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OUTLINE

+ MGS AMC OBSESSION OF AUTOMATION WHY?

4+ THE NEED FOR ACCURACY AND HOW TO GET IT

+ MGS5 AMC TOOLS AND SELECTED DEVELOPMENTS
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... BUT IT HAS GOOD ASPECTS TOO!

(AT LEAST FOR SOME MC DEVELOPERS)

e Optimism: New Physics could be hiding there already, just need to dig it out.

* Democratization: No evidence of most beaten BSM proposals, means more and
more room for diversification. Possibility for small teams to make a big discovery.

e Ingenuity/Creativity: From new signatures to smart and new analysis techniques

(MVA), and combination with non-collider searches (DM, Flavor...).

e BSM flexibility: We need MC that are able to predict the pheno of the Unexpected.

e Mass distribution: MC’s in the hands of every th/exp might turn out to be the best
overall strategy for discovering the Unexpected.



WE NEED ACCURATE AND FLEXIBLE SIMULATIONS,
FINE, BUT HOW DO YOU GET FROM

[ Theory |

TO [Exp. dataj ?
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IMPLEMENTATION
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[J. Alwall, R. Frederix, S. Frixione, V. H, F. Maltoni, O. Mattelaer, H.-S. Shao, T. Stelzer, P. Torrielli, M. Zaro ] [hep-ph/1405.0301]

Framework with many modules for specific tasks:

MadSpin, MadWidth, MadWeight, MadDM, ...

This separation and transitions transparent to the users.


http://arxiv.org/find/hep-ph/1/au:+Alwall_J/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Alwall_J/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frederix_R/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frederix_R/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frixione_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frixione_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Hirschi_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Hirschi_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Maltoni_F/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Maltoni_F/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Mattelaer_O/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Mattelaer_O/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Shao_H/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Shao_H/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Stelzer_T/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Stelzer_T/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Torrielli_P/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Torrielli_P/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Zaro_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Zaro_M/0/1/0/all/0/1
http://arxiv.org/abs/1405.0301
http://arxiv.org/abs/1405.0301
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BEYOND FIXED ORDER
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BEYOND FIXED ORDER

Jet 1n a fixed-order NLO simulation: Af\

"Real” jet

' JLEXPERIMENT

We need a more realistic picture...

Valentin Hirsehi, SLAC |



BEYOND FIXED ORDER

o) o e Hard region correctly described
SN I8\ g2t . .

7 AN = AN by fixed order simulations.

- '. .'a. ’ .’ . ' 6 '.::

- o.. . '. P .. Y .

Fixed-order computations give us only part of the picture:
What about the soft regions? == Parton Shower Monte Carlo



ME WITH PSMC

MATRIX ELEMENTS PARTON SHOWER




ME WITH PSMC

MATRIX ELEMENTS PARTON SHOWER

COMPLEMENTARY APPROACHES: “MERGE/MATCH” THEM!

AT LLO : CKKwW, MLM
AT NLO : FXFX



MATCHING MEETS MERGING
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NILO reduces merging scale uncertainties



MATCHING MEETS MERGING
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Transition across descriptions of different multiplicities not
necessarily sharp.
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Accuracy
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HIGHER ME MULTIPLICITIES ?
e

* Better jet description

* Probing of new initial state channels opening up

* Most of the NLO impact on the shape of distributions

comes from the real-emissions diagrams, c.c. trees



ADDING LOOPS (I.E. USING NLO ME)?

T

 Meaningtul assessment of theoretical uncertainties

(,UR y LE, MQ)

with scales varation
* Credible total rates predictions

* Necessary for parameters extraction from measurements
(. precision physics)

* Treat loop-induced processes without effective theories
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NEED FOR AUTOMATION

* Trees are easy and they bring most of the interesting higher

order features

* Loops and full NLO simulations in general are hard and

have milder eftects.

* So, the advantage of having more precise results when also
considering loops will only outweigh their considerable
technical dithculties 1t their 1mplementation 1s FULLY

AUTOMATED (ce. at zero human cost)



MADGRAPHS AMCGENLO

FRIEND OF USERS

* Process generation

 import model <model name>-<restrictions>

‘> generate <process> <amp_orders_and_option> [<mode>=<pert_orders>] <squared_orders>

v

output <format> <folder_name>

v

launch <options>

+ Examples, starting from a blank M G5 interface.

