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Summary

...let's see how far we get!
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This talk is an experiment ...
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Hadronic events

Proton remnants

Secondary scattering

Proton remnants

Hadron collisions are a messy environment of. ..

...inital and nal state radiation, multipe scatterings, renamts of the

smashed proton, forming the omnipresent jets.
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Jets

Jets are collimated sprays of particles. But what is collime&ed

This is a problem of resolution:

Does the radiation only shift the properties of a jet (= jet eluion)?
Do we resolve the radiation as additional jet (= jet productiy?

5/37



Jets

Jets are collimated sprays of particles. But what is collime&ed

This is a problem of resolution:

Does the radiation only shift the properties of a jet (= jet eluion)?
Do we resolve the radiation as additional jet (= jet productiy?

5/37



Jets

Jets are collimated sprays of particles. But what is collime&ed

This is a problem of resolution:

Does the radiation only shift the properties of a jet (= jet eluion)?
Do we resolve the radiation as additional jet (= jet productiy?

5/37



Jets

Jets are collimated sprays of particles. But what is collime&ed

This is a problem of calculability:
Jet evolution described by in nite number of (quasi-classicpgjrtons.
Jet production described by xed number of QM-interferingrpans.

Calculations that describe only one case will fail to describeCLdta.
5/37




Jet evolution: Parton showers (+ other stu )

Based on collinear approximation. Any number of soft/coléme
emissions is possible.

Re-sums leading terms of the perturbative series to all ordets
multiplicative no-emission probabilities (Sudakovs).

Interface to hadronisation and decay of composite particles.

=) Describes jet evolution. /37



Jet production: Matrix element calculations

Calculate the QM transition probability for a (small) numbef o
well-separated partons.

Such con gurations are very likely in high energy collisions.
Calculation \complete" up to a xed (perturbative) order, wh well
controlled uncertainty. Calculations are by de nitiomclusive

=) Describes jet (-seed) production. Sy



Illustration

Remember:
At each order of s in QCD, new real and virtual corrections enter.

Real corrections alone contain logarithmic termk = In pTQ , e.g.

pp! e'eg = A (L?+B (L'+cC L°

Loop corrections have \the same" divergences, but with oppite sign!
Matrix element calculations include all terms in one order ofs.
Parton showers resum the most dominant collinear log to all k.

To illustrate, use gures to keep track of the coe cients of the logs:
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a,-terms containing
unresolved-+virtual
corrections

ay-terms containing

resolved real emission 8/37



lllustration: Fixed-order approximation

Fixed-order calculations Il towers:

>’WVV A

a,-terms containing unresolved + virtual corrections

ae-terms containing resolved real emission corrections
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lllustration: Fixed-order approximation

Fixed-order calculations Il towers:

S

a-terms containing unresolved + virtual corrections

a.-terms containing resolved real emission corrections

=) Next-to-leading order calculation faZ-boson production.
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Illustration: Parton shower approximation

Parton showers Il columns:

Parton shower generates no emission above p ,in:

l

>’VVV\/ ®A (pJ_m(ufv pJ.min)

a-terms containing unresolved + virtual corrections

Ve

ag-terms containing resolved real emission corrections

= No-emission probability A resums approximate virtual corrections in a column!
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Illustration: Parton shower approximation

Parton showers Il columns:

Parton shower generates one emission above p i in:

>\/\/\/\/ ®@A(mearv pLem)A(pLem» mein)

a-terms containing unresolved + virtual corrections

Ve

ag-terms containing resolved real emission corrections

= One-parton state also contains approximate virtual corrections through two no-emission probabilities A.
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Illustration: Parton shower approximation

Parton showers Il columns, in a cross-section-presenivay:

Combined parton shower output:

>’VVV\/ ®A (pJ_'rrL(u'> pJ.min)

+ >\/\/\/\/ ®@A(meamv pLem)A(pLem» mein)

a-terms containing unresolved + virtual corrections

e

ag-terms containing resolved real emission corrections

= Parton shower fills whole layers of logarithms.

