS for 2 — n, restricted to emit only below Qcyt
e add the NLOPS for 2 - n+1

e multiply by Sudakov wrt. 2 — n process to restore resummation
e remove overlap of A,, and doNLQ, iterate

Marek Schénherr IPPP Durham
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MEPSs- review MEPS@NLO

MEPS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular limits for 1st em.):

tmax - -
PS (th max) :An(tmtmax)"'/ dt,K: ( )A ( max)

to
Multijet merging at next-to-leading order:
dO,MEPS@NLO _ do,sLO ® Eén @(cht _ Qn+1)

+ dar'\:}kol @(Qn-‘rl - cht) (An( n+1a ) A(l)( n+17tn))
oy |5§n+1 G(cht - Qn+2)
+ dUr'\Ll-If-g @(Qn+2 - cht) (An(tn-i-la tn) - Agzl)(tn-i-l, tn))

X (An+1(tn+27tn+1) - Agl1(tn+2,tn+1)) ® PSp 12
e NLOPS for 2 — n, restricted to emit only below Qcyt
e add the NLOPS for 2 > n+1
e multiply by Sudakov wrt. 2 — n process to restore resummation
e remove overlap of A,, and doNLQ, iterate

Marek Schénherr IPPP Durham
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MEPs@NLO

MEPS@NLO

Parton showers for NLOPS (need to reproduce N, = 3 singular lii ~_

tmax - ~
PS (th max) = An(t07tmax) +/ dt”cn(t,) An(t,’ /

to

Scales:

R \.):

Multijet merging at next-to-leading order: \U’

Too
doMEPSONLO _ §,NLO PS,, O(Qeut — Qui1) /

+ oM O(Qui1 — Q) (Anltnsr,tn) — ALY

s t
oy Psn+1 @(cht - Qn+2) &
+ oM O(Qniz — Q) (Anltsstn) — AL U/
X (An+1( nt2stny1) — n+1 tnto,t
e NLOPS for 2 — n, restricted to emit only below Qcut
e add the NLOPS for 2 - n +1
e multiply by Sudakov wrt. 2 — n process to restore resummc
§+rL(MR ,Ucore Qg tl s
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MEPsS@NLO

Transverse momentum of the Higgs boson o first emission by
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MEPs@NLO

MEPS@NLO

do/dp [pb/GeV]

10

10

—3

Transverse momentum of the Higgs boson
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o first emission by
NLOPS , restrict to

Qn+1 < cht

IPPP Durham
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MEPs@NLO

MEPS@NLO

Transverse momentum of the Higgs boson
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Multijet me

300
pi(h) [GeV]

o first emission by
NLOPS , restrict to

Qn+1 < cht
e NLOPS pp — h + jet
for Qn+1 > cht

IPPP Durham
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MEPsS@NLO

Transverse momentum of the Higgs boson e first emission by

NLOPS , restrict to
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MEPs@NLO

MEPS@NLO

do/dp [pb/GeV]

10

—3

Transverse momentum of the Higgs boson

pp — h+jets

——— pp — h+0j@NLO
----- pp — h+1j @ NLO
- pp— h+2j@NLO

i i =4
co b b b e Byt
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pi(h) [GeV]

Marek Schonherr

Multijet merging at

first emission by
NLOPS , restrict to
Q’ﬂ-l-l < cht
NLOPS pp — h + jet
for Qn+1 > cht
restrict emission off
pp — h + jet to
Qn+2 < cht
NLOPS

pp — h + 2jets for
Qn+2 > cht

IPPP Durham
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MEPs@NLO

MEPS@NLO

do/dp [pb/GeV]

10

10

10~

—3

Transverse momentum of the Higgs boson

I IT L‘U}.

pp — h+jets

——— pp — h+0j@NLO
----- pp — h+1j @ NLO
- = pp — h+2j@NLO

1

1
RS BN

Marek Schénherr

Multijet merging at

50

100
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200

250 300
pi(h) [GeV]

first emission by
NLOPS , restrict to
Q’ﬂ-l-l < cht
NLOPS pp — h + jet
for Qn+1 > cht
restrict emission off
pp — h + jet to
Qn+2 < cht
NLOPS

pp — h + 2jets for
Qn+2 > cht

iterate

IPPP Durham
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MEPs@NLO

MEPS@NLO

do/dp, [pb/GeV]

10~

10~

10~

3

Transverse momentum of the Higgs boson

pp — h+jets

——— pp — h+0j@NLO
----- pp — h+1j @ NLO
---= pp = h+2j @ NLO
----- pp — h+3j@LO

I IT L‘U}.