+ Very simple one:

> generate p p > t t~ [QCD]
> output
> launch

-+ With options specified:

import model loop sm-no_hwidth

set complex _mass_scheme

generate p p > e+ ve mu- vm~ b b~ / h QED=2 [QCD]
output MyProc

launch -f

vV VvV VvV VvV VvV



[Frederix et al. 1401.7340]

HH PRODUCTION AT PP COLLIDERS

HH production at pp colliders at NLO in QCD
M,=125 GeV, MSTW2008 NLO pdf (68%:cl)
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[Frederix et al. 1401.7340]

HH PRODUCTION AT PP COLLIDERS

HH production at pp colliders at NLO in QCD
M,=125 GeV, MSTW2008/NLO pdf (68%:cl)
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[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

=)

Process Syntax Cross section (pb)

Vector-boson pair +jets LO 13 TeV NLO 13 TeV
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(ED)W CORRECTIONS




(ED)W CORRECTIONS

* Does not always matter, but here 1s an example of where 1t does:

The best-fit results for independent signal strengths corresponding to the four main production processes, ggH, VBF, VH, and ttH; the expected sensitivities and
observed significances with respect to background-only hypothesis (4 = 0), and the pull of the observation with respect to the SM hypothesis (¢ = 1). These results
assume that the relative values of the branching fractions are those predicted by the SM.

Parameter Best fit result (68% CL) Observed significance () Expected sensitivity (6) Pull to SM hypothesis (0)
for full combination

MogH 0.851013 6.5 7.5 -0.8
MvBF 1.15%333 3.6 3.3 0.4
HVH 1.0049:40 27 2.7 0.0

Vi 29355 35 1.2 2.1




(ED)W CORRECTIONS

* Does not always matter, but here 1s an exarnple of where 1t does:

The best-fit results for independent signal strengths corresponding to the four main production processes, ggH, VBF, VH, and ttH; the expected sensitivities and
observed significances with respect to background-only hypothesis (4 = 0), and the pull of the observation with respect to the SM hypothesis (¢ = 1). These results
assume that the relative values of the branching fractions are those predicted by the SM.

Parameter Best fit result (68% CL) Observed significance () Expected sensitivity (6) Pull to SM hypothesis (0)
for full combination

HggH 0.85%31 6.5 7.5 -0.8
MvBF 1152031 3.6 3.3 0.4
BvH 1.004540 2.7 2.7 0.0
e 2 93*l 08 35 12 2.1

* Need good probe for ttH; also ttZ recently observed at 3.10:

Otttz — QOO_I_ (8t@t)+40(8y8t)fb [arXiv: 1406.7830]




(ED)W CORRECTIONS

* Does not always matter, but here 1s an exarnple of where 1t does:

Numerical values

The best-fit results for independent signal strengths corresponding to the four main production processes, ggH, VBF, VH, and ttH; the expected sensitivities and
observed significances with respect to background-only hypothesis (4 = 0), and the pull of the observation with respect to the SM hypothesis (¢ = 1). These results
assume that the relative values of the branching fractions are those predicted by the SM.

Parameter Best fit result (68% CL) Observed significance () Expected sensitivity (6) Pull to SM hypothesis (0)
for full combination

MggH 0.85%31 6.5 7.5 -0.8
MveF 11531 3.6 3.3 0.4
bVH 1.004540 2.7 2.7 0.0
Pt 2. 93+l ¢ 3.5 1.2 2.1

* Need good probe for ttH; also ttZ recently observed at 3.10:

Otttz — QOO_I_ (St&t)+40(8y8t)fb [arXiv: 1406.7830]

* Harvest on these rare processes, using the ratio ttH/ttZ as a probe
for the top yukawal



WEAK CORRECTIONS

 Why the ratio? Same production mechanism for the dominating

g g channel, scale dependences and corrections drop:

