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The SHERPA event generator framework

e Two multi-purpose Matrix Element (ME) generators
AMEGIC++ JHEP02(2002)044, EPJC53(2008)501
COMI = JHEP12(2008)039, PRL109(2012)042001

T

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

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

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

e A hadron and 7 decay package HADRONS++ 3 -
e A higher order QED generator using . */)\7‘ \ /\.\;ﬁ:.
YFS-resummation PHOTONS++ JHEP12(2008)018 1 f""..r‘j;\ ’

e A minimum bias simulation SHRIMPS to appear

Sherpa’s traditional strength is the perturbative part of the event
MEPs (CKKW), S-Mc@NLo, MENLOPS, MEPS@NLO
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Multijet merging

MEPS

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

tmax
Psn (tc; tmax) = An (tm tmax) + / dt,lcn(t/) An(t/a tmax)
t

c
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Multijet merging

MEPS

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

tmax
Psn (tc; tmax) = An (tm tmax) + / dt,lcn(t/) An(t/a tmax)
t

c

Multijet merging at leading order:

MEPs __ LO
do =do,
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Multijet merging

MEPS

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

tmax
PSn (tc; tmax) = An (tm tmax) + / dt,lcn(t/) An(t/a tmax)
t

c

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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Multijet merging

MEPS

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

tmax
PSn (tc; tmax) = An (tm tmax) + / dt,lcn(t/) An(t/a tmax)
t

c

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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Multijet merging

MEPS

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

tmax
PSn (tc; tmax) = An (tm tmax) + / dt,lcn(t/) An(tly tmax)
t

c

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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Multijet merging

MEPS

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

tmax
PSn (tc; tmax) = An (tm tmax) + / dt,lcn(t/) An(tly tmax)
t

c

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
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Multijet merging

MEPSs Scales:

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

tmax
Psn (tc; tmax) = An (t07 tmax) + / dt//Cn(t/) An(t/’
t

c

\
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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Multijet merging Scale choices

MEPS

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

tmax
Psn (tc; tmax) = An (tw tmax) + / dt,lcn(t/) An(tly tmax)
t

c

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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MEPsS@NLO

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

tmax _ _
Psn (tc; tmax) = An (tm tmax) + / dt/lcn(t/) An(t/a tmax)
t

c
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MEPsS@NLO

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

tmax _ _
Psn (tc; tmax) = An (tm tmax) + / dt/lcn(t/) An(t/a tmax)
t

Multijet merging at next-to-leading order:
doMEPS@NLo _ 3 ;NLO F’;é
=do) n

e NLOPs for 2 — n
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MEPsS@NLO

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

tmax _ _
Psn (tc; tmax) = An (tm tmax) + / dt/lcn(t/) An(t/a tmax)
t

Multijet merging at next-to-leading order:
do_MEPS@NLO _ dO',,'\l”_O ® Psn Q(cht _ Qn+1)

o NLOPS for 2 — n, restricted to emit only below Qcut

Marek Schonherr IPPP Durham

Matching and merging in SHERPA 4/20



MEPsS@NLO

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

tmax R
BS(fes tman) = A (fes frmae) + / AR () An (V' tors)
t

Multijet merging at next-to-leading order:
do_MEPS@NLO _ dO',,'\l”_O ® Psn Q(cht _ Qn+1)

r’\:}kol @(QnJrl cht)
® P5n+1

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

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

tmax R
BS(fes tman) = A (fes frmae) + / AR () An (V' tors)
t

Multijet merging at next-to-leading order:
do_MEPS@NLO _ dO',,'\l”_o ® Psn Q(cht _ Qn+1)

r’\:}kol @(QnJrl QCut) A'rL (tn+17 tn)
® PSnJrl

o NLOPS for 2 — n, restricted to emit only below Qcut
e add the NLOPS for 2 - n+1
o multiply by Sudakov wrt. 2 — n process to restore resummation
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Multijet merging

