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reliminary remark on scales

‘Good scales’ are commonly found retrospectively
requiring NLO corrs be small or sensitivity minimized

‘Bad scales’ — big scale logs — big corrs & sensitivity

Big corrections can have real physical origins:
new production channels, I.R. logs, big colour factors,
big gluon lumi

Adjusting scale to make corrs / sensitivity small can
effectively ‘eat’ unrelated physics 1n scale choice
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MiNLT);:Multiscale 1mproved NLO

MiNLO only addresses processes with jets

MiNLO recipe doesn’t aim at minimizing M sensitivity
It’s more about getting a better central value
It’s a priori 1.e. there’s not so much you can ‘tune’

The M1NLO scheme 1s just the same one used for the
matrix elements in MCs using ME+PS merging ...

with a couple of easy-to-do modificat"s to keep NLO NLO

It therefore accounts for potentially big Sudakov
logs, beyond NLO, that can turn predict"s to garbage
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Rgainder of ME+PS methods

2. Apply kr jet-algo to get a shower history
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. R@nder of ME+PS methods

3. Include LL infrared effects [like a PS does]

Ai(ge ; Qm)
Ai(qe ; g2)

AiCge ; Im)
AiCge ; qi)

m Coupling constant weighting for branching vertices

M Sudakov suppression factors for no further emission in ME region
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Rgainder of ME+PS methods

4. F11l below the ge cut with vetoed showers
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Rgainder of ME+PS methods

Gives smooth behaviour as pseudopartons get

close
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. R@nder of ME+PS methods

Gives smooth behaviour as pseudopartons get
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V 4+ N bp log 2% ti gl ol (ug) R

QQ

®m Vary pr — ur’ in Born & you get back Born + 0Cas™“1)

2

S (uR) B+ Nbgald ™ (u )log'u—BJrC’)( N+2)

NR

®m Vary pr = pr’ in virtual & you get back virtual + 0Cas™?1)

112
]SVH (UR) V—I—Nbo log Q}SB

~ Nbyald ™ (i )log'uRB—FO( N+2)
M

B The net variation is 0(as™4) — scale compensation
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Extension 1: don’t break scale compensation —=

_—

B For this to hold when using multiple different scales 1n

Born «os’s input a fancy choice of pr to the virtuals:
1

= (TT)

B This way virt. p = p’ 0CasMt) variat" cancels that of Born

1/N
(H£1“z2) N+1 - i ARE
7 (un) [V N log " B~ tyad * (un) Y og L B+ 0 (a342)

()

B Equivalently, use some fixed p & subtract ‘by hand’ a
[scale] compensating term derived from the osM wgts

B Latter can be viewed as undoing the spurious NLO effect
coming from reweighting the Born with MEPS «s’s

12
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Extension 2: don’t overcount Sudakov logs

B Multiplication of Born by Sudakovs generates NLO IR logs

Af(QQ, Q) =1+ A(l)(Q()a Q) + O(ag)

C 1 Q2 QQ
AP (Q, Q) = _71"@8 — log? 0 —log %5 Qo ...... )

M But NLO was NLO so it already had them in 1t

B So as well as deleting NLO terms generated by os wgts

we delete OCas) expansion of all Sudakov wgts * Born
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 Properties of MiNLO

MiNLO 1s always NLO accurate - same as NLO up to NNLO

For sufficiently inclusive observables MiNLO 1s also
NLL accurate

When used as starting point for Powheg / MC@NLO the
scope of the resummation greatly extended ; multiple
emissions are explicitly accounted for.
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asatudy: NLO Higgs t_lcjet?

do/dp [pb/GeV] Ratio

e [ I EEMM@%&E@ s
T oo _ -
| 1.? _—..'Eﬁ'E"'5Eﬂ-ﬂ-;::Z:Z;gj;igilg;il?4%11.::.3::.}-::a:.:.is:zﬁ.:; m BB g @ g B BB
05} @ - ’
O | | | | - | | | | |
20 40 60 80 100 20 40 60 80 100

pr (GeV] p [GeV]
H PWG: gg — Higgs at NLO Powheg+Pythia
1) RUN: NLO H+1 jet with pgr= pg = pry
HJ] FXD: NLO H+1 Jet with MR = Mg = MH
The ref. 1line for ratios 1s NLO gg — H Powheg+Pythia
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asegas’gudy: NLO Higgs Ji_lcjetv

do/dp [pb/GeV] Ratio

; " . ¥ [ -"E-..G}..; ... L
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- ) @"“ig:l=m.ﬂi‘@‘[r!&rri..@...;.----.-3-- __G___

i} E'E';-EG B O Qoo . N oy i
5 ST 1 R A 7 . :“’f?f":ﬂ"'ﬁm-i.@?i&-?@-'-‘lﬂ-*ﬂ“‘-???"i"-*'ii@:{jé*_jfjéj_‘
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- B T1010i0:0 i 0 i g g @ : i Ty B BY N B R S :

1 o T EE‘«'IEL'I:E-‘EE{"E.:;.E_ﬂEn:..E..:.m"E.m“fr-wEuw-;ﬂ'—"g—'"—'j'i"—'aﬂ'i{':'l — PO’