".‘.LJJHL

T
-

1

1 H
RIS RN RS BN RN B
o 50 100 150 200 250 300
pi(h) [GeV]
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Multijet merging at

o first emission by
NLOPS , restrict to
Q’ﬂ-l-l < cht

e NLOPS pp — h + jet
for Qn+1 > cht

e restrict emission off
pp — h + jet to
Qn+2 < cht

e NLOPs
pp — h + 2jets for

Qn+2 > cht

e jterate
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MEPs@NLO

MEPS@NLO

do/dp, [pb/GeV]

10~

10~

10~

3

Transverse momentum of the Higgs boson

pp — h+jets

——— pp — h+0j@NLO
----- pp — h+1j @ NLO
---= pp = h+2j @ NLO
----- pp — h+3j@LO

I IT L‘U}.

".‘.LJJHL

T
-

1

1 H
co e b b b

0 50 100 150 200 250 300

po(h) [GeV]

Marek Schonherr

Multijet merging at

o first emission by
NLOPS , restrict to

Q’ﬂ-l-l < cht

e NLOPS pp — h + jet
for Qn+1 > cht

e restrict emission off
pp — h + jet to
Qn+2 < cht

e NLOPs
pp — h + 2jets for
Qn+2 > cht

e jterate

e sum all contributions
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Recent results

Recent results

Fixed-mulitplicity NLOPS (MC®@NLO)
o pp = W +0,1,2, 3jets — SHERPA-+BLACKHAT
Hoche, Krauss, MS, Siegert Phys.Rev.Lett.110(2013)052001
e pp — jets — SHERPA+BLACKHAT Héche, MS Phys.Rev.D86(2012)094042
e pp — ttbb — SHERPA+OPENLOOPS
Cascioli, Maierhéfer, Moretti, Pozzorini, Siegert arXiv:1309.0500

Multijet merging at NLO accuracy (MEPS@NLO)
o pp — W + jets — SHERPA+BLACKHAT  Héche, Krauss, MS, Siegert JHEP04(2013)027
e ¢te™ — jets — SHERPA+BLACKHAT
Gehrmann, Hoche, Krauss, MS, Siegert JHEP01(2013)144
® pp — h + jets — SHERPA+GOSAM  Héche, Krauss, MS, Siegert, in YR3 arXiv:1307.1347
e pp — tt + jets — SHERPA+GOSAM
Héche, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)014040
o pp — 40 + jets — SHERPA-+OPENLOOPS
Cascioli, Hoche, Krauss, Maierhéfer, Pozzorini, Siegert arXiv:1309.5912
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Results — pp -+ W+jets

Inclusive Jet Multiplicity

= E T I I I I 3
- e ATLAS dua ] pp — W+jets (0,1,2 @ NLO; 3,4 @ LO)
% L — MEePs@NLo 4
R e * nryr € [5,2) paer
P MENLOPS /2.2 ] scale uncertainty much reduced
% r + Mc@NLo ]
N S _ | e NLO dependence

E " Pi>20Gev 3 .

I R " (x10) E for pp — W+0,1,2 jets

L P> 30Gev = { ] LO dependence

F = for pp — W+3,4 jets

7 = ‘7 o Qcut = 30 GeV

=,l=| e good data description

C L L L]

o . 2 5 7
N

ATLAS data Phys.Rev.D85(2012)092002
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EPs— review Recent results

Results — pp —+ Wjets

First Jet p | Second Jet p
g w0 T T T T T T g 7 T T T T T g|
) —— ATLAS data ) —— ATLAS data
2 10? —— MEPs@Nro 2 —— MEPs@Nro E|
3 . MEPS@NLo 11/2...2 T oot w2 o MEPS@NLo 11/2...21
B W e x1) MENLOPS = = —— MENLOPS
= MENLOPS /2.2 = MENLOPS /2.2
o Mc@Nto oy Mc@Nto
107!
10
1072
10
1073 W+ = 3jets (x0.1)
104
—| SHERPA+BLACKHAT
| | | I [N — Bl b b b L VT
B T s e e
s :;3 = Wizl =
3 By 4 " 4 L=
Y o8 — =
S 06 =
0.4 =
o2 i v L PRI RPN IR B
8 T = s E T T T T T T T T
s :2 Wi >2jets = P :2 = Wi > 2jets
3 2 I | — |
g R aass s B
2 o6 S obET
04 g E
02 02 B I BACIIAT ] e T
s g BT
s 223 - ;-g = W2 3jets =
R 5 o2 ey | | E
J o8 9 o8 T ]
3 o6 7 E 3 o6
04 e - 04 .
EE e N I T T of E e BT, L 1, L 1
50 100 150 200 250 300 40 60 80 100 120 140 160 180
P lGev] P [Gev]

