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ACCURATE MC’S: MOTIVATION

W dliidie and expernimental friendly predictions” e ScolliaEis
physics range from being very useful to strictly necessary.

B lilldenee” on possible excesses, evidences andSeERinEEiT

discoveries builds upon an intense (and often non-linear)
process of description/prediction of data via MC's.

MiEaslEements and exclusions always rely on  acelifei=
bredictions.

» Predictions for both SM and BSM on the same ground.

July 28-30 Orsay - France Fabio Maltoni

Friday 29 July 2011



OUTLINE

July 28-30 Orsay - France Fabio Maltoni

Friday 29 July 2011




OUTLINE

» Overview on progress In MC simulations
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OUTLINE

» Overview on progress In MC simulations

» Status and prospects for Higgs physics

S icelssion
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Where do we come from?

Where are we going to!
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MASTER QCD FORMULA

2 2

Uz u?z)

1
ox =3 [ didza fulon i) foa, k) % Bunerx Ot e, s (k)
a,b 0

Iwo Ingredients necessary:

|. Parton Distribution functions (from exp, but evolution from th).

2. Short distance coefficients as an expansion In s (from th).
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HOW CAN WE MAKE ACCURATE
PREDICTIONS?

FIrst way:

For low multiplicity include higher order terms in our fixed-order
Eilellanens (O INLO=NINLO.)

e 2
= Ualp it — O am CHSOAL ap (i) ap o o -

For high multiplicity use the tree-level results
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HOW CAN WE MAKE ACCURATE
PREDICTIONS?

FIrst way:

For low multiplicity include higher order terms in our fixed-order
Eilellanens (O INLO=NINLO.)

e 2
= Ualp it — O am CHSOAL ap (i) ap o o -

For high multiplicity use the tree-level results
Comments:

|. The theoretical errors systematically decrease.

2. A lot of new technigues and universal algorithms have been developed.
3. The frontier is now NNLCO!

4. Final description only in terms of partons and calculation of IR safe
observables = not directly useful for exp simulations.
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INCREASING THE ACCURACY
NLO contributions have three parts:

Virtual part Real emission part Born

[ 408190(@) = [ a0pV(@)0@1) + [ dPrR@R) O@r) [ d02B(@4)0(®5)

-+ Loops have been for long the bottleneck of NLO computations
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LOOP TECHNIQUES

modified by the speaker
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INCREASING THE ACCURACY
NLO contributions have three parts:

Virtual part Real emission part Born

[ 408190(@) = [ a0pV(@)0@1) + [ dPrR@R) O@r) [ d02B(@4)0(®5)

-+ Loops have been for long the bottleneck of NLO computations

-+ Virtuals and Reals are each divergent and subtraction scheme need to be used (Dipoles, FKS,
Antenna’s)

- /dch [B(CI)B) +V(®p) +/d<I>R|BS(c1>R)] O(®p)

b / A0 5 [R(®r) O(®R) — S(Pr)O(®5)]
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INCREASING THE ACCURACY
NLO contributions have three parts:

Virtual part Real emission part Born

[ 408190(@) = [ a0pV(@)0@1) + [ dPrR@R) O@r) [ d02B(@4)0(®5)

-+ Loops have been for long the bottleneck of NLO computations

-+ Virtuals and Reals are each divergent and subtraction scheme need to be used (Dipoles, FKS,

Antenna’s)

-+ A |ot of work Is necessary for each computation

The cost of a new prediction at NLO can easily exceed |00k$.
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Downloadable general purpose NLO code [Campbell & Ellis+ co

BEST EXAMPLE: MCFM

[aborators]

Final state

Notes

Reference

Final state

Notes

Reference

W/Z

H (gluon fusion)

diboson

(WIZIy)

photon fragmentation,
anomalous couplings

hep-ph/9905386,
arXiv:1105.0020

H+I jet (g.f)

effective coupling

Wbb

massless b-quark
massive b quark

hep-ph/9810489
arXiv:1011.6647

H+2 jets (g.f.)

effective coupling

hep-ph/0608194,
arXiv:1001.4495

WH/ZH

Zbb

massless b-quark

hep-ph/0006504

H (WBF)

hep-ph/0403194

W/Z+| jet

WIZ+2 jets

hep-ph/0202176,
hep-ph/0308195

Hb

5-flavour scheme

s- and t-channel (5F),
top decay included

hep-ph/0204093

hep-ph/0408158

Wc

massive c-quark

hep-ph/0506:89

t

t-channel (4F)

arXiv:0903.00085,
arXiv:0907.3933

Zb

5-flavour scheme

hep-ph/0312024

Wt

5-flavour scheme

hep-ph/0506289

Zb+tjet

5-flavour scheme

hep-ph/0510362

top pairs

top decay included

e Uprocesses

== First results implemented in 1998 ..this is | 3 years worth of work of several people (~4M$)

