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NNLOPS comparison
Two approaches

e POWHEG/MINLO + reweighting
pp — h Hamilton, Nason, Re, Zanderighi arXiv:1309.0017
pp — L4~ Karlberg, Re, Zanderighi arXiv:1407.2940

e S-MCONLO + UNLOPS + g, -slicing
pp — 007 Hache, Li, Prestel arXiv:1405.3607
pp — h Héche, Li, Prestel arXiv:1407.3773

both only work for singlet production where NNLO contrib only lives at
pL =0

= reflects my understanding of these papers, no guarantee that correct
in all respects
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Resummation properties of parton showers

0)Ps /dd)B

)| AE e 113) O(@,) + / 401 Kp(®1) ALt 13) O(Ppa)

splitting kernel K, = >" K; and ICj(®1) « &= Pi(z), 1 = {t, z, ¢}
Sudakov form factor
L=log %

=exp|aasl’+oal+...]

’

t
ARt t') = exp l—/ do; ()
t

parton shower starting scale ¢ plays role of resummation scale,
at LO commonly identified with pr to recover PDF evolution
resummation in evolution variable t, soft limit at most in N. — oo
c1 correct, ¢; at most in N. — oo approximation

1-loop running as(ky) catches dominant terms of higher log. order

= crucial in defining “parton shower accuracy”

o 5 =
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Resummation properties of parton showers

<O>PS = /d¢’n B, (®5) ]:n(ﬂ2Qv 0)

Folt, 0) = An(te, £) O(6p) + / by Kn(®1) An(E, £) Frsa (£, 0)

te

e generating functional F,(t, O) on n-parton state with starting scale t
e unitary higher order approximation with

- Ro(®ni1) = Ba(®n) - Kn($1) ©(1g — £) = Di(®s1)

- Vo(®4) & —Bo(®,) - [ddy Ka(P1) O3 — £) = — [ ddy D, (P, $1)
e can improve through (soft limit)

- matrix element correction Dy(®ns1) = Ra(Pny1) O(ug — £)

- N = 3 splitting functions Dn(®py1) = Ba(Ps) @ IC,,(&Jl) @(pé —f)

[m] = = =

it
<
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NLOPS

Two types:

e MC@ONLO/POWHEG

NLO correction smeared through resummation phase space
e UNLOPS

<O>NLOPS _ /d¢0 Bo((bo) ]?0(/1%)70) —|—/d¢1 Ho(¢1) ]:1(t170)

<O>UNLOPS /d‘Do Bo(®o) ]f'o(ué’ 0) -|-/d¢1 Ho(®;1) Fi(t1, O)
+ /d¢o [Bo - BO] (®o) O(®o)

NLO correction localised in Born phase space, not showered
= same logarithmic accuracy, differ at O(a?)

= resum logarithms wrt. ¥,
:
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B=B+V+ [ddiDeO(u — t) |
NLOPS H =R — DoO(t — )
Two types: Falt, 0) = Ap(te, t) O(dr)
e MCONLO/POWHEG + [ d®1 52 Au(te, ) Fria (£, O)

<O>NLOPS _ /d¢0 Bo((bo) ]?0(/1%)70) —|—/d¢1 Ho(®1) Fi(t1, O)

NLO correction smeared through resummation phase space
e UNLOPS

<O>UNLOPS _ /d‘Do Bo(®o) _7?0(“%)’ 0) -|-/d¢1 Ho (1) Fi(t1, O)
+ /d¢o [Bo - BO] (®o) O(®o)

NLO correction localised in Born phase space, not showered

= same logarithmic accuracy, differ at O(a?)
= resum logarithms wrt. ¥,
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NLOPS — resummation region

log;(k  jet resolution 1 — 2 [GeV])

. 3“ 103 ? T T L B LA N LR B T T T \—tE:
natural shower = E power shower 3
——— hfact profile Z E natural shower ]
resummation profile § 102 F ~—— hfact prof{le o
g E —— resummation profile =
= E 3
E r ]
T 10! |- .
A E =
S E 3
o r =
1 |
[N RN A AR AR NI |
05 1 15 2 25 3 35
logyg(di2/GeV)

e MCONLO choice: resummation region o ©(u3 — t)
e POWHEG choice: resummation region WL
pl+hY

graphics by S. Platzer
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NLOPS — resummation region

do/dpr [pb/GeV]

