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JHEP02(2009)007

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

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

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

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

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

— full analytic control mandatory for consistency/accuracy
Marek Schonherr IPPP Durham
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Multijet merging

MEPS

<——Ps

Parton showers

resummation of (soft-)collinear limit
— intrajet evolution

Marek Schénherr IPPP Durham
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ME ——>

Matrix elements

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

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

IPPP Durham
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Catani, Krauss, Kuhn, Webber JHEP11(2001)063
Lonnblad JHEP05(2002)046
Héche, 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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Multijet merging

MEPs Scales:
* 0 e
g—[ e 1 s

Catani, Krauss, Kuhn, Webber .
Lénnblad
Hoche, Krauss, Schumann, Siegert

e matrix elements (ME) and parton showers (PS) are approxim f
different regions of phase space
o MEPS combines multiple LOPS — keeping either accuracy &

af T (ur) = of (Heore) s (t) - - as(tn)
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in h+jets production 6



Multijet merging

MEPS@NLO

NLOPs (MC@NLO,POWHEG)

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

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

e MEPS combines multiple LOPS — keeping either accuracy

o NLOPS elevate LOPS to NLO accuracy
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Multijet merging

MEPS@NLO

MENLOPS

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

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

e 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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Multijet merging

MEPS@NLO

MEPs@NLO

Lavesson, Lénnblad JHEP12(2008)070

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

Platzer JHEP08(2013)114

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
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Multijet merging

MEPS@NLO

MEPs@NLO

Lavesson, Lénnblad JHEP12(2008)070

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

Plitzer JHEP08(2013)114

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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Multijet merging

MEPsS@NLO Scales:

—
=
¥

MEPS@NLO ~

Lavesson, Lonnblad
Hoche, Krauss, MS, Siegert
Gehrmann, Hoche, Krauss, MS, Siegert
Lonnblad, Prestel
Platzer
e matrix elements (ME) and parton showers (PS) are approxim
different regions of phase space
o MEPS combines multiple LOPS — keeping either accuracy
o NLOPS elevate LOPS to NLO accuracy

a§+TL(MR) = a,lsg(,ucore) Qs (tl) T aS(tn)
¢ MEPS@GNLO combines multiple NLOPS

Marek Schénherr IPPP Durham
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Multijet merging

Resummation properties of parton showers

) = / D, B, ()

Marek Schénherr IPPP Durham
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Multijet merging

Resummation properties of parton showers

<0>P5:/dq>n B, (®,)

[ale]
AP (te, 1d) O(@,) + / APy Ko (@1) AN (8, 1)) o<q>n+1)]
te
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Multijet merging

Resummation properties of parton showers

0)Ps /d@ B, (

e splitting kernel C\, = Y7 K; and IC;(®1) ox 9= Pi(z), &1 = {t, 2,0}
e Sudakov form factor

n) | AR (te, 1) O(®n) + / Ay K, (@1) A (1, 113) o<<1>n+1>]

t/
APt 1) = exp [—/ d® K(®1)| = exp[cra,L* + oL+ ..
t

Marek Schonherr IPPP Durham
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Multijet merging

Resummation properties of parton showers

<0>P5:/dq>n B, (®,)

[ale]
AP (te, 1d) O(@,) + / APy Ko (@1) AN (8, 1)) 0(q>n+1)1
te

e splitting kernel C\, = Y7 K; and IC;(®1) ox 9= Pi(z), &1 = {t, 2,0}
e Sudakov form factor

v L=logt
APt 1) = exp [/ dd, K(®;)
t

= exp [cl a,L? +02045L+...]

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

Marek Schonherr IPPP Durham
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Multijet merging

Resummation properties of parton showers

<0>P5:/d¢n B, (®,)

[ale]
AP (te, 1d) O(@,) + / APy Ko (@1) AN (8, 1)) 0(q>n+1)1
te

e splitting kernel C\, = Y7 K; and IC;(®1) ox 9= Pi(z), &1 = {t, 2,0}
e Sudakov form factor

v L=logt
APt 1) = exp [/ dd, K(®;)
t

= exp [cl a,L? +02asL+...]

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

Marek Schénherr IPPP Durham
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Multijet merging

Resummation properties of parton showers

0)Ps /d@ B, (

e splitting kernel C\, = Y7 K; and IC;(®1) ox 9= Pi(z), &1 = {t, 2,0}
e Sudakov form factor

t/
APt 1) = exp [/ dd, K(®;)
t

n) | AR (te, 1) O(®n) + / Ay K, (@1) A (1, 113) o<<1>n+1>]

L=logt
= exp [cl a,L? +02asL+...]