== Cross sections and parton-level distributions at NLO are provided

= One general framework. However, each
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Downloadable general purpose NLO code [Campbell & Ellist+co

BEST EXAMPLE: MCFM

laborators]

Final state

Notes

Reference

Final state

Notes

Reference

W/Z

H (gluon fusion)

diboson

(WIZIy)

photon fragmentation,
anomalous couplings

hep-ph/9905386,
arXiv:1105.0020

H+1 jet (g.f)

effective coupling

Wbb

massless b-quark
massive b quark

hep-ph/9810489
arXiv:1011.6647

H+2 jets (g.f.)

effective coupling

hep-ph/0608194,
arXiv:1001.4495

WH/ZH

Zbb

massless b-quark

hep-ph/0006504

H (WBF)

hep-ph/0403194

W/Z+| jet

WIZ+2 jets

hep-ph/0202176,
hep-ph/0308195

Hb

5-flavour scheme

s- and t-channel (5F),
top decay included

hep-ph/0204093

hep-ph/0408158

Wc

massive c-quark

hep-ph/0506:89

t

t-channel (4F)

arXiv:0903.0005,
arXiv:0907.3933

Zb

5-flavour scheme

hep-ph/0312024

Wt

5-flavour scheme

hep-ph/0506289

Zb+tjet

5-flavour scheme

hep-ph/0510362

top pairs

top decay included

Ea s Ubrocesses

= First results implemented in 1998 ..this is | 3 years worth of work of several people (~4M$)

= Cross sections and parton-level distributions at NLO are provided

= One general framework. However, each
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ENTS AT HADRON COLLID

Sherpa’s artist
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HOW CAN WE MAKE USEFUL
PREDICTIONS?

Second way:

Describe final states with high multiplicities starting from
P e DD Drocs, Using pariomn showers,

do"> = d®zB(®p) {A(prfin) + d®Rr BA(pr(®R|B))

RPS(CI’R)}

B(

RPS((I)R)
B(®p)

A(pr) = exp [—/ dOg B O(pr(Pr) — p1)| - ) = P(®rp)B(®B).

and then a hadronization model.
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HOW CAN WE MAKE USEFUL
PREDICTIONS?

Second way:

» Describe final states with high multiplicities starting from
P e DD Drocs, Using pariomn showers,

do"> = d®zB(®p) {A(prfin) + d®Rr BA(pr(®R|B))

RPS(CI’R)}

B(

RPS((I)R)
B(®p)

A(pr) = exp [—/ dOg B O(pr(Pr) — p1)| - ) = P(®rp)B(®B).

and then a hadronization model.

Comments:

|. Fully exclusive final state description for detector simulations
2. Normalization is very uncertain

3.Very crude kinematic distributions for multi-parton final states
4. Improvements are only at the model level.
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QCD AND MC (SIMPLIFIED) PROGRESS
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QCD AND MC (SIMPLIFIED) PROGRESS

Fully Automa

BSM framework

Matching: New Loop

= technigues

ic NIE@ETEs!

| N\
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QCD AND MC (SIMPLIFIED) PROGRESS

Matching:

MIEHRS
NLOwWPS
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[Mangano]
[Catani, Krauss, Kuhn, Webber]

M E W l T H P S [Frixione, Nason, VWebber]

Matrix Element Shower MC

4

|. parton-level description | hadron-level description

2. fixed order calculation 2. resums large logs

3. quantum interference exact 3. quantum interference
through angular ordering

4. valid when partons are

£ = collinear and/or soft
5. needed for multi-jet description 5 nedeed for realictict NEIE

4. valid when partons are hard and
well separated
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[Mangano]
[Catani, Krauss, Kuhn, Webber]
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|. parton-level description | hadron-level description

2. fixed order calculation 2. resums large logs

3. quantum interference exact 3. quantum interference
through angular ordering

4. valid when partons are

£ = collinear and/or soft
5. needed for multi-jet description 5 nedeed for realictict NEIE

4. valid when partons are hard and
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Approaches are complementary: merge them!
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[Mangano]
[Catani, Krauss, Kuhn, Webber]

M E W l T H P S [Frixione, Nason, VWebber]