10/37



Parton shower resummation vs. xed order

We now know two ways how to calculate multi-emission states:

Fixed-order perturbation theory:  +Contains all terms at one order.
+ Good for high p» .
Only feasible for few emissions.
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Parton shower resummation vs. xed order

We now know two ways how to calculate multi-emission states:

Fixed-order perturbation theory:  +Contains all terms at one order.
+ Good for high p» .
Only feasible for few emissions.
All-order parton showers: +lIs always nite.
+ Good for any number of emissions.
Only valid for very small p, .

Experiments at the LHC measure both loy» and highpp. phenomenal
With increasing collision energy, more and more states are gi-p, "!

=) To get a good data description, we need to combine these
complementary approaches!

=) This means we want the correct rst few s-coe cients, and all \higher
orders" as well.

11/37



...S0 what's the problem?

Fixed order one-parton calculation: Parton shower calculation:

%/‘

>’WV\4 A (P Limazs PLmin)
+ WD Lnas PLom) P Lems Pimin)

SFFET

== "Correct” description of one parton state. = Approximate description of one parton state.

Not sensible if log’s too large! Regular because of approximate virtual corrections.

Fixed-order (FO) and parton shower (PS) both produce one-ession states.
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so what's the problem?

Fixed order one-parton calculation: Parton shower calculation:

>’\/\/W AP Lmazs PLmin)

+ >'vvvn CoA(DLmazs DLem) D Lems PLmin)

SFFET

= "Correct” description of one parton state. = Approximate description of one parton state.
Not sensible if log’s too large! Regular because of approximate virtual corrections.

Fixed-order (FO) and parton shower (PS) both produce one-ession states.
=) Simply adding both calculations meandouble-countingthe top blue box!

=) When combining the calculations, we need to avoid overlaps! o)



Exclusive vs. inclusive
The PS is an all-order object

|
ps ME
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Exclusive vs.

The PS is an all-order object
|
ps Y& = PS4

ME .
- +0 S+0( 0 min)

inclusive

0 emissions in [o; min]
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Exclusive vs. inclusive

The PS is an all-order object

ps M

+0

ME
+0

ME
+0

PS PS
+ ot

Sio (05 min)

S0 (05 1) sPo sy (15 min)

0 emissions in [o; min]

1 emission in [ o; min]
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Exclusive vs. inclusive

The PS is an all-order object
|

PS E%F PS ff +

= +0 + 2

_ ME . 0 . . .
= +0 Swo (07 min) emissions in [o; min]
+ W oso(o0 1) sPo sy (15 mn) 1 emission in [ o; min]

+ M oso( o0 1) sPoos, (12 sP1 s, (20 min)* i

2 or more emissions in [o; min]

with the no-emission probability

s, (1, 2)=exp d P
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Exclusive vs. inclusive

The PS is an all-order object
|

PS +I\_/I0E PS ff +

= +0 + 2

_ ME . 0 . . .
= +0 Swo (07 min) emissions in [o; min]
+ W oso(o0 1) sPo sy (15 mn) 1 emission in [ o; min]

+ M oso( o0 1) sPoos, (12 sP1 s, (20 min)* i

2 or more emissions in [o; min]

with the no-emission probability

s, (1, 2)=exp d P
2

PS cross sections for @ed number of emissions amexclusive

Ps' M = 5 . 7 . pe
|~} |—{Z—) |z
exclusive: 0 and only O emissions exclusive: 1 and only 1 emission inclusive: 2 or more emissions
|
i i ME — PS PS PS — ME
and obey PS unitarity PS M- = 5+ 2+ 5, = W
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Removing overlaps

Lesson: Parton shower can add up di erent multiplicitiestingut
overlaps because it produces exclusive cross sections.
Exclusive cross sections are produced by multiplying with
Sudakov factors.

=) We have to multiply xed-order calculation with Sudakov
factors to remove overlap between ME's for di erent multigities.
When interfacing to a PS, we further need to remove the overla
between ME and PS.

There are two solutions for thisMatching and Merging .