MEPS@NLO

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

tmax R
BS(fes tman) = A (fes frmae) + / AR () An (V' tors)
t

Multijet merging at next-to-leading order:
do_MEPS@NLO _ dO',,'\l”_o ® Psn Q(cht _ Qn+1)

r’\:}kol @(QnJrl cht) (An( n+17 ) A(l ( n+1atn)>
® P5n+1

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

NLO

o
o
L]
e remove overlap of A, and do,5Y
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Multijet merging

MEPS@NLO

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

tmax R
BS(fes tman) = A (fes frmae) + / AR () An (V' tors)
t

Multijet merging at next-to-leading order:
do_MEPS@NLO _ dO',,'\l”_o ® Psn Q(cht _ Qn+1)

AN O(Qni1 = Q) (Anltnrtstn) = AP (bus1, )
& PSnJrl G(cht - Qn+2)

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

NLO

o
o
L]
e remove overlap of A, and do,%Y, iterate

Marek Schonherr IPPP Durham

Matching and merging in SHERPA 4/20



Multijet merging Scale choices

MEPS@NLO

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

tmax R
BS(fes tman) = A (fes frmae) + / AR () An (V' tors)
t

Multijet merging at next-to-leading order:
do_MEPS@NLO _ dO',,'\l”_o ® Psn Q(cht _ Qn+1)

Aot O(Qns1 — Qeut) (An( natstn) — AW n+1,tn)>
® PSnt1 O(Qcut — Qn+2)
7’\7,I~LF2 O(Qnt2 — Qeut) (An(tn+1,tn) — Ag)(thrl,tn))
x (An+1(tn+2,tn+1) - A;Il1(tn+2,tn+1)) ® PS,49
NLOPS for 2 — n, restricted to emit only below Qcut

add the NLOPS for2 - n+1

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

NLO

o
o
L]
e remove overlap of A, and do,%Y, iterate
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Multijet merging

MEPS@NLO Scales:

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

tmax
PSn(te tmax) = A (te, tmax) + / A, () An(t, =
(te,tmax) ( ) t (t") An( \Ul\

Multijet merging at next-to-leading order:
do_MEPS@NLO _ dO_NLO ® Psn Q(cht _ Qn+l)

+ do 2‘_';01 @(Qn+1 - cht) (An( n+17 ) A(l
&® Psn+1 @(cht - Qn+2)

—

O
T

+ do’r’\:kg @(Qn+2 - cht) (An( n+17 A(l ‘LL
X (An+1( n+2atn+1) n+1 n+2a
o 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 resumms
§+H(HR ,ucore Qs tl

IPPP Durham
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Multijet merging

MEPS@NLO Scales:

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

tmax - -
PS,. (te, tmax) = Ap(te, tmax) + / dt'K,(t") A (t, =
t

oo \.):

c

Too
Multijet merging at next-to-leading order: \U'

do_MEPS@NLO _ dO_NLO ® Psn Q(cht _ Qn+1) /
@

+ o9 O(Qui1 — Qeut) (Anltnsr,tn) — ALY
® PSn+1 G(cht - Qn+2) \
+ oG O(Qui2 — Qaun) (Anltnir, ta) = A

X (An+1( n+2atn+1) n+1 n+Za
NLOPS for 2 — n, restricted to emit only below Qcut
add the NLOPS for 2 - n+1
multiply by Sudakov wrt. 2 — n process to restore resumm:

if tn(®n) # Qn(Py) truncated shower needed to fill gaps
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Multijet merging

Recent results

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, Héche, Krauss, MS, Siegert JHEP01(2013)144
pp — h + jets — SHERPA+GOSAM/MCFM
Hoéche, Krauss, MS, Siegert, contribution to YR3 arXiv:1307.1347
Héche, Krauss, MS arXiv:1401.7971
MS, Zapp, contribution to LH13

pp — tt + jets — SHERPA+GOSAM/OPENLOOPS
Héche, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)014040
Hoche, Krauss, Maierhdfer, Pozzorini, MS, Siegert arXiv:1402.6293
pp — 4€ + jets — SHERPA+OPENLOOPS
Cascioli, Hoche, Krauss, Maierhéfer, Pozzorini, Siegert JHEP01(2014)046
o pp — VH+ jets, pp — VV + jets, pp — VVV + jets
— SHERPA+OPENLOOPS