Matrix Element Shower MC

4 4

|. parton-level description | hadron-level description

2. fixed order calculation 2. resums large logs

3. quantum interference exact 3. quantum interference
through angular ordering

4. valid when partons are

£ = collinear and/or soft
5. needed for multi-jet description 5 nedeed for realictict NEIE

4. valid when partons are hard and
well separated

Approaches are complementary: merge them!
Difficulty: avoid double counting
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RGING ME WITH PS

[Mangano]
[Catani, Krauss, Kuhn, VWebber]

ot Z

K =1.6 — 2= SHERPAT
szj:t N

L3t

= GCDF

I T 1 T Tk

Double counting of configurations that can be obtained in different ways (histories). All the matching
algorithms (CKKW, MLM,...) apply criteria to select only one possibility based on the hardness of the
partons. As the result events are exclusive and can be added together into an inclusive sample.
Distributions are accurate but overall normalization still “arbitrary”.
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W+JETS FROM TEVATRON TO LHC

CMS preliminary
|

36pb’at\s=7TeV |
W —puv
E/ > 30 GeV

(W—ev) + = n jets CDF Run Il Preliminary
T T T T T | T T T T

et % CDF Data f dL = 320 pb”

W kin: E2>20[GeV]; Il < 1.1
2djet MY > 20[GeV/c’]; E} = 30[GeV]

Jets: JetClu R=0.4; hi<2.0
hadron level; no UE correction

~ LO Alpgen + PYTHIA
Total 0 normalized to Data

L1 lllllll

i

energy scale
VZZZ7) unfolding

T T TTTI
| llIllllI

|

= MadGraph Z2
=== MadGraph D6T
= = Pythia 72

L IIIIII

1 | 1 1 | 1 1 | 1
100 150 200
Jet Transverse Energy (E7 ') [GeV]

o(W + = (n-1)-jets)

inclusive jet multiplicity, n

[t works amazingly welll
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W+JETS FROM TEVATRON TO LHC

CMS preliminary
|

36pb’at\s=7TeV |
W —puv
E/ > 30 GeV

(W—ev) + = n jets CDF Run Il Preliminary
T T T T T | T T T T

et % CDF Data f dL = 320 pb”

W kin: E2>20[GeV]; Il < 1.1
2djet MY > 20[GeV/c’]; E} = 30[GeV]

Jets: JetClu R=0.4; hi<2.0
hadron level; no UE correction

~ LO Alpgen + PYTHIA
Total 0 normalized to Data

I
L1 lllllll

i

T T TTTI
| llIllllI

energy scale
VZZZ7) unfolding

|

= MadGraph Z2
=== MadGraph D6T
= = Pythia 72

L IIIIII

1 | 1 1 | 1 1 | 1
100 150 200
Jet Transverse Energy (E7 ') [GeV]

o(W + = (n-1)-jets)

inclusive jet multiplicity, n

[t works amazingly welll

Can we improve It further?
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NLO WITH PS IN A NUTSHELL
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NLO WITH PS IN A NUTSHELL

R?(®R)
B(®p)

dO_NLO+PS e d(I)BBS((I)B) AS(prfin) i d(I)RlB

A*(pr(®))| +dPrR! (PR)
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NLO WITH PS IN A NUTSHELL

5 . R (®
doNEO+PS — 4@ 5 B (D) | A% (pT™) + A 5 B((q)j))m(pﬂ@)) +dBRR! (@)

< >

integrates to | (unrtarity)
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NLO WITH PS IN A NUTSHELL

R?(®R)
B(®p)

< >

WIth integrates to | (unitarity)

doNLO+PS — 49 B (B 5) {Mpffm) T d®pp AS<pT<<I>>>] +dBRR! (@)

o — B((I)B) o |:V((I)B) o / dq)R|BRS ((I)R|B):| Full cross section at fixed Born kinematics

R(®Rr) = R*(®Rr) + R/ (®r)
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NLO WITH PS IN A NUTSHELL

doMOHTS — 4B B () | A°GE™) + A0y A pr(®)| + dBrR ()

< >

WIth integrates to | (unitarity)

o — B((I)B) o |:V((I)B) o / dq)R|BRS ((I)R|B):| Full cross section at fixed Born kinematics

R(®Rr) = R*(®Rr) + R/ (®r)

SalsN@rmtla 1s valid both for both MC@NLO and POV ISIEES
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NLO WITH PS IN A NUTSHELL

doMOHTS — 4B B () | A°GE™) + A0y A pr(®)| + dBrR ()

< >

WIth integrates to | (unitarity)

o — B((I)B) o |:V((I)B) o / dq)R|BRS ((I)R|B):| Full cross section at fixed Born kinematics

R(®Rr) = R*(®Rr) + R/ (®r)
SalsN@rmtla 1s valid both for both MC@NLO and POV ISIEES

MC@N LO R? ((I)) — P((I)RlB) B((I)B) Needs exact mapping ($p®dr) 2O

F=1 = Exponentiates the Real.