Let us rst look at matching NLO calculations viaowHEG
(JHEP11(2004)040) and MC@NLO (JHEP06(2002)029) .
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POWHEG matching

/i

s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

Begin with NLO cross section
S

Bo=Bo+Vo+lyo+ d rad Byo Syo

15/37



POWHEG matching

Bo ( tmax; teut)

JAWAR

A | ¥

s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

Apply shower step...which can produce no emission. ..
§n ( tmax;tcut)
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POWHEG matching

B
gg B1  ( tmaxitemission)

|4 s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

...0r one emission

= B
Bn ol ( tmax;temission)
Bn
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POWHEG matching

B
gg B1  ( tmaxitemission)

Lo

|4 s-terms containing unresolved + virtual corrections

PS(temission? teut)

/

sterms containing resolved real emission corrections

...continue shower from 1-parton state:

= Bna
B
n B,

( tmax;temission) F’S(temission; tcut)
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POWHEG matching

s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

0- and 1-parton states are now exclusive We're allowed to add them!

— — Bpn+
Bn ( tmax;teut) + Bn Bnl

(' tmax; temission) Ps(temission;tcut)

n

Pro: Bn, independent of PS. Con: Sewing and PS together is tricky. 15/37



MC@NLO matching

J \

s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

Begin with NLO cross section

Q
Bo=Bo+Vo+lgo+ d rad Dijo  Syo
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MC@NLO matching

PS(tmax; teut)

/\/\

s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

Apply shower step...which can produce no emission. ..

Bn Ps(tmax;tcut)
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MC@NLO matching

B )
1?8 Bg D PS(tmax; temission)

s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

...0r one emission. ..

Dn+1jn

B
an

Ps(t max; Lemission)
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MC@NLO matching

B )
1?8 Bg D PS(tmax; temission)

By Bg D

\> |4 s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

...then correct to full real emission

Dn+1jn

B
an

Ps(tmax; temission) +(Bn+1  Dn+1)
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MC@NLO matching

B )
1?8 Bg D PS(tmax; temission)

PS( mission; teut)
‘,/l, // temission; teut

By Bg D

\> |4 s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

...shower the 1-parton events:

Dn+1jn

B
an

Ps(tmax; temission) Ps(temission; teut) + (Bnsr  Dnia)

16/37



MC@NLO matching

J

| — s-terms containing unresolved + virtual corrections

/

sterms containing resolved real emission corrections

Since everything is exclusive, add up the results:

Do
Bn ps(tmax; teut) + Bn % Ps(tmax; temission) l:’S(temi'ssion; tcut) ¥ (Bnsz  Dnsa)
n

Pro: Applying PS easy, logs-independent. Con: PS-dependent, neg. terms. . ..



Matrix element matching

Matrix element matching:
+ Next-to-leading order accurate.
+ Improved description of \ rst" Sudakov.

Only possible one process at a time.
Multiple jets always given by PS.

To produce an inclusive sample, with the description of ripié
partons simultaneously improved, we neexrging.
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ME+PS merging

Problem We want to describe multiple soft/collinear and hard jets
simultaneously.

Parton showers are good for describing soft/collinear jets.
Fixed-order matrix elements are good for well-separated.jet
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ME+PS merging

Problem We want to describe multiple soft/collinear and hard jets
simultaneously.

Parton showers are good for describing soft/collinear jets.
Fixed-order matrix elements are good for well-separated.jet

) Idea: Simply add serveral PS and ME samples?

Fixed order one-parton calculation: Parton shower calculation:

9A(P Lmaz P Lmin)

+ >‘WW BA(P Lmazs PLem) AP Lems PLmin)

=g
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ME+PS merging
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Problem We want to describe multiple soft/collinear and hard jets
simultaneously.
Parton showers are good for describing soft/collinear jets.
Fixed-order matrix elements are good for well-separated.jet

Just adding ME and PS gives massive double counting.
I Instead, use ME above a ctiy;s, and PS belowts.
This still has problems: ME overlaps and cut dependence.
I Apply the same weights above and below the cut.
Thus, reweight the multi-jet ME:
(a) Remove overlap by applying no-emission probabilities (e.g.
s, ( 0; 1) for no emissions before the rst emission scalg.

(b) Minimisetys dependence by multiplyings factors (running
s in the PS) and PDF ratios (for backward evolution of PS).

Add reweighted ME samples, ensure that PS does not Il ME region.

18/37



ME+PS merging example: At most one parton abovig,  tey

Zero-jet tree-level input:

S
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ME+PS merging example: At most one parton abovig,  tey

z z )
hoi = d o O(S+j)Bo s( 05 1:< tms) + O(Ss1)) B,
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...two or more emissions above abotg

19/37



CKKW-L merging

Pre-generate stateS.,, with n=0;1;:::;N emissions above a cut
p-» min With a tree-level calculation.
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CKKW-L merging

Pre-generate stateS.,, with n=0;1;:::;N emissions above a cut
p-» min With a tree-level calculation.