Hoche, Krauss, Pozzorini, MS, Thompson, Zapp arXiv:1403.7516

IPPP Durham
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Multijet merging

Results — pp — tt+jets

Inclusive light jet multiplicity

Hoche, Krauss, Maierhdfer, Pozzorini, MS, Siegert in arXiv:1401.7971

G o | ;
= 7_\.___ |
AL10t E
T E ]
r P S 4o Gev 4
1072 = =
1073 E
E P > 60 Gev 3
E x0.1 ]
1074 = E
== MEPS@NLO E=====oo 1
F === 165 x MEPSGLO e ’
oo SMC@NLO ol
s %0.01
[ SumrratOrenLoors e

| |

° 1 2 3
Nijet

Marek Schénherr

pp — tt+jets (0,1,2 @ NLO; 3 @ LO)
e scales:

2+”(,“’R) =« (,Uzcore) H as( ’)

HF = HQ = Hcore on2—>2
Qcut = 30 GeV

2
Heore = ——7 1 i
PbopP1 Pop2 DPoP3

® UR/F € [%72] M%}F

° 1q € (75, V2 us'
o Qun € {20,30,40} GeV

IPPP Durham
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Results — pp — tt+jets

Light jet transverse momenta

= E T 7 77 3 T =
£ = 3 %
3 ] P E
Ba107? = o8 4 ST ULLL TPLER ==
c E 20 iy
£ B &5 =
3 3 5
~ = 05 -
I el el DU — E|
TR Bl R === . 3 ] | | | | 3
stjet 3 ) i t } E
...... ] o] —
..... - ° E 3
...... El 2§ — E
...... £ Fansan S e | =
106 L = & & O e i p s i
E E| =
£ andjet ] R } } }

107 s MEPS@NLO SRS D 3 Q

E =0< 1.65 x MEPS@LO  : . sed jet 3 e

[ e S-MC@NLO 7 29

? 2

3 ~ o
E Suerra+OrENLoOPS 3 s 3 - 3
L1 | L] | i e E!
40 50 100 200 500 100 200 500
pr (light jet) [GeV] pr (light jet) [GeV]

e Shapes are stable

e Uncertainties are much smaller where higher accuracy is employed
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Scale choices

Scale choices

ag+k (:u%%) = alsc (/‘Lgore) Qs (t1> T Qs (tn) M%‘,a/b = text,a/b Mzg = M?ore

Free choices

@ /icore — SCale of core process identified through clustering with inverse
parton shower

Marek Schénherr IPPP Durham
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Scale choices

Scale choices

a;H_k (:u%%) = alsc (/‘Lgore) Qs (t1> T Qs (tn) M%‘,a/b = text,a/b Mz} = M?ore

Free choices
@ /icore — SCale of core process identified through clustering with inverse
parton shower
® 1g/r beyond 1-loop running

- calculate with chosen ur,r
- include renormalisation and factorisation terms to shift the 1-loop running

to above oy
B, 2ln) 5 (1og n )
s HCKKW
and
B Os 1 HF ! dz P 2
no - 08 toe Z oz wc(2)fe(Ta/2, LF)
€=q,9 a
— same as in UNLOPS Lénnblad, Prestel JHEP03(2013)166, Plitzer JHEP08(2013)114
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Scale choices