POWH EG RS((I)) o FR((I)) 7Rf((1)) = (1 e F)R((I)) It can be damped by hand.
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MC@NLO AND POWHEG
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MC@NLO AND POWHEG

MC@NLO

[Frixione, Webber, 2003;
Frixione, Nason, VWebber, 2003]

- Matches NLO to HERWIG and
HERWIG++ angular-ordered PS.

- Some events have negative weights.

- Large and well tested library of processes.

- Now available also for Pythia (Q?)
[ Torrielli, Frixione, | 002.4293]

- Now automatized [Frederix, Frixione, Torrielli]
- Now avallable in aMC@NLO (see later)
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MC@NLO AND POWHEG

MC@NLO

[Frixione, Webber, 2003;
Frixione, Nason, VWebber, 2003]

- Matches NLO to HERWIG and
HERWIG++ angular-ordered PS.
- Some events have negative weights.

- Large and well tested library of processes.

- Now available also for Pythia (Q?)
[ Torrielli, Frixione, | 002.4293]

- Now automatized [Frederix, Frixione, Torrielli]
- Now avallable in aMC@NLO (see later)

July 28-30 Orsay - France
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POWHEG

[Nason 2004;
Frixione, Nason, Oleari, 2007/]

- |Is independent* of the PS. It can be interfaced

to PY TRIANFERVWICE e inlERay
- Generates only* positive unit weights.

- Can use existing NLO results via the
POWHEG-Box [Aioli, Nason, Oleari, Re et al. 2009]
- Method used by HELAC, HERWIG++ and

SHERPA [Kardos, Papadopoulos, Trocsanyi | 1O 26720
padop %
[Hoeche Krauss, Schooenner; Siegert, 1008.5399]

Fabio Maltoni




MC@NLO AND POWHEG

MC@NLO POWHEG

[Frixione, Webber, 2003; [Nason 2004;
Frixione, Nason, VWebber, 2003] Frixione, Nason, Oleari, 2007/]

- Matches NLO to HERWIG and - Is independent™® of the PS. It can be interfaced
HERWIG++ angular-ordered PS. o PICREIASEIER VY ERe @S inl=Rir e
- Some events have negative weights. - Generates only* positive unit weights.
- Large and well tested library of processes.
- Can use existing NLO results via the
- Now available also for Pythia (Q?) POWHEG-Box (il Nason, Oleari, Re et al. 2009]
[ Torrielli, Frixione, |002.4293] - Method used by HELAC’ HERWI|G++ and

- Now aUt,Omatllzed s aonc Jomcil] SHERPA [Kardos, Papadopoulos, Trocsanyi | 101.2672],
- Now available in aMC@NLO (see later) [Hoeche Krauss, Schooenner, Siegert, 1008.5399]

A thorough analysis of plus and cons in fact still to be done... see later.

July 28-30 Orsay - France Fabio Maltoni

Friday 29 July 2011




QCD AND MC (SIMPLIFIED) PROGRESS

New Loop

techniques

N\
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NEW LOOP TECHNIQUES

For the calculation of one-loop matrix elements, several
methods are now established

* Generalized Unitarity  (ex. BlackHat, Rocket,...)

[Bern, Dixon, Dunbar, Kosower, hep-ph/9403226 + ....; Ellis, Giele, Kunszt 0708.2398, +Melnikov
0806.3467]

* [ntegrand Reduction (ex. Cutlools, Samural)

[Ossola, Papadopolulos, Pittau, hep-ph/0609007/; del Aguila, Pittau, hep-ph/0404 | 20; Mastrolia,
Ossola, Rerter; Tramontano, 1006.0710]

* [ensor Reduction (ex. Golem)

[Passarino, Veltman, 1979; Denner, Dittmaier, hep-ph/0509 14 |, Binoth, Guillet, Heinrivh, Pilon,
Rerter 08 10.0092]
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GUINNESS WR NLO CALCULATIONS

W+4 jets tt+2ets
i ral 005 5 56] [Bevilacqua et al,, 1002.4009]

