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» MC@NLO and POWHEG are by now well established and
mature techniques.

» Why would you like another method of NLO+PS matching?

» The method is extremely simple.

» No negative weight events.

» In angular ordered PS - no need for a truncated shower.

» Simple at NLO = you may hope that pushing the method to
NNLO+NLO PS should be possible.



Notation: Drell-Yan process
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Basic idea of the MC scheme

DY cross section at NLO in collinear MS factorization for the g

channel:
Oby — 0By = Oby Dllst(xl»Mz) ® %CF(Z) ® DQTS(XZ:MZ) )
where
VS 2 (In(1 —2) 1422 2,
= 4(1 e E— —2——1 1- 7" — .
Cyo(z) = Cr|4( +z)< 1z ), T nz+ 6(1—2) 3T 8

All solutions for NLO + PS matching which use MS PDFs, need to
implement terms of the type 4 (1 + z?) (%) that are technical
+

artefacts of MS scheme.

The implementation is not easy since those terms correspond to the
collinear limit but Monte Carlo lives in 4 dimensions and not in the
phase space restricted by §(k%).

The idea behind the MC scheme is to absorb those terms to PDF.
[Staszek’s talk at previous PSR conference]



KRK method [Jadach, Kusina, Ptaczek, Skrzypek & Stawiriska "13]

1. Take a parton shower that covers the («, ) phase space
completely (no gaps, no overlaps) and produces emissions
according to approx. real matrix element K.

2. Upgrade the real emissions to exact ME R by reweighting the PS
events by Wg = R/K.

3. We define the coefficion function C¥(z) = [(R — K). To avoid
unphysical artifacts of MS.

4. Transform PDF for MS scheme to this new physical MC
factorization scheme.

5. As a result the virtual+soft correction, As,y, is just a constant
now. Multiply the whole result by 1 + Ag_y to achieve complete
NLO accuracy.
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1. Take a parton shower that covers the («, ) phase space
completely (no gaps, no overlaps) and produces emissions
according to approx. real matrix element K.

2. Upgrade the real emissions to exact ME R by reweighting the PS
events by Wg = R/K.

3. We define the coefficion function C¥(z) = [(R — K). To avoid
unphysical artifacts of MS.

4. Transform PDF for MS scheme to this new physical MC
factorization scheme.

5. As a result the virtual+soft correction, As,y, is just a constant
now. Multiply the whole result by 1 + Ag_y to achieve complete
NLO accuracy.

This has been shown to reproduce exactly the NLO result of fixed
order collinear factorization, for the case of simplistic PS by means of
analytical integration.

[S. Jadach at al. Phys.Rev. D87], or see Staszek’s talk at PSR2012 DESY

Could we implement the method in a popular, general purpose MC?



In alpha

0
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1. Take a PS that covers the («, ) phase space

Herwig++ (Dipole Shower)
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In beta

The evolution variable:

7> = k3 = afs.

In alpha

&

Sherpa 2.0
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In beta

The evolution variable:

7 = (a+ B)Bs.
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2. Upgrade the real emissions to exact ME by

reweighting.

The hardest real emission is upgraded to ME by reweighting:

Wr =R/K
Real part:
7 2
Wil(a, 8) = 11+(1—a§—ﬁ)2
. B a2 —a—28)
Weeh) = M A —a—pasd)
Note:

Very simple weight dependent only on the kinematics ¢, 8.



3. The coefficient function C,(z)

The coefficient function CX(z) = [(R — K).
» The full MC coefficient for the g4 channel:

CE¥3(2) = CB2)+CY3(2) = 52 Cr [2(1 ) 461 2) <§7r2 - g)] .

» Quark and anti-quark PDFs are redefined by:
> subtracting ~ % (1-2),

27 ) )
» absorbing ;—; Cr {11tzz In (1-2)

} , coming from MS coeff.
+

function



4. Redefine PDFs: MC PDF

Recipe: Make convolution of the LO PDF in MS (g and §) with the
difference of collinear counterterms in MS and MC schemes:

1
d
el @) = g @+ [ Faws (5.Q2) acy(@)

X

ACzq(Z) = ﬂ Cp 1_2 In 2

2 _ )2
Qg |:1+Z (1 Z) +1Z:|

n
Notes:
» The MC scheme has been validated by reproducing the
scheme-independent relations between DY and DIS.
[S. Jadach at al. Phys.Rev. D87]
» We constructed the LHAPDF grid (easy to use by all PS MC) for
the MC PDFE.
(As a source we used MSTW2008lo, other MS PDF possible).
» How big is the difference?