Take an input stateS, ,,.

Reweight with other factors that the PS would have multipli¢d
had it generatedS; .

Start PS onS;, and

Allow PS emissions for which we have no calculation.
Veto PS events with emissions for which we have a calculation.

Add the output for alln=0;1;:::;N.

20/37



Results

Inclusive Jet Multiplicity First Jet p>
= ET T T T ERE~ e o B
s E —- ATLAS data 18 . H - ATLAS data 1
3 L —— - Pythia 4 8 10 ——— Pythiag E
S 108 —— CKKW-L tys=15GevV = —— CKKW-L tys= 15GeV 3
z I — CKKW-L tys=30GeV § & CKKW-L tys = 30GeV
F —— CKKW-Ltys=45Gev § = —— CKKW-L tys = 45GeV  _|
+ r B 3
3 102 - E
O S — . E 3
| | | | |
\ \ \ \ I
s L 3
& ER
3 ]
O T ——— I ERNS)
2 S S — -
ob | | | | [ PRI N Y= PRI Sy S B
0 1 2 3 4 50 100 150 200 250 300

=z

P> [GeV]

=) Merging leads to an improved description of jet observables
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\Classical" tree-level merging methods

CKKW (nepo111(2001)063): Analytical NLL Sudakov factors s,,. Scales do
not correspond to any PS scales. No longer used.
Can produce unit-weighted events. Potentially largg; dependence.

MLM®: Approximate Sudakovs by jet matching vetoes.
Scales do not correspond to PS scales.

Relatively simple with unit-weighted events. Potentiallydartys

dependence.

CKKW-L ( aHerozos(2002)046): FUlly numerical Sudakovs, scales taken from
reconstructed PS history.

tus dependence small. Very small interference with PS and MPI.

Produces event weights @(1).

METS (JHePos(2009)053): Similar to CKKW-L, but di erent for unordered
states: Uses ME if 1st emission is beloy, but 2nd is above ys.
tus dependence small. Uses truncated PS to Il in hard jets belqw.

M. Mangano, Talk presented at the Fermilab ME/MC Tuning Workshop, October 4 , 2002. 22/37



However. ..
Results look ne. However, we explicitly choseus not too small.

=) Even if we minimise the dependence on thésbitrary parameter, only
certain values are allowed to begin with, i.e. the ones that&p
sln ﬁ‘g small.

Remember the KLN-theorem!

22/37



The problem with low merging scales

23/37



Solution: Subtract what you add. ..

JHEP1302(2013)094 (Leif Lennblad, SP), JHEP1308(2013)114 (Simon Phtzer)
24137



The unitarised ME+PS algorithm (UMEPS)

What we had before. ..

Pre-generate statesS,, with n=0;1;:::; N partons above a cutp> min
with a tree-level calculation.
Take an input state S, .

1.a Reweight with other factors that the PS would have multiplied had it
generatedS; .

2. Start PSonS., and
Allow PS emissions for which we have no calculation.
Veto PS events with emissions for which we have calculations.
Add the output foraln=0;1;:::;N.
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The unitarised ME+PS algorithm (UMEPS)

Now process the input twice!

Pre-generate statesS,, with n=0;1;:::; N partons above a cutp> min
with a tree-level calculation.
Take an input state S, .
1.a Reweight with other factors that the PS would have multiplied had it
generatedS; .
1.b Same as 1.a, but integrate over tha’th emission, and multiply with 1.
Integration simply means replacing: , by Sin 1.
2. Start PS onS;, and
Allow PS emissions for which we have no calculation.
Veto PS emissions for which we have calculations.
Add the output (positive or negative!)for alln=0;1;:::;N.