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 1-loop running s — a5(ky) catches dominant terms of higher log. order

= crucial in defining “parton shower accuracy”
Marek Schénherr IPPP Durham
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Recent results

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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Recent results

Results — pp — h+jets

Higgs boson transverse momentum

s A ‘ 3

g F SHERPA MEPS@NLO ]

& [ 77 PR = PCKKW ]

§ OO R =1 Hoche, Krauss, MS, in arXiv:1401.7971

g 1071 M ” ur = Hp —

o E - 3] .
P 1 pp — h+jets (0,1,2 @ NLO; 3 @ LO)
ro : 1 def

T IR Fem * trsF € (5,2 1R P

° 1Q €[5, V2 us'
* Qe € {15,20,30} GeV
e NLO dependence
for pp — h+0,1,2 jets
LO dependence
for pp — h+3 jets
° 20 40 60 80 100

PG e virtual MEs from McFM (hjj)

=my,

Ratio to pg

Marek Schénherr IPPP Durham
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Recent results

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

IPPP Durham
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Recent results

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
> S MEPs@NI > S MEPs@N
il 77 JIR = HCKKW 7 & 77 PR = PCKKW ]
410 S iR = my N A iR =y
g e = Hy :; w g = A
o o
102
1073

1.8 _
£ 16 g KRR

. RRRRRRS
I I R R RIIRLK

14 R RRRLLRIRKLS
g g v.g.o'f..:::f;;::::::;f‘:;:g.:.y‘.‘:o’.o
g 2 RPN
s < 2 RIS
k=] =
g ]
&2 o8 ~ o8

0.6 0.6

o 20 40 60 80 100 o 50 100 150 200 250 300
po(h) [GeV] po(hjr)

e all predictions identical to MEPS@NLO accuracy
e vastly differing size of uncertainties

Marek Schénherr IPPP Durham
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Recent results

Results — pp — h+jets

Transverse momentum of the H jj j, system Transverse momentum of the H jj j, system
T .

SuERPA MEPS@NLO ]
A7 PR = HCKKW
A g =y,

g = Ay ]
VBF cuts

SuerrA MEPS@NLO
FF7 PR = HCKKW
A g = m,
+HHH g = HYp

do/dp, [pb/GeV]

do/dp [pb/GeV]
E‘

°

1074

ooz
o

g g
R
1 Il GRRRR &
1. R RAREGARK,
e 12 e R R R R R IERIRRRRL
A < RS
. 2 R S
g 2 R RIS
& o8 £ o8 Qﬁ.’,‘i‘gm?.i' o]
06 ! ! DM 06 THATH T
IR i1 TR ATHITY 1L
o 50 100 150 200 250 300 o 50 100 150 200 250 300
p1(hjijz2) p1(hjij2)

e all predictions identical to MEPS@NLO accuracy
e vastly differing size of uncertainties

IPPP Durham
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Recent results

Results — pp — h+jets

Azumuthal separation of the two leading jets Azumuthal separation of the two leading jets
7 L e e = O
Z ‘ ‘ ‘ ‘ ] Z o6
g SHERPA MEPS@NLO ] 2 SuerrA MEPs@NLO ]
T o8 s JR = PCKKW — T 014 s JIR = PCKKW
) A iR =y T 3 C SO g = my
_ 4 012 o
R = Hyp +HH g = A
o1 'VBF cuts

£ g B
Il A
= = =
X < 4
2 g 12 g
8 2 v
o o
Pt 2 1
5 5
o ~ o8 I
0.6

3
AP(j1. j2)
e all predictions identical to MEPS@NLO accuracy
e vastly differing size of uncertainties

Marek Schénherr IPPP Durham
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Status of SHERPA

Multijet merging

Recent results

Results — pp — h+jets

MR = HUCKKW

KR = Mh

MR:I:I'IP

incl
o) jet

12.271¢ pb

11.67177 pb

10.9715 pb

excl
00 jet

8.0570-82 pb

0.96
7717028 pb

7.3770-88 pb

incl
01 jet

4.1670%% pb

3.9110 7% pb

3.5470%% pb

excl
01 jet

3.0870-3% pb

2.92757; pb

2.6870:35 pb

incl
03 jet

1077535 pb

0.99709% pb

0.8670 15 pb

OVBF cuts

0.070
0.16575 059 Pb

0.15273:53% pb

0.12673:521 pb

central jet veto

OVBF cuts

Marek Schénherr

Uncertainti

in h+jets production

0.12470:93% pb

0.113%5:9%% pb

0.09670 015 pb

IPPP Durham
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Recent results

Results — pp — h+jets

[pb/GeV]