Marek Schénherr IPPP Durham
a7

Multijet merging at NL



Recent results

Recent results — pp — tt + jets MEPS@NLO

N Skands, Webber, Winter JHEP07(2012)151
Parton showers and the tt-asymmetry
at the Tevatron

e if colour coherence is respected, (@) t t A((;({ (b)
PS creates an asymmetry q v q AN
sl

because of asymmetric colour ot
flow _
t

£ONT
e HERWIG respects colour

correlations through angular

ordering
e CSSHOWER++ (CS dipoles, 1—2 splittings, recoil to large-N, partner)

— respects colour correlations by choice of radiating dipoles/recoil partners

= it is important to respect colour-correlations

Marek Schénherr IPPP Durham
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Recent results

Recent results — pp — tt + jets MEPS@NLO

Hoche, Huang, Luisoni, MS, Winter arXiv:1306.2703

Importance of
.\ Transverse momentum of top-quark pair NC = 3 COIOU r co he rence

10

N )
= E (SHERPA's MC@NLO)
Uii 1 = VS.
£ " ] N, — oo colour coherence
& o —— MC@NLO, H®) =0 _ ,
s PRV T E (SHERPA's CSSHOWER++)
< —— PS,B— B |
o2 H=V1/2...V2kr l

e small effect on standard (rapidity
blind) observables, e.g. p, ;¢
— some destructive interference
at large p 4

SHERPA+GOSAM

PS / MC@NLO
o

e b e e b
o 05 1 15

2 25
log(pr,i1/GeV)
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Recent results

Recent results — pp — tt + jets MEPS@NLO

Hoche, Huang, Luisoni, MS, Winter arXiv:1306.2703

Importance of
Transverse momentum dependent forward-backward asymmetry N c = 3 COIOU r co he rence

R R AR (SHERPA’s MC@NLO)
E 02— —— MC@NLO, HA) =0 { VS.
F e ] N, — oo colour coherence
o S (SHERPA’s CSSHOWER++)

QJ
ﬂ

e small effect on standard (rapidity

ot E blind) observables, e.g. p, ;¢

na E — some destructive interference
] at large py 4

o i b b b b b bl

03 ot it i o e large effect on App(py +7)

60
711 [GeV .
prafoen] — subleading colour terms

increase asym. radiation pattern
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Recent results — pp — tt + jets MEPS@NLO

o Definition of forward-backward asymmetry of an observable O

dow|_ dou

dO dO
AFB(O) _ Ay>0 Ay<0

doy doyg

do Ay>0 do Ay<0

e Arg is ratio of expectation values
— conventional scale variations by factor 2 will largely cancel for
uncertainty on Afg

= use different functional forms of the scale defintion that behave differently

in Ay > 0 and Ay < 0 for a realistic estimate of uncertainty

e applies to other ratio observables, e.g. normalised observables, as well

Marek Schénherr
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Recent results

Recent results — pp — tt + jets MEPS@NLO

Hoéche, Huang, Luisoni, MS, Winter arXiv:1306.2703

Transverse momentum of the top quark

Setup: pp — tt+ jets £ 006 [T
o
¢ purely perturbative calculation E oo MePS@NLO ficore = 1y
(no hadronisation, MPI, etc.) 3 o= MEPS@LO ficoe = 1ty
1Y
T 0.04

e 0,1 jets @ NLO
cht =7 GeV

e perturbative scale variations
i/ F € [552] fef
hQ € [%7 \/5] Hcore

e variation of merging parameter
Qe € {5,7,10} GeV

e scale choices: o (ur) = ¥ (tcore) s(t1) -+ - s ()

1) Mcore = Mg

o
3
3

°
2
B
By B B B

<
s
5
Zw
=g
8
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Recent results

Recent results — pp — tt + jets MEPS@NLO

Hoéche, Huang, Luisoni, MS, Winter arXiv:1306.2703

Transverse momentum of the top quark

Setup: pp — tt+ jets e e AARAanaa
o purely perturbative calculation é 0'05; A
(no hadronisation, MPI, etc.) s F TSt T

e 0,1 jets @ NLO s °‘°“;’ 7
Qaut = 7 GeV 0oy o B

e perturbative scale variations f ]
HR/F € [%7 2] ider ’ *

HQ € [%7 \/5] Hcore oot § E

e variation of merging parameter =S
Qe € {5,7,10} GeV o w0 ao ‘ngmce‘vafo

e scale choices: o (ur) = ¥ (tcore) s(t1) -+ - s ()