Let's look at an example!
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UMEPS example: At most one parton abovg; tey
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UMEPS example: At most one parton abovg; tey

z z z )
hoi = d o O(Swj) Bo Buo + O(Suj) By

26/37



UMEPS results

Pythiag |+
CKKW-L 15=0.5 Gev'
CKKW-L fye=1 GeV
CKKW-L tyje=2 GeV  ——

12407
s ) s
& 10107 ]
£ £
> 8040° >
El ] el

Pythiag |+
UMEPS 1,,5=0.5 GeV'
UMEPS (jye=1 GeV

UMEPS =2 Gev  ——

40 (UMEPS t,=05 GeV) / (Pythia8)
g = 30 (UMEPS lye=1 Gev )| (Pyihia)
£ £ 2 (UMEPS t5=2 GeV/ )/ (Pytias)
8 1 (Pytias) 8
(CRKW-L lye=1 GeV' )| (Pythia)
20 (CKKW.L 15-2 GV ) (Pythiag) ——
30
1 2 s 4 5 6 7 8 9 10
Pry [GeV] Pr [GeV]

) CKKWw-L overshoots for (very) low merging scales.

) UMEPS describes the Sudakov peak nicely.

(For jet observables (highp- tails etc.) UMEPS does as nicely a€KKW-L .)
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Matching vs. Merging

Matrix element matching:
+ Next-to-leading order accurate.
+ Improved description of \ rst" Sudakov.

Only possible one process at a time.
Multiple jets always given by PS.

Matrix element merging:

+ Process independent method.

+ Valid for any number of additional partons.

Only a leading-order method.
Multiple jets always given by PS.

However, for data description, we need more:

p» z is both a 0- and a 1-jet observable.
... Hy is an\inclusive" jet observable.

) To describe such observables, we néddD merging .

28/37



NLO merging: Strategy

Aim: We want to use the full NLO results whenever possible.

Do NLO multi-jet merging for merging schem¥. Basic idea:
Subtract approximateO( s)-terms from the X result.
Add back multiple NLO calculations.
Make some additional re nements to ensure that higher-multifity NLO
calculations do not in uence the result in a bad way.

29/37



PYTHIA8 NLO merging

Aim: We want to use the full NLO results whenever possible.

Do NLO multi-jet merging forumeps. Basic idea:

Subtract approximateUMEPS O( s)-terms, add back full NLO.
To preserve the inclusive (NLO) cross section, add approxiteaNNLO
(i.e. integrated n-jet NLO's).

) UNLOPS!.

1 JHEP1303(2013)166 (Leif Lannblad, SP), Similar scheme in JHEP1308(2013)114 (Simon Phtzer) 30/37



PYTHIA8 NLO merging

Aim: We want to use the full NLO results whenever possible.

Do NLO multi-jet merging forumeps. Basic idea:
Subtract approximateUMEPS O( s)-terms, add back full NLO.
To preserve the inclusive (NLO) cross section, add approxiteaNNLO
(i.e. integrated n-jet NLO's).
) UNLOPS!.
For unLoPs merging, \Z/ve will need exclusive NLO inputs:

Bn=Bn+Vn+lnpajn*t d rad Brsrjn ( ms t(Sens1; ) Dnsajn

We can get these e.g. by massagiRgwHEG-Box output.

1 JHEP1303(2013)166 (Leif Lannblad, SP), Similar scheme in JHEP1308(2013)114 (Simon Phtzer) 30/37



The unLoPs method

Start with UMEPS:

z z z !

hOi= d o O(S+wj) Bo+ By o Ba o
S S

|

z z zz )
+  O(Saj) B: Ba 1 + O(Si2j)B2
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The unLoPs method

Add full NLO results:

z ( z z z !

hOi= d o O(Swj) Bot Bo  Bu o By o B2 o
S S S

!

z z zz )
+ O(Syj) Bi+ By Ba 1 + O(Sw2j) B2
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The unLoPs method

Remove all unwantedO( )- and O( I*!)-terms:

z z z z z z
hOi= d o O(S.oj) Bo B o+ Buo By o Ba o B2 o
S s S 1;2 s s
z z bozz )

h i
+ O(Suj) B+ B Ba 1 + O(Si2j)B2
L2 s 2
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The unLoPs method

UNLOPS merging of zero and one parton at NLO:

z z z z z z
hOi= d o O(S:oj) Bo Bu o+ Buo By o B;; 0 B2 o
s s s 1.2 s s
z hoi z zz )
+ O(Syj) B+ By o SBZ! L + O(S+2j)B2