do/dp

Ratio to Evol 1 / Kin o

Higgs boson transverse momentum

Parton shower uncertainties

SHERPA MEPS@NLO
Evol 1/ Kino
—— Evol o / Kin o
—— Evolo / Kin 1
Evol 1 / Kin 1

o 10 20

40 50
p(h) [Gev]

e evolution scale

Final State
0 2pipj Ziji(1 — Zijk)
Zige(l = Zigr) ifi,j=g
v 1—Zik ifj=g
1| 2pip; Zi ik ifi=g
1 else
Initial State
0 2pap; (1 — @ajik)
11— ifj=
1 2pap; 1%’@ elsje !

e recoil scheme

0 | initial state as if final state + L-boost

1 | original CS

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

IPPP Durham




Recent results

Results — pp — h+jets

Parton shower uncertainties

Transverse momentum of leading jet

= L o e B N B S .
g I Suea Mepsanio | e evolution scale
£ 107 Evol 1 / Kin o E .
% — Evolo/Kino 3 Final State
kS —— Evolo/Kin1 ] 0 2pip; Zijk(1 = Ziji)
N —— Evol1/Kin1 5 1- 3 i
= = Z'!-J’C( —Zigk) ifi,j=g
3 E 1= %k ifi=g
F ] 1| 2pip; S ifio
[ ) E Zi,jk =g
7 B e, 3 1 else
d T ) = Initial State
10s L & T 0 2pap; (1 = ajik)
N I I I I 1 opp, 4 L= Taik fj=g
A e o e Dap
2 p ! ! ! ! ! E o 1 else
4 L |
[ - .
I e e e o] e recoil scheme
= ]
2 o8E 3 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
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Recent results

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
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Recent results

Results — pp — h+jets

Parton shower uncertainties

Higgs boson transverse momentum (1e; = 0)

e evolution scale

= — T T T T
%
Q SHERPA MEPS@NLO .
2 [ Evol1/Kino ] Final State
S T oo/ Xino 0 2pip; Zije(1 = Zi i)
5 —— Evolo /Kin1 2L 2, 0) g =
N Evol 1 / Kin 1 Zigk(L — Zijk) W) =9
° 9 1—Zijk ifji=g
1| 2pip; R Fio
Zijk ifi=g
1 else
Initial State
0 2pap; (1 = Zajik)
1—a4r fj=g
F 1 1 2 papj “
N I B A B Pabj 1 else
R L A e e e e s e e
§
M .
< e recoil scheme
5
2 initial if final 1-
i e~ e 0 tial state as al state + L-boost
< . LT T TE Héche, Schumann, Siegert Phys.Rev.D81(2010)034026
z L‘ ) ‘ E 1 | original CS
e T T, P 0 o Catani, Seymour Nucl.Phys.B485(1997)291-419
po(h) [GeV] Schumann, Krauss JHEP03(2008)038

— similar ideas in Gieseke, Platzer JHEP01(2011)024
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Status of SHERPA Multijet me Recent results

Results — pp — tt + jets

Inclusive light jet multiplicity

Hoche, Krauss, Maierhdfer, Pozzorini, MS, Siegert

arXiv:1402.6293

P> g0 Gev

pp — ti+jets (0,1,2 @ NLO; 3 @ LO)
e o 1gr € [3,2] lﬁf}p

o nq € 75 V2 i

o Qeut € {20,30,40} GeV

e virtual MEs from OPENLOOPS

=== MEPS@NLO
L ~ 1.65 x MEPS@LO
- SMC@NLO

Pt > 80 Gev
o,

2

Ratio to
MEPS@NLO

scale choices

Ree— R SR ) | P

=1

Ratio to
MEPS@NLO

® UF = HQ = Hcore

g
£2 2 2 1
g HCOre = -
g S—— 1 I 1 1 1 1
. . . T popt " pops T pops s T mi—i T mi-uw

IPPP Durham
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Status of SHERPA

Multijet me

Recent results

Results — pp — tt + jets

Light jet transverse momenta

do/dpr [pb/GeV]

and jet

H
i

Ratio to
MEPS@NLO

9

c

g’ —

i == —

25
Z 05 E andjet :

Ratio to
MEPS@NLO
-

o

et

40 50 100

Marek Schénherr

2

500
pr (light jet) [GeV]

Hoche, Krauss, Maierhdfer, Pozzorini, MS, Siegert
arXiv:1402.6293

pp — ti+jets (0,1,2 @ NLO; 3 @ LO)
o pr/r € 3,2 G g

o nq € 75 V2 i

o Qeut € {20,30,40} GeV

e virtual MEs from OPENLOOPS

scale choices

n
° a§+n(MR) = ag(ucore) H as(ti)
1=1
® F = HQ = Hcore
2 2 1
Heore = —1 1 1T = 1 i 1 T 1
Popi  PoP2  PoP3 s T om?—t T mi-u

IPPP Durham
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Status of SHERPA Multije e Recent results 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
— beyond 1-loop running the scales can of course be freely chosen

current release SHERPA-2.1.0
http://sherpa.hepforge.org

Marek Schénherr IPPP Durham
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Thank you for your attention!