200 300 400 300 600 00 8OO 200 1000

W +djets+X  __ 10D
— NLO

N5 o= TTeV

HELAC-PHEGAS + CutTools A

W, =W, = H, /2
Py > GV, "1 <3

& - Ld -
Ep > 0GWV, In 1 <15

~
-
ot
=
=9
'—
pu s
-
=
-~

E} > 20GeV, .u:’ > 20 GV

Both based on unitarity methods and recursive relations for trees.
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QCD AND MC (SIMPLIFIED) PROGRESS

BSM framework
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QCD AND MC (SIMPLIFIED) PROGRESS

Fully Automatic NLOwWPS
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AUTOMATION
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AUTOMATION

-+ Cost saving
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AUTOMATION

-+ Cost saving

Irade human time and expertise spent on computing
one process at the time with time on physics and pheno.
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AUTOMATION

-+ Cost saving

Irade human time and expertise spent on computing
one process at the time with time on physics and pheno.

-+ Robustness
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AUTOMATION

-+ Cost saving

Irade human time and expertise spent on computing
one process at the time with time on physics and pheno.

-+ Robustness

Programs are modular and computations based on elements
that can be systematically and extensively checked. Trust can be
easlly built.
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AUTOMATION

-+ Cost saving

Irade human time and expertise spent on computing
one process at the time with time on physics and pheno.

-+ Robustness

Programs are modular and computations based on elements
that can be systematically and extensively checked. Trust can be
easlly built.

= \VWide accessibility
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-+ Cost saving

AUTOMATION

Irade human time and expertise spent on computing
one process at the time with time on physics and pheno.

-+ Robustness

Programs are modular and computations based on elements
that can be systematically and extensively checked. Trust can be

easlly built.

= Wide accessiblli

One framewor

Ly

< for all. Avallable to everybody for an unlimited

set of applications for all. Surtable to EXP collaboration.
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THE aMCENLO JOINT VENTURE
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THE aMCENLO JOINT VENTURE

MadGraph
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THE aMCENLO JOINT VENTURE

MadGraph

CutTools
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THE aMCENLO JOINT VENTURE

MadGraph

CutTools
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AUTOMATIC NLO IN SM
MADFKS+MADLOOP+AMC@NLO

IRlERIREREEErD] Frixione, FM,
Garzelli, Pittau, Torriell, | 103.0621].

+ Total sample cross sections at
the LHC for 26 sample procs

+ Very loose cuts just when needed

Running time: Two weeks on a
| 50+ node cluster

Proof of efficient EPS handling with ttZ.

Successful cross-check against

known results (and bugs found In
other NLO codes Zj, W+W+j))

All processes can be in aMC@NLO...
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Process

Cross section (pb)

LO

NLO

pp —+ ti
pp—rt]
pp—tj]
pp — thj

Myop
Miop
Myop

Miop/4

Miop /4

123.76 £ 0.05
34.78 £0.03
11.851 +0.006
25.624+0.01
8.195 +0.002

162.08 £0.12
41.03 £0.07
13.71 +£0.02
30.96 +0.06

8.914+0.01

F=)et i,

F ety g

F=)etve g
N Z —=)ete

mw
My
mas
myz
myz
my

5072.5+2.9
8284408
2088 +0.4

1007.0+£0.1

156.11 +£0.03
54.24 +£0.02

6146.2+9.8

1065.3 £ 1.8
300.3£0.6

1170.0£2.4
203.0£0.2
56.69 £ 0.07

" —=)etv.bb

F=)et .t
~*/Z —)ete bb
(v*/Z —)ete tt

pp — ytt

mw + 2my
My + 2Mygy

my + 2my
myz =+ 2Myep

2Myop

11.557 £0.005
0.009415 =£0.000003
9.459 £+ 0.004
0.0035131 £0.0000004
0.2906 £+ 0.0001

22.95+0.07

0.01159 £ 0.00001

15.31 £0.03

0.004876 4+ 0.000002

0.4169 =+ 0.0003

pp—WIW
o WHW ™ j

pp— WHWH jj

2myy
2m W
2m W

29.976 + 0.004
11.613 £+ 0.002
0.07048 +0.00004

43.92 +£0.03
15.174 4+0.008
0.1377 £ 0.0005

pp— HW
pp—HW"' j
pp—HZ
pp—HZ j
pp— Hitt
pp — Hbb

pp—Hjj

mw + My
my + My
my +mg
my +mgy
Miop + MH
my +mgy

My

0.3428 +0.0003
0.1223 +0.0001
0.2781 £ 0.0001

0.08896 +0.00001
0.16510 £ 0.00009
1.104 £ 0.002

0.4455 =+ 0.0003
0.1501 = 0.0002
0.3659 £ 0.0002
0.1237 £ 0.0001

0.09869 £ 0.00003

0.2099 =+ 0.0006
1.036 £ 0.002
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aMC@NLO PROSPECTS

L oihe clemients needed to calculate QCD correclions OO MEPieE= =
are present. [he missing bits are being included in MadGraph 5.