Or for the case of M di erent NLO calculations, and N tree-level calculations:

o1 z Z Z ( h i z
hOi = do O(S+mj) Bm + Em + Bm+11 m
m=0 m;m+1 s
oz oz w oz N2z )
il m Bi! m Bi+1! m Bi! m
i=m+1 S ji=m+1 S i+l jzme1 S i=M+1 S
z z z ( hoi z w Z )
+ do O(S:vj) Bu+ By Busir m Bitr
M;M+1 s M i=M+1 S
N Z Z Z 8 N A 9
+ d o O(Sinj) . Bn Bi

n=M+1 : i=n+l 31/37



The unLoPs method

UNLOPS merging of zero and one parton at NLO:

z z z z z z
hOi= d o O(S:oj) Bo By o+ Buo Bu o By o Bz o
s s s 1,2 s s
z hoi z zz )
+ O(Saj) B+ B o S|32! L + O(S+2j)B2

Or for the case of M di erent NLO calculations, and N tree-level calculations:

Inputs (B », By,) taken from standard (external) tools.
Merging done internally in P YTHIA 8.
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Full- edged example for UNLOPS merging
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UNLOPS results (W+jets)

Inclusive sample containing (W + no resolved)@NLO, (W + one resolved)@NLO and (W +two resolved)@LO.
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Figure: Ratio of the inclusive cross section for g¢ H after merging (H+0)@NLO,
(H+1)@NLO and (H+2)@LO, compared to the NLO inclusive cross section.

) NL3 (=CKKW-L@NLO) has problems for processes with large, loop-driven
NLO corrections.
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NLO merged results (squarks+jets)

Figure: 12 and p, , for u-squark pair production (mg = 500 GeV; m 0= 500 GeV;BR(&! u o) 1) after
merging (squarks+0)@NL01, (squarks+1)@LO and (squarks+2)@LO.

1 arXiv:1305.4061 (Gavin, Hangst, Kamer, Mshlleitner, Pellen, Popenda, Spira)
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Comparison to other NLO merging schemes

Nobody else goes through the trouble of unitarisation. Why?

FxFx: Restricts the range of merging scales. Violation numerically
small.
Probably fewest counter events.

MEPS@NLQ Improved, colour-correct Sudakov of MC@NLO for the
rst emission. Small (non-logarithmic?) violation only
comes from (R-D)-type events.

Improved resummation in process-independent way.

MINLO : applies analytical NNLL Sudakov factors, which cancel the
neccesary terms when merging two multiplicities.
Can be (and was) moulded into an NNLO matching.
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Summary

To describe data, we need to infuse parton showers with
matrix elements.

ckkw-L tree-level merging is included inyPHIA 8.
But it does not work for arbitrary small merging scales.

UMEPS tree-level merging is included inyfPHIAS.
uUMEPS almost cancels the merging scale dependence.
But it's not NLO.

Two NLO merging schemes are implemented iviTRIA8:
NL3 and UNLOPS.

UNLOPS is our preferred choice.

All merging schemes inHIA8 run on LHEF input, e.g.
POWHEG-BOX Or Madevent input.
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Back up
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How METS and CKKW-L |l phase space

(@ (B (© (d)

max max max max

y Ymax y Ymax y Ymax y Ymax

(a) Taken from the ME +2 jet sample, no information on merging
scale needed

(b) Taken from the ME +0 jet sample, with a shower veto on the
rst emission. In truncated showers taken from ME +1 sample

(c) Taken from the ME +1 jet sample, with a shower veto on the
rst emission

(d) Taken from the ME +0 jet sample, with a shower veto on the
rst emission
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How-To UNLOPS merging
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How-To UNLOPS merging
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Usage of CKKW-L

Generate LH events with MEG. Regularise MEG by implementing
your tys cut in the MEG (there are short-cuts, generic cuts can be
used).

Write a input le enabling the merging, by e.g. setting
Merging:doKTMerging = on

Tell PYTHIA 8 the process you want to merge, e.g.
Merging:process = pp>e+ve

and the merging scale value

Merging:TMS = 30

and the maximal number of additional partons
Merging:nJetMax = 3

(For ckkw-L, other tys-de nitions are possible.)

Use this as input fomain85.cc, or write your own main program.
Use output for histogramming.
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Hard process de nition
The merging needs to know about the hard process. Why?