IPPP Durham

32



Conclusions

MEPS

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

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

c

Marek Schénherr IPPP Durham
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Conclusions

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,

Marek Schénherr IPPP Durham
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Conclusions

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,(®,,)

Marek Schénherr IPPP Durham

s in h+jets production 35



Conclusions

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

Marek Schonherr IPPP Durham
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Conclusions

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

Marek Schonherr IPPP Durham
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Conclusions

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

Marek Schonherr IPPP Durham
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Conclusions

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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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:
Ao = do @ PS,, ©(Qeut — Q1)

+ dO'n+1 @(Qn+1 cht) An(tn+1; tn) (29 Psn+1 @(cht - Qn+2)
+ d0n+2 @(Qn+2 cht) An (tn+1a tn) An+1 (tn+2, tn—i—l) & PSn+2

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

arbitrary jet measure @, = Q,(®,)

add the n 4+ 1 ME and its parton shower

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

iterate

if t,(®p) # Qn(Py) truncated shower needed to fill gaps Nason JHEP11(2004)040
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Conclusions

MEPS@NLO

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

— ~ tmax - -
Psn (tca tmax) = An (tCa tmax) + / dt/K:n(t/) An(t/a tmax)
t

c
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MEPS@NLO

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

— ~ tmax - -
Psn (tca tmax) = An (tCa tmax) + / dt/K:n(t/) An(t/a tmax)
t

c

Multijet merging at next-to-leading order:

dO,MEPS@NLO _ do,sLO ® Psn

e NLOPS for 2 — n

Marek Schénherr IPPP Durham

in h+jets production 42



Conclusions

MEPS@NLO

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

— ~ tmax - -
Psn (tca tmax) = An (t07 tmax) + / dt,lcn(t/) An(t/a tmax)
t

c

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¢
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Conclusions

MEPS@NLO

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

— ~ tmax - -
Psn (tca tmax) = An (t07 tmax) + / dt,lcn(t/) An(t/a tmax)
t

c

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
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Conclusions

MEPS@NLO

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

— ~ tmax - -
Psn (tca tmax) = An (t07 tmax) + / dt,lcn(t/) An(t/a tmax)
t

c

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 - -
Psn (tca tmax) = An (t07 tmax) + / dt,lcn(t/) An(t/a tmax)
t

c

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

+ Ao O(Quit = Qa) (Bultninsta) = AV (tusn 1))

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 ( max) == An (tCa tmaX) + / dt/K: ( )A ( max)
t

c

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
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MEPS@NLO

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

tmax - -
PS ( max) == An (tCa tmaX) + / dt/K: ( )A ( max)
t

c

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
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Conclusions

MEPS@NLO

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

tmax - -
PS ( max) == An (tCa tmaX) + / dt/K:n(t/) An(t/’ /
t

Scales:

R \.):

c

ooo
Multijet merging at next-to-leading order: \U’
dO,MEPS@NLO _ do,sLO ® F’)\én @(cht _ Qn+1) /

+ oM O(Qui1 — Q) (Anltnsr,tn) — ALY

s f
oy Psn+1 @(cht - Qn+2) 2
+doMS O(Qusz — Qaun) (Anltnsr, tn) = A
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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Conclusions

MEPS@NLO

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

tmax - -
PS ( max) == An (tCa tmaX) + / dt/K:n(t/) An(t/’ /
t

Scales:

p— \.):

c

ooo
Multijet merging at next-to-leading order: \U’
doMEPS@NLO _ do.gLO ® Igén O(Qcut — Qnt1) /
+ dar'\tliol G(Qn—i-l - cht) (An( n+1a ) A(l ’?réi
— r2
oy Psn+1 G(cht - Qn+2) \
+ oM O(Qniz — Q) (Anltsstn) — AL

X (An+1( nt2stny1) — n+1 tnto,t
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 resumms

o if t,(P,) # Qn(Py) truncated shower needed to fill gaps
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