4. Redefine PDFs: MC PDFs

» Ratios with respect to standard MS PDFs for light quarks.
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4. Redefine PDFs: MS vs MC at LO

Introductory exercise:
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> 5% effect at central rapidities
» pronounced difference at large y coming from the x ~ 1 region

mz

Xip = —zet
5



MCFM MS vs MCFM modified MC scheme at NLO

Fixed order cross-check
(using modified MCFM: using MC PDF and MC C; )

oo = f®1+aCP)ef
oo = (fi+ ) ® (14 C) @ (fy + osAfy)

= fofi+a (8 efi+8[6f+CC 0L 0f) + 0 +0()
At O(ay):

CGEofiefi=00f+00f+C f0f

Drell-Yan, gq channel, a;s = as(mz), MCEM, MSTW2008LO

(336.36 = 0.09) pb = 25.79 pb + 25.79 pb + 284.77 pb

(336.35 4 0.09) pb

» Final result is scheme independent up to O(«s).
» Terms O(a?) ~ 16 pb, for this example; O(a?) ~ 0.2 pb.



5. Virtual+soft correction, Ag_

Virtual + soft:

qq - Qg 4 2 5
WV+S = ECF |:37T — 2:|
W[{i/g+s =0

Notes:
» Simple, kinematics independent!



Upgrading to NLO: the hardest emission

7

o'© = 03®Dg(Q%xe) ® De(Q, xs)



Upgrading to NLO: the hardest emission

oy = 08®De(Qxs) ® De(Q? xe)
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Upgrading to NLO: the hardest emission

o5y = 08 ®Dg(Qxe) ® De(Q? xe)
©{Sa (@ A)Ks (4, 2155 (@ 1)
{ (42,71 Ke (43, 22)So (3, 47) + Sea(‘hafll)Ke(‘haZZ)Se(‘hv%)}
+55(Q% 1) ® Ko (41, 21) ® Se(Q%, 47)
{ (72, 71K (93, 22)So (73, 47) +S@(‘ha‘71)Ke(‘72722)56(‘727‘71)}}



Upgrading to NLO: the hardest emission

o O = o3 (14 V) © De(Q% xs) © De(Q xs)
©{55(Q* 3K (73, 21)56 (Q% ) Ro (4}, 21) /Ko (. 1)
©{55(03. 4)Ka (3. 22055 (3. ) + S (3. 7D)Ko (3. 22) S (3.4) }
+55(Q%,47) © Ko (g, 21) @ S (Q%,47) Re (43, 21) /Ka (47, 21)
{55 (. 4} Ke (73,2255 (3. 43) + S (3. 4} Ko (a3, 25 (3. 4D } |



Upgrading to NLO: the hardest emission

Steps:

1. Run LO PS! (Herwig/Sherpa) using MC PDF (via LHAPDF
interface)

2. Get and an event record (for example in the HepMC format).

GenEvent: #8 ID: alPre r :
Momenutm un
C Sectio
is event: 1 wi es, 5 pa
s are not defined.

17) (1,0.17886) (2,3 (3,9) (4,0) (5,1
nergy] alph 87 alph

Legend
Barcode ( Pz, Sta (

GenVertex:
I:2 1eg0l 8 26e+02,+6.26e+02
18002 0,+8 1.84e+01,+1.84e+01
10003 - - -1.50e+01,+1.51e+01
10004 . .71e+02,+5.71e+02
18005 -11 -2. -9 < .17e+01,+5.78e+01

3. Book a histograms (for example using Rivet) with MC weight
calculated from the event record (and information on a).

It is almost as fast as LO+PS calculation!

1Cover full Phase Space.



Matched results: total cross section

Schematically:
eV = B © (140, O) 0 ff,
T MME = (IS 0 Af) ® (14 0s CYC) @ (Y + asAfy)
O_tNO}O+PS,MC — (fMS + asqu) 1 T o IK% (1 + OéSAV+S)

® (f + s Af7)

Total cross section for DY, g4 channel, 8 TeV

Otot [Pb]
MCFM (MS PDFs) 1344.1 + 0.1
MCFM (MC PDFs) 1361.6 + 0.3
PS+full NLO (MC PDFs) | 1355.9 4 0.8

» The difference between fully corrected PS+NLO is at the level of
0.8% w.r.t. MCFM in MS scheme and 0.4% w.r.t. to MCFM in MC
scheme.



Matched results: distributions (vs fixed order)

Pr of e*e pair
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» Our results for y; distribution agrees with MCFM at NLO.

» As expected, pr distribution suppressed at low pr due to
Sudakov.

» Virtual correction spread over a range of pr.
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Matched results: distributions (vs matched results)

Pr of e*e pair
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» yz and pr distributions very close to POWHEG

(difference at low pr due to slightly different evolution variable)

> yz very close to MC@NLO, same for low and intermediate pr
(differences for the tail of pr distributions due to higher orders as expected)



qg channel

Adding qg channel is almost finished:
> W (a,8) =1+ a2

(1—a=B)(a+pB)
> ACy(z) = g2 T { [+ (1 - 27 In 052 4+ 221 - 2)}
> Wis=0
» Preliminary results:

Total cross section for DY, 8 TeV Otot [pb]
MCFM (MS PDFs) 1146.8 0.1
PS+full NLO (MC PDFs) 1127.6 + 0.5

In progress: final validation and comparison with the data.

v



Conclusions

» [ have discussed a method of NLO+PS matching:

» Real emissions are corrected by simple reweighting.