1. How many emissions am | allowed to undo for reweighting?
Do | maybe want jets in the core scattering?

2. Which particles are "additional emissions"?

The hard process de nition can be fairly loose. Some exasiple

Process Merging:Process
pp! € corpp! € . pp>e+ve
pp! €'e jj
(leptonic Z decay, hadronicW decay) | pp>(z>e+e-)(w+>jj)
pp! " pp>LEPTONS,NEUTRINOS
pp! “*C Y = pp>LEPTONS,NEUTRINOS
pp! e5 e, ! anything pp>f er-,2000011 gf er+,-2000011 g
Merging:mayRemoveDecayProducts = on
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Merging scale de nition

For any merging scheme, we need a merging scale de nition.
CKKW-L in PYTHIA 8 allows:
minfk, g ! switch on Merging:doKTMerging
minf P2 .evoig ! Switch on Merging:doPTLundMerging
Q%+p,+ Rcuts! switch on Merging:doCutBasedMerging

Or you can de ne your own merging scale!

You need to also set the merging scale vaMerging:TMS

Inclusive LHE input is allowed.
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Merging scale values

By default, PYTHIA 8 uses your merging scale de nition, and merging
scale value, and rejects any input event not passing this cut.

Yellow: LHEF output, regularised Green:PYTHIA 8 input, after
with arbitrary cuts. removing events below
Merging:TMSvalue.

This only works if your cuts are more inclusive than the meggstale cut.

If you don't want this feature, switch o Merging:enforceCutOnLHE.
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Usage of UMEPS

Generate LH events with MEG, using minmal regularisation cuts.

Tell PYTHIA 8 the process you want to merge (same as fwxw-L),
e.g.

Merging:process = pp>e+ve

and the merging scale value

Merging:TMS = 30

and the maximal number of additional partons
Merging:nJetMax = 3

Use this as input fomain86.cc. Use output for histogramming.
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Merging scale de nition / value

For any merging scheme, we need a merging scale de nition.

UMEPS right now only allows for one merging scale de nition: the
PYTHIA 8 evolutionp; .

) Best to use inclusive LHE input fanain86.cc .
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Merging scale values

PYTHIA 8 uses your merging scale de nition, and merging scale value, and
rejects any input event not passing this cut.

Yellow: LHEF output, regularised Green:PYTHIA 8 input, after

with arbitrary cuts. removing events below
Merging:TMSvalue.

This means that you do not have to code the merging scale deamt
yourself, the implementation applies the cut for you.

37/37



Usage of NE. and UNLOPS

Usage of the NLO merging is very similar tkkw-L and UMEPS.
You need to tell FTHIA 8 the
Process (e.gMerging:process = pp>e+ve )
Merging scale value (e.guerging:TMS = 30
Max. number of extra tree-level partons (e.gerging:nJetMax = 3)
Max. number of extra partons @NLO (e.gerging:nJetMaxNLO = 1)
...and you need to set
r Used in the MEG (e.gMerging:muRenInME = 80.9
g used in the MEG (e.gMerging:muFacinME = 80.4)
r used for Pythia hard cross section (e.gerging:muRen = 80.4)
¢ used for Pythia hard cross section (elgerging:muFac = 80.4)
(needed to use®OWHEG-BOX output, and when doing scale variations.)

Use this as input fomain87.cc or main88.cc. Use output for
histogramming.
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Inputs for NLO merging

Generate LHE les with minimal cuts.

Generate LHE les with xed g and .

PYTHIA8 uses your merging scale
de nition, and merging scale value,
and rejects any input event not
passing this cut.

That's more convenient than hacking
the POWHEG-BOX.

Yellow: LHEF output regularised with All double counting because of hard
minimal cuts. Green: PYTHIA 8 input, real emissions in the NLO calculation
after removing events below are taken care of internally.

Merging:TMS value.

POWHEG-BOX can be run with xed scales by setting

runningscales 0, btlscalereal 1, btlscalect 1, ckkwscalup O
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More information on merging

Documentation for CKKW-L merging in Pythia under
CKKW-L Merging
for UMEPS undertUMEPS Merging
and for NLO merging undeNLO Merging
in the PYTHIA 8 manual.

...and if you have questions, please ask!
stefan.prestel@thep.lu.se
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