20 40 60 80 100 S T R R —T
pr (GeV] p [GeV]
HJ RUN above HJ FXD : os(pr) > os(my)

NLO H+1 jet calcs outside each other’s envelopes by 60 GeV
H) RUN [pr=Hr=pr nl departs from resummed H PWG at 060 GeV

H] FXD’s high pr makes up for missing Sudakov a bit longer

Uncertainty envelopes shrink on way down from 40-60 GeV :-/
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ase:itudy:

do/dp [pb/GeV] Ratio

H PWQG —— 4F | | ~ MINLO
HJ MINLOQO sms 2 Koot
- s s oo oM MopoMoRiat o o i S o

X SRS :

S T _ 3;. _ FXD
[ Actibatiana. L. FUCTEAYERVAS - Shn s S e G T
051 * ‘ o B 111 = - o o=
" 20 40 60 80 100 20 40 60 80 100
pr (GeV] p [GeV]

MiNLO agrees w.other H+1l jet NLOs at high pr as promised
MiNLO within 40% of H PWG 1in deep Sudakov region
MiNLO’s scale uncertainty does not shrink towards low pr

‘Normal’ bands shrink to @ by having 1st Sudakov log only
Shrinking envelope as pr = @ 1s surely a bad sign
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'MiNLO in NLO & NLOPS

Theoretically well motivated scale setting recipe for
procs with light jets, based on that used in ME+PS

Unlike std. NLO i1t doesn’t break when Born kinematics
approach soft / collinear configurations

Scale uncertainties are also more reliable
The same as conventional NLO up to NNLO terms

Agrees better with conventional NLO wusing higher
scales e.g. Hr/2 [ ... but not Hr]

It’s a prerequisite for merging NLO+PS’s together

It’s pretty simple to implement ...
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MLNLO Mk?2

First MiNLO paper claims MiNLO Boson+jet 1s LO accurate

for inclusive Boson predictions

Rigorous investigat" in arXiv:1212.4504 [Nason et al.]
Reveals claim to be true ...

M It improved MiINLO s.t. NLO Boson+jet alone also gives
NLO for incl. boson observables

Like CKKW, at NLO level, but w/o any actual merging

Thursday, 31 January 13 19




~Case study: NLO H vs MiNLO Mk2 HJ

1072 ¢ H-+Pythia [ HJ4Pythia
| HJ-+Pythia | H+Pythia
15 A R
2 10 — ——=
& 05H e
4 3 =2 -1 0 1 2 3 4 3 2 -1 0 1 2 3 4
Yu Yu

Left NLO H PWG uncertainty w. MiNLO HJ] 1inset as green +’s
Right M1INLO HJ uncertainty w. NLO H inset in red +’s

Both 7 pt independent Hr , Hf scale variation bands

—
—
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~Case study: NLO H vs MiNLO Mk2 HJ

B H+Pythia [ HJ+Pythia =1 °
HJ+Pythia i H-+Pythia '

0.5 - | | | | | | | T | | | | | | | ]

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400
py [GeV] pl [GeV]

Again central values in good agreement

MiNLO HJ 1s NLO for H+jet and H inclusive

Powheg H only NLO for H inclusive

Hence M1INLO HJ band 1s expectedly smaller at high pr

———

—
—
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~Case study: NLO W vs MiNLO Mk2 W)

W+Pythia 7] T WJ+Pythia
WJ+Pythia W+Pythia

ratio
.|.
|
|

Yw Yw
W- @ Tevatron with 3-pt. symmetric scale unc. bands

MiINLO W] low w.r.t Powheg W by 4-5%, band larger by ~2%
1n central region and gets wider toward large yw

Powheg W uncertainty 1s pretty small < 3% ...

NO shape differences
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~Case study: NLO W vs MiNLO Mk2 W]

. - W+Pythia 7 T WJ+Pythia 07 -

= 10" | WJ+Pythia | W+Pythia '
9 g0 |
3 ]
101 |
-2 |
< 1077 ¢
S 10-3 |
51072 |
1.2 F

RN e i = ——— o e

N i S e e

0 50 100 150 200 250 300 50 100 150 200 250 300

py |GeV] py |GeV]

As with Higgs case differences in Sudakov f.f.s manifest
1n the low pr part of the spectrum

Powheg W error band is highly spurious for pr >~ myw [LO]
MiNLO W] band looks pretty reasonable [NLO]

———

—
—
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Co:riclusions on M1NLO Mk?2 v

MiNLO for NLO boson+jet, alone, refined to return,
simultaneously, NLO predictions for incl. boson prod"

Log accuracy 1s the same as before
‘CKKW at NLO’ without actual merging
Trivial rwgt of events [NNLO + MiNLO] gives NNLO+PS

Work needed to clarify rel" of scale variation 1in
conventional NLO inclusive w.r.t MiNLO for inclusive

Applicat" to other white-stuff+jet goes the same way

Applicat"” to higher jet multiplicities requires we
learn more resummation technology [ O(yearS) ]
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Casatudy: NLO Higgs J:_chet;

do /dpZ [pb/GeV] do/dyg; [pb/GeV]
10%

HJ PWG ——
HJJ MINLO —%— |

S SI

== 102 | HJ PWG —— aalll
Sma | Hl]NHNLOr—*a .