Results — pp — tt +jets — Afg

Hoéche, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)014040
Setup: pﬁ — tf+]ets Transverse momentum of the top quark

e purely perturbative calculation i A A AR AR R
(no hadronisation, MPI, etc.) 2 ol = MESONLO e =]
e 0,1 jets @ NLO s o0 T Marselojon =
Qe =T GeV a3 ;
e virtual MEs from GOSAM 0.03; 7
e perturbative scale variations k 1
1R/F € [5:2] et " E
HQ € [%7 \/i] Heore 001 [ 3
e variation of merging parameter T ]
Qur € {5,7,10} GeV a w o w w o w ww

e scale choices: aft"(ug) = a¥ (ttcore) s (t1) - - - s (tn)

1) Mcore = Mg
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Scale choices

Results — pp — tt +jets — Afg

Héche, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)014040
Setup: pﬁ — t{+]ets Transverse momentum of the top quark
e purely perturbative calculation L I I A

(no hadronisation, MPI, etc.)
e 0,1 jets @ NLO

Qcut = 7 GeV oot
e virtual MEs from GOSAM 003

e perturbative scale variations
i/ F € [52] fef
hQ € [%7 \/i] Hcore 001
e variation of merging parameter Ll

Quut € {5,77 10} GeV o 50 100 150 200 o

e scale choices: o (ur) = ¥ (teore) s (t1) - - - s (ty,)

o
2
N

=== MEPS@NLO pcore = HQCD

=== MEPS@LO Jicore = HQCD

do/dp, s [pb/GeV]

2) Heore = HQCD = 2 ‘plpj|
%,7 ... Neo — 0o colour partners, chooses between s,t,u

Marek Schénherr IPPP Durham
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Scale choices

Results — pp — tt +jets — Afg

Hoéche, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)014040
Setup: pﬁ — t{+]ets Transverse momentum of the top quark

. . = 0.06 T T T T

e purely perturbative calculation RN ‘ ! ! AR
. . Q L === MEPS@NLO pcore = HQcD

(no hadronisation, MPI, etc.) E ol — MErsONLO e = ]

= U0 === MEPS@LO fleore = HocD ]

° O’]_ jets © NLO g E === MEPS@LO Jicore = iy E
Qaut = 7 GeV St ;

e virtual MEs from GOSAM 003 [ 4
e perturbative scale variations k 1
1 0.02 |— ]

UR/F € [5,2] fidef : ]

1 g 1

HQ € [Ev \/i] Heore 001 | .

e variation of merging parameter T T R
Qut € {5,7,10} GeV a w o w w o w w o w

e scale choices: o (ur) = ¥ (teore) s (t1) - - - s (ty,)

1) Hcore = Mg

2) Heore = HQCD = 2 ‘plpj|
%,7 ... Neo — 0o colour partners, chooses between s,t,u

Marek Schénherr IPPP Durham

Matching and merging in 9/20



Scale choices

Results — pp — tt +jets — Afg

o Definition of forward-backward asymmetry of an observable O

dow| _ dou
do dO

AFB (O) Ay>0 Ay<0
doy; doy;

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 Agg

= use different functional forms of the scale defintion that behave differently
in Ay > 0 and Ay < 0 for a realistic estimate of uncertainty

Marek Schénherr
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Scale choices

Results — pp — tt +jets — Afg

Hache, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)014040
CDF data Phys.Rev.D87(2013)092002

Transverse momentum dependent forward-backward asymmetry

S e
£ - Reconstructed top 4
\E L —— CDF data ]
< o2 hys. Rev. - _ o
oz: Phys. Rev. D87 (2013) 092002 ] pp N tt+_]ets (0,1 @ NLO)
e . e Arp(py ) NLO accurate in all
T s pa B ] but the first bin
0
r —_— B e tops reconstructed from decay
i J products (jets, lepton, MET)
F — MEPS@NLO ficore = HQCD ]
F L Py pcertaney 1 e no EW corrections
o2 perturbative uncertainty -
[ Suerea+GoSam ]
O R I N B R B R
o ® w % a0 5

60 0
P11 [GeV]
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Scale choices