« QCD+EW corrections possible but need more work on MadlLoop.

» Automatic loop computations in BSM need new elements. Work Is in progress
to automate them.

* Analytic/numeric loop amplitudes from other codes can be easlly interfaced via
R Rietntes Flolches Accord, SIM or BSM.

 Use of the code will be made public via the web. Codes for processes will
follow and then meta code public in MadGraph 5.
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APPLICATIONS TO HIGGS PHYSICS

. GLUON-GLUON FUSION: PP—H+X

L WASHEES Aol S w MY
SEE PR HZ/HW
SRR PP H T

Based on:
NILG MIE oi7 (M Rl @il (7 M Eneian FHNEsEm, | il

Report of the LHC Higgs Cross Section Working Group, Arxiv: | 101.0593
+UPDATES
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SIGNAL:

— Herwig++
HNMNLO

Available in NLOwWPS implementations in the EFT: ! — Meamio :

— POWHEG+Pythia
POWHEG+Herwig i

— Sherpa 1.2.1(x 1.84)
Sherpa 1.1.3(x 1.36) 4

- (@)MC@NLO [Frixione et al. 0805.4802]

- POWHEG Box [Aloli et al, 0805.4802]

- HERWIG++ (POWHEG)[Hamilton et al. 0903.4345]
s FERIPO W EIEG)[Floeche et al, [008.5599]

Available also in the EFT MEwPS [MadGraph, SHERPA]

1
COMMENTS ON THE SIGNAL: :

EEE P PSR FETEE T FRET ST P PR I
0 5 10 15 20 25 30 35 40 45 50
Th

-pp = H + |,2 jets not available jet in NLOwPS!!

-Heavy-quark loop effects [Butterworth, Les Houches 2009]
-BSM production not available yet.

-Missing: interference between signal and backgrounds in MC's.
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PP~—H+X : DISCUSSION

Higgs p,: LO vs NLO vs Powheg, pr = g = my =130 GeV

— H (NLO)
—— H+ (NLO)
— H (Powheg)

de/dp | [pb/ GeV]

1 1 | | 1 1 1 I ] 1 ] | L 1 1 I l | ]
20 40 fo go ple

via POWHEG in SHERPA PulHICeY]

o ﬂlllj

“Artificial” enhancement at large pt :

By chance on the NLO result for this observable.
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my = 130 GeV
— HgT/McAtNIo
— HqT/PowHeg

|||T1rr|||1||||[|

0 20 40 60 80 100120140 160180200

[Hao Liu and Jianmin Qian, ATLAS] Hi 1ggs pT [GEV]

Well known agreement between MC@NLO
+HERWIG and the resummed result. Not quite
ol [HONAY RIEG
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PP—H+JETS VIA MEWPS

WITH HEAVY-QUARK LOOP EFFECTS
[Alwall, Li, FM, to appear]

Events are generated in the EFT and reweighted by the analytic (but slow) loop matrix elements.
Very efficient event generation achieved.

mh=400GeVQ7TeV-LHC Mh=120GeV 7TeV-LHC with mt=0

Matching with HEFT —<——| MLM HEFT ==

Matching with loop :———O———: MLM LOOP :——-0-——:

Pythia }--—+--1 4 " Pythia L =i=sil
Pythia With ME corrections|- —x— —] e Pythia With ME corrections |- —x— —]

T T TTTTTKD

50 100 150 200 250 100
PTh [GGV] PTh [GGV]

() TTTT]
=

SM. mu=400 GeV SUSY (~large tan(beta)) mp=120 GeV
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PP—H4+X : BACKGROUNDS

Almost everything is a background to Higgs in gluon-gluon fusion, depending of course on the decay
channels. Let me consider the basics and the most obvious ones.

i vaillable inl HERVWWIGT+ via POVWHEG [D'Errico et al., |'106.3939] Festai INISE@RE g
not available. Soon possible the comparison with [Catani et al., | [xxxoxoxx].