2) Hcore = HQCD = 4/ 2 |p’bpj‘

4,7 ... No — oo colour partners, chooses between s,t,u

Marek Schénherr IPPP Durham
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Recent results

Recent results — pp — tt + jets MEPS@NLO

Hoéche, Huang, Luisoni, MS, Winter arXiv:1306.2703

Transverse momentum of the top quark

Setup: pp — tt+ jets

= 006 T T T T T T T T T T T T T T T T T T
z °°r \ \ \ \ \ ]
. . 9 L === MEPS@NLO Jicore = JIQcD
e purely perturbative calculation 2 sl == Mers@NLO jicore =1 ]
. . 0L ==~ MEPS@LO picore = floep |
(no hadronisation, MPI, etc.) E: = Mers@Lo e — iy 1
S ]
e 0,1 jets @ NLO s 3
Qeut = 7 GeV oo E 3
e perturbative scale variations f ]
1 ol b
/J’R/F € [57 2] Mdef oo r ]
1 [ ]
/’I/Q € [ﬁ7 \/i] Hcore 001 [ .
e variation of merging parameter [ ‘ ‘ ‘ ‘ e ]
Er v L L L L il |
cht S {57 77 10} GeV o 50 100 150 200 25;“ [Ge\gloo

k+n

e scale choices: o™ (ug) = a¥ (ttcore) s (t1) - - - s (tn)

1) Hcore = Mg
2) Hcore = HQCD = 4/ 2 |p1p]‘
4,7 ... No — oo colour partners, chooses between s,t,u
= different behaviour for forward/backward config
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Recent results

Recent results — pp — tt + jets MEPS@NLO

Hoéche, Huang, Luisoni, MS, Winter arXiv:1306.2703

Transverse momentum dependent forward-backward asymmetry

Setup: pp — ti+ jets

= 0.3 [TT T T[T T[T T[T [ rrrrrrrr[rirr)]

£ - Reconstructed top T

H H = L —— CDF data ]

e purely perturbative calculation N .. D85 (2013) 92002 |
(no hadronisation, MPI, etc.) F 1

e 0,1 jets @ NLO  —— E
L | E—— 4

cht = 7 GeV N [ ]

. . g —_— i

e perturbative scale variations E ]
1 01| B

/J’R/F 6 [57 2] Ndef ! r —— MEPS@NLO Jicore = HQCD 1

1 \/i [o= per‘tu‘rbative uncertainty —t ]

1Q €[50 V2] Heore sl pmtosen s

e variation of merging parameter oGt L
cht S {57 77 10} GeV o 10 20 30 40 50 nsfz[ce\,]o

k+n

e scale choices: o™ (ug) = a¥ (ttcore) s (t1) - - - s (tn)

1) Hcore = Mg

2) Hcore = HQCD = 4/ 2 |p1p]‘

4,7 ... No — oo colour partners, chooses between s,t,u
= different behaviour for forward/backward config
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Recent results

Recent results — pp — tt + jets MEPS@NLO

Mass dependent forward-backward asymmetry Rapidity dependent forward-backward asymmetry
L e e e R B R A B R RAaa 07 - ]
[ Parton level ] [ Parton level ]
06 [~ - 06 [~ -
r —— CDF data + r —— CDF data +
[ Phys. Rev. D87 (2013) 092002 ] r Phys. Rev. D87 (2013) 092002 ]
0.5 |-~ MEPS@NLO jicore = fQcD | 0.5 - — MEPs@NLO picore = pcD -
C perturbative uncertainty i C perturbative uncertainty =l
r — MEPS@NLO Jcore = MMyf b r — MEPS@NLO pcore = M7 b
0.4 — perturbative uncertainty — 0.4 - perturbative uncertainty —]
03 [ J 03— 4
02|~ 4 02~ =
n —I—/_._: L + =|
o1l —]_,_]_’_, oa | =
C SHERPA+GOSAM ] = SHERPA+GOSAM ]
N e DR PR P R R I LE Lw o
350 400 450 500 550 600 650 70O 750 0 0.5 1 15 2
gz [GeV] A

e no EW corrections (= 20%) effected
e right qualitative bahviour, but consistently below data
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Conclusions

Conclusions

e multijet merging at NLO proceeds schematically as at LO
— introduce MC-counterterm to retain NLO accuracy

o preserves NLO accuracy of the ME and accuracy of the PS in resumming
hierarchies of emission scales
— scale setting essential for recovering PS resummation

current release SHERPA-2.0.0
http://sherpa.hepforge.org

Marek Schénherr IPPP Durham
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Thank you for your attention!
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Conclusions