Results — pp — tt +jets — Afg

Héche, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)014040

Rapidity dependent forward-backward asymmetry

CDF data Phys.Rev.D87(2013)092002

Mass dependent forward-backward asymmetry

B o e o e e B L B B e e ] = O T T T T T T T T
g [ Parton level b £ [ Parton level b
2 C ] = C ]
E o6 - < o6[ -
< r —— CDF data , r —— CDF data ,
[ Phys. Rev. D87 (2013) 092002 ] r Phys. Rev. D87 (2013) 092002 ]
0.5 [~ — MEePsS@NLO picore = pcD ; 0.5 -~ MEPs@NLO picore = picD _
C perturbative uncertainty =l C perturbative uncertainty i
r — MEPS@NLO Jlcore = 1My5 b r — MEPS@NLO pcore = M7 b
0.4 — perturbative uncertainty — 0.4 - perturbative uncertainty —]
03 [ g 03 - J
02 — 02 [~ =
n + =| n |
- E | p—
= SHERPA+GOSAM [ SHERPA+GOSAM
oE Loy N v P TR PR P P T

o 0.5 1 1.5 2 350 400 450 500 550 600 650 700 750
Ay it myg [GeV]

parton level (exact top quarks)
e no EW corrections (= 20%) effected
e right qualitative bahviour, but consistently below data

Marek Schénherr IPPP Durham
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Scale choices

Results — pp — h+jets

Higgs boson transverse momentum
1

£ Er T T T 3
g E SHERPA MEPS@NLO E
& r 72 HR = HCKKW ]
.~ A IR =
Ty s e = 3
E ; B J Hoche, Krauss, MS, in arXiv:1401.7971
CE el pp — h+jets (0,1,2 @ NLO; 3 @ LO)
Tl ] 1 def
‘ | | | Lo * pr/r € (3,2 MRe/F
B s L .
N : ° 1 €75 V2 u
Y X
: o Qe € {15,20,30} GeV
g o8 e virtual MEs from McFMm (hjj)
06 e
T e T e T
po(h) [GeV]
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Scale choices

Results — pp — h+jets

Higgs boson transverse momentum

e A \ E scale choices: pp = ug = mp
g F SHERPA MEPS@NLO ]
=) L 7> PR = PCKKW ] 0 /J'R - ,UfCKKW
N SO R :W};/.
§ 1o E ~ st He=Hh é a§+n(/‘LCKKW) = 04? (mh) Qs (tl) c Qg (tn)
roo ] O [p =mp
[ 2yl
w07 R S S © ur=Hrp
e need to include ren. term
o SR b
24n
Qs (1R R
: Bn S(IJ’ )ﬁo (10g lu’>
I i HCKKW
g to restore 1-loop running to pckkw
=4 . .
— otherwise PS-accuracy violated

po(h) [GeV]

= difference beyond accuracy

Marek Schénherr

— same as in UNLOPS approach
Lénnblad, Prestel JHEP03(2013)166
Plitzer JHEP08(2013)114
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Scale choices

Results — pp — h+jets

1ggs boson transverse momentum (jet = ransverse momentum of e j1 system
Higgs b t t et = 0 T tum of the H jy syst
= ETTT T T T = L e L HLL e e e
= E T T I T % T T I I
g .
= = HERPA MEDPS( LO B S YHERPA MEPS LO
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e all predictions identical to MEPS@NLO accuracy
e vastly differing size of uncertainties
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Scale choices

Results — pp — h+jets
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Scale choices

Results — pp — h+jets
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Scale choices

Results — pp — h+jets
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Héche, Schumann, Siegert Phys.Rev.D81(2010)034026

Catani, Seymour Nucl.Phys.B485(1997)291-419
Schumann, Krauss JHEP03(2008)038
— similar ideas in Gieseke, Platzer JHEP01(2011)024
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Scale choices