« HWW, ZZ: WW,ZZWZ in MC@NLO since long time. WW,Z/Z also avallable in HERWIG++.
Now in the POWHEG-Box [Melia et al,, | 107.5051]. Ready in aMC@NLO. Gluon channels from
o9)WW and gg2// [Kauer et al., 0807.0024,hep/ph/061 | | /0]

WWHljet, ZZ+ | jet and tt+ | jet possible but not available yet.
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PP—>/ZZ/Z—4L

NLO calculation includes Y'/Z interference, full spin correlations and interferences and single
resonant diagrams. Interfaced to Pythia and HERWIG. Extremely stable predictions.

- LFMSNERRTT M

" o/bid [pb\, at LHC 7 TeV
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(Also available in POWHEG-box now together with ZW, WW. No gg channel.) [Melia et al, | 107.5051]
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2Rl (AWVASHF )

SIGNAL:

Avallable in the POWHEG-BOX
[Nason, Oleari, 091 1.5299]

solid: POWHEG+HERWIG
dashes: POWHEG+PYTHIA

BACKGROUNDS:
NONE avallable at NLOWPS yet.

40
PT,TEtﬂ [G'Ev]

COMMENTS:

NLO for several “VBF" background processes known (see for instance VBF@QNLO [Zeppenfeld et
al.]) but not yet at NLOwPS. QCD backgrounds not available either. pp—Hjjj might be important.

NLO EW corrections are known and could be included. For measurements also pp—Hjj via gluon-
fusion might be relevant.
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PP—ZH/WH

SIGNAL: Higgs boson pg
Avallable In D
RERSVIGH (POVWHEG), ﬁ:ﬁihm only 3
POWHEG-BOX — coNLo '
MC@NLO (and aMC@NLO).

—HW++ NLO

BACKGROUNDS:

pp— Wbb

avallable iIn POWHEG [Oleari, Reina, | 105.4488] !
and aMC@NLO [Frederix et al, | 106.6019] P N

400 600

pp—/bb avallable in aMC@NLO pr [GeV]  HERWIG++
lE-ccibec: al 106,607
pp—W) done in aMC@NLQO, soon to be available

pp—Zjj not yet available.

1/odo/dpy [GeV 1]

COMMENTS:
Now available at NNLO [Ferrera, Grazzini, Tramontano, | 107.1164]: it would be interesting to
make comparisons. Inclusion of EVWV corrections! This process seems In pretty good shape.
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' VIA AMC@NLO

b—jet fraction (in %) at LHC 7 TeV o/bin [pb] at LHC 7 TeV

Wbb

100

1 |||||I.I.| L

10~1

10~°

aMC@NLO 10-3 [ aMC@NLO

y y y y ] y y ".'—__I_'_—-' :_-I
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]
i
M

|
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" e T
P = Vo v
e

Sl W e puly
No coo-wo coo

LS o i

bb—jet/b—jet
fraction

o

prlll/v1] [GeV]

NLO and NLOwWPS very similar and

b-jet and bb-jet rates in the 4F scheme .
consistent.
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VIA POWHEG

[Oleari, Reina, | 105.4488]

NLO NLO

POWHEG, no damp POWHEG, no damp
POWHEG POWHEG

Il IIIIIIII

/

=

200
py [GeV]

Perturbative tuning necessary in this case. Similar effect in the pt of H production, but
more serious as ptWV is a NLO observable in Wbb
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' VIA AMC@NLO

) I ) ) ) ) I ) ) )
o/bin [pb] at LHC 7 TeV 7

Wbb (aMC@NLO)
Zbb (aMC@NLO)
WH x10 (MC@NLO) A

ZH x10 (MCONLO) - Slgnal and Irreducible

E background now known
at the same level of
accuracy!

aMC@NLO

1 | 1 1 1 ]
300

m[jb,pjb,z] [GeV]
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BRI ST A

SIGNAL: o per bin [pb] at LHC 7 TeV—i
Available now in aMC@NLO [ ]
[EREeint calar and Pseudoscalar

IR aieral 104561 51,

H 120

—
N
(9)]

BACKGROUNDS:
NONE avallable at NLOWPS yet.

o i el
.l ||:Lm-| 5 -

4

1.2F

1.0 =
0.8 F <
0.6 =
15 E
16 anf
0.8 =
0.6

14

1.2

1.0E

0.8 F

0.6 &

: . |
400

500
Pt

: : |
200

300

]
N
—
(]
a
<
—

COMMENTS:
For the signal bbH/bbA under study in the aMC@NLO framework. For the NLO backgrounds ttj]
and ttbb are known. ttZ possible straightforward in the aMC@NLO framework.
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PP—TTH/TTA VIA AMC@NLO