10—4 -

""" MC@NLO

— POWHEG h-o

---POWHEG h=my=400 GeV
---- POWHEG h=120 GeV
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CKKW /MiNLO

standard NLO

(0) = / 005 02(u) [B + as(r)V] O(5)
+ [ 40r a3(ur)R(®5) O(0)

od(pr) = ad(mp)
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CKKW /MiNLO

a3(jir) = a2(mp)as(pL)

Sudakov resums leading
jet pp in pp — hj wrt.
pp — h
A(pJ_ > mh,mh) =1
— underlying every mul-
tijet merging method

Marek Schénherr

CKKW /MiNLO
(0) = [ 08 a2(jir) Alps.my)
x B+ as(in)V + BAD] 0(04)
+/d¢R a3(jfir) A(pL, mp) R(Pr) O(PR)

e with NLL Sudakov result is finite as
pL—0
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CKKW/MiNLO

CKKW/MiNLO

(0) = / A0 02(jir) A(p., my)

x [B + as(fir)V + BA(”} 0(®5)

+/d¢R a3(fir) A(pL, my) R(®r) O(Pr)
al(fir) = a%(m)as(pL)
Sudakov resums leading
jet p1 in pp — hj wrt. o with NLL Sudakov result is finite as
pp — h pL—0

A(py > mp,mp) =1 e include proc. dep. B, to be NLO also
— underlying every mul- in pp— h

tijet merging method

o 5 =
I
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NNLOPS with POWHEG/MINLO + reweighting

Hamilton, Nason, Re, Zanderighi arXiv:1309.0017, Karlberg, Re, Zanderighi arXiv:1407.2940

A simulation that is accurate to NLO in both ®¢ and ®; can be
reweighted differentially in ®g by
doNNLO /s MiNLo

K(®g) =
(®o) do, ddy

to give a NNLO correct result. The resummation accuracy remains
untouched.

e generate MiNLO pp — hj, reweight in y, to HNNLO

o generate MiNLO pp — €{j, reweight in yge, 07, amee to DYNNLO
problem: cannot use same scales in POWHEG/MiNLO and HNNLO/DYNNLO

o residual effect on observables in ®; beyond accuracy

o 5 =
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NNLOPS with POWHEG/MINLO + reweighting

Hamilton, Nason, Re, Zanderighi arXiv:1309.0017, Karlberg, Re, Zanderighi arXiv:1407.2940

doldpr 7 [Pb/GeV]
o
3

LHC 14 TeV

pr2(GeV]

DVN?‘\ILO —
Zj-MiINLO —— 4
NNLOPS —— ]
10°
>
3 10-1
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3
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} _ng 10
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=] = = E = na
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NNLOPS with S-MC@ONLO + UNLOPS + g, -slicing

Hoche, Li, Prestel arXiv:1405.3607, arXiv:1407.3773

For g1 > g1 cut (g1L,cut < tc) @ SSMC@NLO calculation in ®; can be used
to complement an exclusive NNLO calculation at zero g, . Same as in
NLO multijet merging, overlap of the Sudakov form factor and the
NNLO calculation have to be subtracted.

<O>S>_3Aﬁ?u't\lw = / do; By (1) Fi(0) + / do, Hy($2) F2(0)
q. cut q.Lcut
add Ag for resummation wrt. ®g, subtract O(«s) expansion

= match NLO ¢; with S-Mc@NLo
match NNLO ¢, UNLOPS-style

Marek Schonherr NNLOPS— a comparison
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<O>UN2LOPS

NNLOPS with S-MC@NLO + UNLOPS + g, -slicing

- / ddbo BE () O()

Hoche, Li, Prestel arXiv:1405.3607, arXiv:1407.3773

ql cut

q.l,cut

+ / 40 [1 - Bo(1 + AY)] B(92) 0(01) + / ddy o(1+ ALY By(1) F1(0)
+ /d¢1[1—Ao]1§f(¢1) O(d;) + /d¢1A01’35(¢1)ﬁ1(0)

q.l,cut
gl cut

gL, cut
ql cut

T /d¢~2[17A0]Hf(¢2) O(®,) + /d%Aon(%)Fz(O)
+ /d4>2Hf(¢2)f2(0)

I
Marek Schénherr

BR=B-B

HR =H O(tr — t1) O(t1 — tc)
TE _ @ _ @R
H ﬁlﬁH—f]HI
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NNLOPS with S-MC@NLO + UNLOPS + g, -slicing

Hoche, Li, Prestel arXiv:1405.3607, arXiv:1407.3773

<O>UN2LOPS

= /dq)o EEL'CM(@()) O(q)(])