Resummation properties of parton showers

(0)FS = / 35 B(®p)

HQ
A(K)(thMQQ)O((I)B)+/d@lK((bl)A(K)(tvﬂgg)O(q)R)
to

e splitting kernel K(®1) o< &= P(2), ®1 = {t, 2, ¢}
e Sudakov form factor L=1log+t

t/
ARt 1) = exp l/ d® K(®1)| = exp [clozsLQ + coas L+ .. ]
¢

e parton shower starting scale g plays role of resummation scale,
at LO commonly identified with pp to recover PDF evolution

e resummation in evolution variable ¢,
c1 correctly described, ¢y at most in N, — co approximation

e o — a4(ky) catches dominant terms of higher log. order

Marek Schénherr IPPP Durham
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Conclusions

NLOPS matching

Héche, Krauss, MS, Siegert JHEP09(2012)049

(OyNeoPs /d@B BA(®p) A(A)(to,ué)O(@B)

+/d<I>R [R(@r) = Y- DN (@r)| O(@)

%

AP (1, 1) = exp [f ¥ d®, D™ /B}

A .
® use DE ) as resummation kernels

e resummation phase space limited by [LQQ = tmax
— starting scale of parton shower evolution
— should be of the order of the hard resummation scale
e POWHEG and MC@NLO now differ in choice of DEA) and ,ué
e SHERPA: DEA) = DES) @(uQQ —t) (N, = 3 CS kernels), pq free

Marek Schénherr IPPP Durham
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Conclusions

MEPS — Multijet merging at LO
<O>MEPS

= /dcbn B,

A(IC) (tOJ :U/Q) O

Mé K 2
+ / dq)l ]Cn AsL )(tn+1a /UIQ) G(cht - Q) On+1

to

+ /dq)n+l BnJrl Agc) (tn+1a /u*z)) @(Q - cht)

tnt1
{Agﬂ(?ﬁo, tnt1) Ong1 +/ d®; Kt1 An—i—l( n42, tng1) On+2:|

to

o LOPS for n-jet process restricted to region @ < Qcut
e LOPS for n + 1-jet process with additional Sudakov wrt. n-jet process
— implements correct resummation behaviour wrt. incl. sample

e truncated showering to account for mismatch of ¢ and @
Nason JHEP11(2004)040
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MEPS — Multijet merging at LO

<O>MEPS

/d<I>B

mismatch of O(x- as L)

e Bry1
+ /to dd, <Kn G(cht — Q) + B, @(Q - cht))

2

< AP (ty1, 1) Ona

® o, scales in B KC and B, 1 must be the same to retain resummation
properties of the parton shower

e interprete B, 11 as PS splitting on top of B,
— need to use inverse parton shower

Marek Schénherr IPPP Durham
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Conclusions

MEPS@NLO — Multijet merging at NLO

Hoche, Krauss, MS, Siegert arXiv:1207.5030

<O>MEPS©NLO
Gehrmann, Hoche, Krauss, MS, Siegert JHEP01(2013)144

_ / 4o, B® lAﬁLA)(to, 12) 0,

re DY )
+ / A% = A® (t1, %) O(Qan — Q) Oniy
to n

+ /d(I)n+1 [Rn — D%A)} G(cht - Q) On+1

B o
4 / A, B®), |14 Brt / A0, 1 | AD (b, 12) O(Q — Qeur)
Bn+1 tr1
tni1 D(A)
x| AW (to, tns1) Ona +/ d®, Bn_-"_IAglA-izl(tn+27tn+1)On+2
to n+

+/dq)n+2 |:Rn+1 - Dgﬁl} A%’C) (tn—i-ly ﬂzQ) @(Q - cht) On+2

Marek Schénherr IPPP Durham
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MEPS@NLO — Multijet merging at NLO

<O>MEP5©NLO

= /dq)” Bn, [A%K)(to’ “262) On mismatch of (’)(Nic a2 L3)
Hq D%A)
+ / dcbl (B A%A)(thrla Né) @(cht - Q)
to n

n

]*3(/\)1 .
=+ giJr Agc) (tn+l7 Né) ®(Q - cht)

X On+2

e a, scales in DY and B51A+)1 must be the same to retain resummation
properties of the parton shower

e interprete B, 11 as PS splitting on top of B,
— need to use inverse parton shower

Marek Schénherr IPPP Durham

Multijet merging at NLO 64



	MEPS - review
	MEPS@NLO
	Recent results
	Conclusions