¢ per bin [pb] at LHC 7 TeV-
A 40

il

o per bin [pb] at LHC 7 Te

H 120 no cuts, def. a
no cuts, def. b
pr>200 GeV, def. a

T T

no cuts, def. a

no cuts, def. b
pr>200 GeV, def. a

o IIII
o IIIII

200
mgg [GeV]

MC gives the possibility to study fully exlusive (and/or hadronic) kind of variables for

this process for the first time at the NLO.
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SUMMARY

lccec for better description and more reliable predictiOfsiCEi
processes for the LHC has motivated a significant increase of theoretical and

phenomenological activity in the last years, leading to several important
achievements.
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SM STATUS CIRCA 2002
BB [ Perlees
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SM STATUS CIRCA 2002
BB [ Perlees

3 45678 4

complexit
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SM STATUS CIRCA 2002

accuracy DB [l parucles

[loops]

3 45678 4

complexit
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SM STATUS CIRCA 2002

accuracy DB [l parucles

loops
I: p :I ’ fully inclusive

parton-level

‘ fully exclusive

3 45678 4

complexit
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SM STATUS CIRCA 2002

accuracy DB [l parucles

loops
I: p :I ’ fully inclusive

parton-level

‘ fully exclusive

A5¢678¢

complexit
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SM STATUS : SINCE 2007

A .
accuracy Dp— n particles

I:lOOpS:I ‘ fully inclusive

parton-level

‘ fully exclusive

3 45678 4

complexit
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SM STATUS : SINCE 2007

A .
accuracy Rl o elailEles

I:lOOpS:I ‘ fully inclusive

parton-level

‘ fully exclusive

7y 3 452 7

complexit
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SM STATUS : SINCE 2007

A .
accuracy Rl o elailEles

I:lOOpS:I ‘ fully inclusive

parton-level

‘ fully exclusive
0 9 fully exclusive and automatic

| 7y 3 452 7

complexit
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SM STATUS: NOW

A .
accuracy Dp— n particles

I:lOOpS:I ‘ fully inclusive

parton-level

‘ fully exclusive
9 fully exclusive and automatic

3 45678 4

complexit

July 28-30 Orsay - France Fabio Maltoni

Friday 29 July 2011




SM STATUS: NOW

—> [l PRIflcEs
accuracy , . %

I:lOOpS:I ‘ fully inclusive

parton-level

‘ fully exclusive
‘ 9 fully exclusive and automatic

aMC@NLO (MadLoop+MadFKS+MC@NLO)

@ @@

Q@ @ 999090
) 3 45678

complexit

July 28-30 Orsay - France Fabio Maltoni

Friday 29 July 2011




SUMMARY AND CONCLUSIONS

July 28-30 Orsay - France Fabio Maltoni

Friday 29 July 2011




SUMMARY AND CONCLUSIONS

licicech for better description and more reliable predictionsiicii
processes for the LHC has motivated a significant increase of theoretical and

phenomenological activity in the last years, leading to several important
achievements,
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SUMMARY AND CONCLUSIONS

licicech for better description and more reliable predictionsiicii
processes for the LHC has motivated a significant increase of theoretical and

phenomenological activity in the last years, leading to several important
achievements,

+ A new generation of tools and techniques is now available. Full automation of

accurate (NLO) computations at fixed order as well as their the matching to
parton-shower has been proven for the SM.
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SUMMARY AND CONCLUSIONS

licicech for better description and more reliable predictionsiicii
processes for the LHC has motivated a significant increase of theoretical and

phenomenological activity in the last years, leading to several important
achievements,

A new generation of tools and techniques is now available. Full automation of

accurate (NLO) computations at fixed order as well as their the matching to
parton-shower has been proven for the SM.

Higgs signal 1s now ALL avallable at the NLOwPS level: no reason to use

anything less accurate than that. Need more thorough comparisons with
NNLO, resumed computations and.... DATA!
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SUMMARY AND CONCLUSIONS

llSENniecd for better description and more reliable predictichc el
processes for the LHC has motivated a significant increase of theoretical and

phenomenological activity in the last years, leading to several important
achievements,

A new generation of tools and techniques is now available. Full automation of

accurate (NLO) computations at fixed order as well as their the matching to
parton-shower has been proven for the SM.

Higgs signal 1s now ALL avallable at the NLOwPS level: no reason to use

anything less accurate than that. Need more thorough comparisons with
NNLO, resumed computations and.... DATA!

Higgs backgrounds quickly approaching the NLOwWPS level.
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