> Collinear terms are dealt with by putting them to PDFs. This
amounts to change of factorization scheme from MS to MC.

» Virtual correction is just a constant and does not depend on Born
kinematics.

» The method has been implemented on top of Catani-Seymour
shower.

> It has been validated against fixed order NLO for Drell-Yan
process in gq channel.

» First comparisons to MC@NLO and POWHEG.

Near future: g¢ channel (hence full DY), correction of n emissions,
public code (next Herwig++ release).



MCnet Schools

2014 MCnet Summer School
on Monte Carlo Event Generators for the Large Hadron Collider

 Annual School of Event Generator p,
< ohth MCOS hysics
he B 3

r;\\,,;/
—MCnet

71 Simulation of BSM Physics \
“ e Statistics and Limit Setting
« Introduction to Event Generators

' Industry Application: Modelling Nuclear Reactions,
« Boosted Particle Techniques/Searches

Sponsors:

Next MCnet school: Summer 2014, UK



MCnet Short-term studentships

training studentships

MCnet projects
Pythia
Herwig
Sherpa
MadGraph
Ariadne
CEDAR

3-6 month fully funded studentships for current PhD
students at one of the MCnet nodes. An excellent opportunity
to really understand and improve the Monte Carlos you use!

Application rounds every 3 months.

for details go to:
www.montecarlonet.org




Thank you for the attention!
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Inp

Ina

» Integration extends up
to a fixed kr = pur.

» For one PDF we get
oIn(1-2)
1—z

» Combining two PDFs
leads to overcounting

In(1—2)
by4 172Z

Could we reorganize phase space integration to remove the oversub-
traction?



Alternative factorization scheme
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Alternative factorization scheme

InB

A <1 na
RN g

g

o

> Integration in angle
rather than kr.

» No overcounting.

» This is equivalent to
saying that the 41“(1 2)
term gets absorbed

into PDFs.

Could the change of factorization scheme help us to simplify NLO+PS
matching?



sMC
AV+S—D ( ) — Cz,:)t (2)
where we use MS results, eq. (89) in Altarelli+Ellis+Martinelli (1979):

DY (2),=6(1 - 2) +46(1 — z)% (%772 - 4) +

e () (P2) (Leiar s ows o))

™ 12 1-2z

and collinear counterterm of psMC (one gluon in psMC in d = 4 + 2¢):

cgto(a) = G0 [ 92D [any.,, (5;*‘3) P(1 — 0,e)01sa =
B<a

m F

_ Cras <M) <1+A,Efln47r+ln )
. T

T 1-2z

Pl(z,¢) = P(2) + %5(1 — 22 4en(1 - 2).

S. Jadach NLO Parton Shower Monte Carlo
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This is Yennie-Frautschi-Suura (YFS) style!

Once LO MC is re-designed, introduction of the complete NLO to hard
process part is done with help of simple positive MC weight:

WA =14 Asiy + 3 B1(8, br, Psi 3, 25) T :aw(é,ﬁmﬁsia,;,zsi) 7
P(ZF/) do‘B(S 9)/dQ P(ZBj) do‘B(S,G)/dQ

jeF jeB

where the IR/Col.-finite real emission part is

PRY: a2
B o v, k) = [ U520 2 8.0r0) + U520 S0 5. 00)

1+(1—a—pB)>2dos,. »
2 aa, &0

1+(1—(y—[3) dog

790>ﬁfdﬂ (8,0) = Oacs

and the kinematics independent virtual+soft correction is

Ayis = L;as <1§772 - 4) + 70:15 %

Next slide more on Ay, s. -

S. Jadach NLO Parton Shower Monte Carlo



Notation: CS parton shower

The “Sudakov” form factor

de 5 Zmax(qz)
S(QZ,A27x)=/i / dz K(¢%,z,x),

A2 Zmin (9%)
where

Cras 1 +2* D(g%,x/z)/z
2 _
K(gz,x) = 2r 1—z  D(g%x)

» 2,4 - internal variables of the shower

» D(g%,x) - parton distribution functions

The kernel K is just a CS dipole written in terms of shower’s internal
variables multiplied by the ratio of PDFs due to backward evolution.



Convolution:

1 "1
Cee = [an [Can 6t nm) fe)f).

Eliminating x) and delta function we obtain?
1 dxq
o = [ =L fwre/m).
xox

C(2) = E(2) + {ACE) } 4 -

[€® Dy ® Dy](x) = [C ® Dy ® Dy(x)

+ @[({%Mmh ®D1) ® Dy] () + Cros

[p1 @ ({%A6<z>}+ ® Dy) ()
Denoting

Cra.
AD(x) = 2%
7r

1
[{;ac@}, ep]w.
D(x) = D(x) + AD(),
the above formula can be expressed at the NLO precision level (i.e. dropping NNLO terms) as follows:
[C ® Dy ® Dyl(x) = [C ® Dy ® Dy](x) + [AD] ® Dyl(x) + [D] ® AD,](x)
= [C®D; ® D)(x) + O(ad).

ZNote the importance of x/x; < 1 condition when eliminating delta.

@

3)
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