15 pid erxr)ﬁxrnr ) LD LT TR ---r---x-__l__ 15 _—'x faliatt " "‘"'X'l-x- R T S o |
1 hovapososnnicacencise i i 3 1 O itk i S B
QS‘*““””G : (0.5 perenensnnncnns T ==

1 1 1 O 1 1 1 1
20 40 60 30 100 0.5 1 15 9 2.5 3

p; |GeV] Yo1

H] PWG MiNLO Higgs + 1 jet feeding Powheg+Pythia

HJJ MINLO MiNLO H+2 jets

As before conventional NLO returns nonsense towards low pr
HJJ MINLO follows MiNLO H+1 jet [w.shower] down to pr= 0

———

—
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asatudy: NLO Higgs J:_chet;

Ratio

b -
r3-
r¥- 3%
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0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5
Y12 Y12

H] PWG MiNLO Higgs+l jet feeding Powheg+Pythia [ref line]
HJJ MINLO MiNLO H+2 jets
HJJ RUN NLO H+2 jets with pg

HJJ FXD NLO H+2 jets with pg

Il
L
-

HF
HF

I
=
T
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asg7§§udy: NLO Higgs t;;:jetg—

do/dp, [pb/GeV] Ratio

pl. > 20 GeV, 2 — jet inc 1.5 I |

1 3t r3rgter 3 Mo e Koo FommHemmmmnne Rz pnnnn Ko

=1
e A

@ ot pivteih 1
e SN 050 MINLO |
HJ PWG e 5k
_ HJJ MINLO -5 1 qvgee*eeeeeeeee_
a HJJ RUN Qe 05 cz-r.e-=,.e.-,.e.;.9.-,.9.;...@...;..@...;..e..+....e ..... - RS P 9....;
HJJ FXD e s

1.5 B e e BB B B
: ? %@7—%{:é-l'?"ﬁ-"%ﬁ@?fffl%??ff:ﬁf‘fff'.i’f’f’f’ffffl’l'f'ff’.’f’f’f?f’ff;T.'.'.'.'f.*.'.'ff e
0.5 _ 0.5 | oxpy -
Y50 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
it [GeV] pit [GeV]
Conventional NLO with pgr = pe

Conventional NLO with pgr = pr = H{/2 1n better agreement

Hr outside MiNLO envelope

Hr/2 1s a preferred choice nowadays in multi-jet NLO,

apparently giving increased scale stability
[So far] MiNLO HJJ & Z]J results agree OK with Ht/2
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M1iNLO @3—slide scant e>§|21:anati‘o_n

—— ———

LO do /dy dpr Xx-sec of Boson+jet is 0(as)

It has a pr— 0 finite bit which naturally integrates

to OCas) over pr

It also has a pr = @ singular bit

do o 2 d
I = {OésA In "5 fifj +as B fif; +P52p@(fifj)}

Now do MiNLO [“@LO”] 1.e. multiply by a Sudakov and
take scale in PDFs and as to be pr

m d2 m2
A(pT):eXp —/ %O{S (pT) |:A ln—2+B:|

Thursday, 31 January 13 28




M1iNLO @}—slide scant e>5|glcanati‘o_n

Using %:Adlnf we can write exactly
de de
dos dA\ d d
A =00~ Jifj t 00 A == (fifj) = A fif;

Integrating from pr= 0 [A = 0] to pr=m [A = 1] gives
the LO Boson rapidity dist":

dos .

'E;:WMﬁE
Imagine we forgot the B-term in the Sudakov, we would

not be able to make the exact differential and get

dos o
d—NUszfj / : OAO‘Sszfj
Y pT

1/pt? factor promotes integral from 0(Cas) to O0(Yas)
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M1iNLO @3—slide scant e§glzanati;n

By not having the B term in the Sudakov you get
LO+0(J/as) : this is not LO accuracy, LO + O(as) 1is.

Message : for LO B+jet to give LO B-incl. Sudakov
exponent must have same fif; singularities as what it

multiplies, or you get leftover Sudakov junk in B-incl.

Same thing holds at NLO level : mandates original MiNLO
formulation be refined to include the NLO correction to
the B term in the Sudakov.

In MLNLO B+jet, on pr integration, the Sudakov logs and

PDF evol" terms disappear leaving behind NLO B
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~Case study: NLO H vs MiNLO Mk2 HJ

: H+Pythia 00— 1} HJ+Pythia 7 |
e HJ+Pythia S H+Pythia '

_M
e e e e e ]

0 20 40 60 80 100 20 40 60 80 100
py (GeV] pl [GeV]
MLNLO HJ band widens at pr ; approaching strong coupling
H band not realistic as pr—0 ; reflects tot. x-sec unc.

Difference 1in shape as pr—0 due to different Sudakovs:
extra NNLL terms in MiNLO HJ, finite ones in Powheg H
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