Results — pp — h+jets

Parton shower uncertainties

Transverse momentum of leading jet

= L o e B N B S .
g Stteren MEPs@NEo 1 e evolution scale
g 10 Evol 1 / Kin o .
% — Evolo/Kino 3 Final State
£ e 0 2, 2t (1= Zos1)
3 10 Zigk(1=Zigr) ifi,j=g
1—%4 ifj=g
1| 2p, L i
PiPj Zijk ifi=g
1 else
- Initial State
1074 " 0 2pap; (1 = Zajr)
* 1—agp fj=
B o o e O A R o B 1 2Ppap; 1“3"‘ els]eg
& e E
4 L |
[ - .
I e e e o] e recoil scheme
= ]
2 o8l = 0 | initial state as if final state + _L-boost
o r i
5 oel E Héche, Schumann, Siegert Phys.Rev.D81(2010)034026
Comcbww v v v o b b by g 1 | original CS
o 100 150 200 250 00
3 > ;L(fl) [Ge\?] Catani, Seymour Nucl.Phys.B485(1997)291-419
Schumann, Krauss JHEP03(2008)038

— similar ideas in Gieseke, Platzer JHEP01(2011)024

IPPP Durham
18/20

Matching and merging in SHERPA



Scale choices

Results — pp — h+jets

Parton shower uncertainties

Higgs boson transverse momentum (1e; = 0)

e evolution scale

% R L A A
Q SHERPA MEPs@NLO .
2 L Evol1/Kino ] Final State
ot ; —— Evdlo/Kino 0 2pip; Zije(1 = Zi i)
5 . —— Evolo /Kin1 P i
3 — Evol1/Kin1 ] Zigk(1—Zig) ifij=g
° ] 11 2p, 1—Zijk ifji=g
2 PiDj P I
10 Zij ifi=g
E 3 1 else
o lF ] Initial State
B
i 0 2pap; (1 = Zajr)
£ 1—a4r fj=g
F 1 29 . aj,
- PaPj 1 else
°
k=1
Z .
< e recoil scheme
K} L e
& 0 | initial state as if final state + _L-boost
2 El Héche, Schumann, Siegert Phys.Rev.D81(2010)034026
= o E| 1 | original CS
60 30 oo Catani, Seymour Nucl.Phys.B485(1997)291-419
po(h) [GeV] Schumann, Krauss JHEP03(2008)038

— similar ideas in Gieseke, Platzer JHEP01(2011)024

IPPP Durham

Matching and merging in SHERPA 18/20



Scale choices

Results — pp — h+jets

Parton shower uncertainties
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Multijet merging Scale choices Conclusions

Conclusions

o 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
— core scale can be chosen freely
— beyond 1-loop running the scales can of course be freely chosen

current release SHERPA-2.1.1
http://sherpa.hepforge.org
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Conclusions

Thank you for your attention!
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® PSp41

o restrict MCONLO expression to region Q < Qcut
e add in real radiation explicitly, as in MEPS
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Conclusions

MENLOPS

doMENLOPs da:;“_o ® ﬁén C"‘)(cht - Qn+1)

+ kn(q)n+1) dO',I,'S_l @(Qn+1 - cht) An(tn-i-l: tn)
® Psn-‘rl

restrict MC@NLO expression to region Q < Qcut
add in real radiation explicitly, as in MEPS
restore logarithmic behaviour by explicit Sudakov
local K-factor for continuity at Qcut

Bn(q)n) Hn(q)n 1) Hn(q)n 1)
Bo(®,) ( B Rn@nl)) R @)

kn((bn+1) =
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Conclusions

MENLOPS

dO_MENLOPS _ dO',,'\L“_O ® ﬁg C—)(cht _ Qn+1)
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+ kn ((I)n+1( n+2)) d0'n+2 @(Qn+2 - cht)
X A’ﬂ(thrl? tn) An+1(tn+27 n+1) ® Psn+2

o restrict MCONLO expression to region Q < Qcut
e add in real radiation explicitly, as in MEPS
e restore logarithmic behaviour by explicit Sudakov
o local K-factor for continuity at Qcyut
Bu(®a) [, Hu(®at1)) | Ha(®ni1)
n( n+1) Bn(q)n) Rn(q)n+1) Rn((I)nJrl)
o iterate
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