+ / dd, [1 —Ao(1+A§}))] By (1) O(®1) + / dd; Ag(1+ AMYBy(01) F1(0)

ql cut

g1 cut

+ /d¢1[1—AO]B5(¢1) O(d;) + /d¢1A01§f(¢1)ﬁ1(0)

ql1 cut

ql cut

+ /d¢2[1—AO]Hf(¢2) O(®2) + /d%Aon(%)Fz(O)

gl cut

+ /d<l>2Hf(¢2)J-'2(O)

ql cut

excl. NNLO contribution

gL, cut

BR=B-B
AR =H O(tr — t1) O(t1 — tc)
E_f—@R _

jasi]
A

£ DA
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NNLOPS with S-MC@NLO + UNLOPS + g, -slicing

Hoche, Li, Prestel arXiv:1405.3607, arXiv:1407.3773

<O>UN2LOPS

- / g BI- (D) O(®y)

+ /d<l>1 [1—A0(1+A§1))] By (1) O(®1) + /dd>1 Do(1+ AN By (1) F1(0)

ql,cut 41 cut

+ /d¢1[1—Ao]Bf(¢1) O(d;) + /d¢1A0Bf’(¢l)f1(0)

ql1 cut q.L,cut

T /d¢2[1—AO]Hf(¢2) O(®,) + /d%Aon(%)fz(O)

gl cut 91 cut
+ / do, HE(d,) F»(0) BR=B-B
9L AR =HO(t, — t1)O(t1 — tc)
S-MC@NLO in &1, with Ag resummation - Hfﬁz | —mR -
I Marek Schonherr I
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<O>UN2LOPS

NNLOPS with S-MC@NLO + UNLOPS + g, -slicing

- / ddbo BE () O()

Hoche, Li, Prestel arXiv:1405.3607, arXiv:1407.3773

ql cut

gL, cut

+ / 40 [1 - Bo(1 + A0)] B(92) 0(01) + / ddy o(1+ ALY By(1) F1(0)
+ /d¢1[1—A0]B5(¢1) O(d;) + /d¢1A01’35(¢1)ﬁ1(0)

q.l,cut
ql1 cut

gL, cut
ql cut

T /dd)z[lon]Hf(tbg) O(®,) + /d%Aon(%)Fz(O)
+ /d<l>2Hf(¢2)J-'2(O)

UNLOPS subtraction
:

Marek Schénherr
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HR =H O(tr — t1) O(t1 — tc)
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NNLOPS with S-MC@NLO + UNLOPS + g, -slicing
Hoche, Li, Prestel arXiv:1405.3607, arXiv:1407.3773

<O>UN2LOPS

- / ddbo BE () O()

+ / dd, [1 —A0(1+A§,1>)] By (®1) O(1) + / dd; Ao(1+ AM)By(0;) F1(0)

ql cut

ql cut
Y| BR 1)\ RBR T
+ / Ao, [1—A0(1+A0 )] BR(®1) O(9;) + / ddy Ag(1+ AD)BR(#1) F1(0)
q.l,cut q.l,cut

+ / 4o, [17A0(1+A§)1))] HR (,) O(®s) + / ddy Ng(1+ AD)HR(,) F5(0)

9L, cut gL cut
+ / A, HE(02) F>(0) BR_B_B
L et AR =H O(tr — t1) O(t1 — tc)
differs in higher order terms fE — f — fiR
| possibly smoother for large NNLO corr. o5 = = = OQGI
Marek Schonherr
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NNLOPS with S-MC@NLO + UNLOPS + g, -slicing

Hoche, Li, Prestel arXiv:1405.3607, arXiv:1407.3773

= = T T T
8 102F (5=7Tev , E ] 2 g
5 60 GeV<m <120 GeV SRR 5 — HQTLOPS z
= — NNLO = — NNLO
2 z — MC@NLO
g 5 ] g
3 3
10
18 == mi2<p <2m, o omy2<p <2m
B m,/2< I‘ZIEZ"M o) m:l4< |,|Z§mH !
-2
Sherpa+BlackHat 10 /A< fo<m,, HaT
R N T FUT TN TR EUEE B
o = e
2 1.1 g 12 o - =
Z 1 2 1
L ]
-‘%0'97‘H\"H\"H\H"\HH\HH\HH\HH\H | § 0'8”‘\”‘\‘” T A T T .
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pT.e’ Ge pTH Ge
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Conclusions

e both ansatzes differ by terms beyond NNLOPS accuracy
— different matching conditions lead to different uncontrolled terms
of relative O(a2), no impact on resummation accuracy

o if NNLO corrections are large, difference between schemes is large

o = = = £ DA
I
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Thank you for your attention!
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Backup
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