MSTW2008NLO, o = Hr /2 |HCI3

LO

NLO QCD

Weak

ttH (pb) ttZ (pb) ttH / ttZ
0.367 [+3O_52'54?] 0.682
[7390%5) s%]scale e [10-361%_0.446%]scale
[ -225%|PDF
[7178%, 18%]POF o +PDF
0.475 0.785
+579% o o +981% | -0 0.606
| 19.04% JScale | J11.2% JScale +2.46%
[+20%% 5 509 ]POF [+193% 2399 ]PDF - -366%]scale+PDF
-0.00659 -0.0252 0.263
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A)

B)

INTERFERENCE COMPUTATION

e Simulate only the signal when its leading contribution
comes through its interference with the background

>~

* Exclude higher order contributions in the cutoff A = A~
when studying effective theories for example

O(A?) O(A) O(A”)

We do NOT want to make use of the identity
2Re(A*A™) = M¥T° — M* — M°

Because it is very Inefficient for generation (especially mass production)




INTERFERENCE COMPUTATION

e Simulate only the signal when its leading contribution
comes through its interference with the background

>~

* Exclude higher order contributions in the cutoff A = A7}
when studying effective theories for example

O(A%) O(A) O(A%)

We do NOT want to make use of the identity
2Re(A*A%™) = M*T> — M* — MP
Because it is very Inefficient for generation (especially mass production)

New syntax: > generate process NP"2==2



LOOP INDUCED PROCESSES
IDEA

r 2
* We can evaluate the loops with MadLoopb

* We can efficiently integrate trees with MadEvent

= Contract the loop and use the resulting tree-topology to

X drive the integration

* Automation at the same level as with conventional tree processes :

> generate p p > h [QCD]
> launch -f

* Many LO MadGraphb features also available in this context
( matching/merging, MadSpin, gridpacks, etc...)

* Anticipated multiplicity reach: 2 — 4

e Should be under the tree before Christmas !



LOOP INDUCED: TRAINING GROUND
GG —H

(HEFT

Oheft = 17.63(2)pb

e

'No bottom loop

Troploop = 17.65(2)pb

R

(" Loop Induced

Uloop = 15.74(2)pb

-




LOOP INDUCED: MOVING ON
PRELIMINARY! NO REFUND FOR WRONG LHC Xx-sSEC...

(I_|EFT - ptijet1) : \
g "’fL\ ?
Ohest = 13.87(3)pb ol e
Wl 11 i
wold o Y
N R
"Loop Induced 3 o B
) ,
Tloop = 13.24(2)pb -l S :
! w";- er
Ctoploop = 13.56(2)pb o ]
N B




LOOP INDUCED: MOVING ON
PRELIMINARY! NO REFUND FOR WRONG LHC Xx-sSEC...

(" Loop

Tloop = 0.01453(1)pb

N

( Distribution




LOOP INDUCED: MOVING ON
PRELIMINARY! NO REFUND FOR WRONG LHC Xx-sSEC...

(" Loop R

Tloop = 0.05765(2)pb

9 y

(Distribution

- AALLAl A d A Al
sigma (pb/bin)




LOOP INDUCED: MOVING ON
SOME FUN... STILL NO REFUND

* Same-sign top pair events would be New Physics smoking guns...

but the process exists in the SM!
v d,s,b 1
> > >

¢ Weak loops, doubly CKM-suppressed:

* Has never been computed

( maybe rightfully so) > > >

(aloop =231 10"pb




LOOP INDUCED: MOVING ON
BSM TOO! ... STILL NO REFUND

* Using the NLOCT module of FeynRules to produce the

UFO for this typell 2HD M.
(Loop
Olo0p = 0.00803(1)pb
e
( 1073
§ g 1074 3
5 g 10-8 .




AUTOMATING BSM@GNLO

[Alloul, Christensen, Degrande, Duhr, Fuks]

Feynman Rulks
-—
FerlArs | CacHep | Sherpa
Whizad  MadGraph 5 HERWIG
 Valentin Hirschi, SLAC ~ ATLAS Jamboree 12012014 3%




AUTOMATING BSM@GNLO

[Alloul, Christensen, Degrande, Duhr, Fuks]

And at NLO:

Needed for the

computation of UV
(and R2) counterterms

LOOIN




AUTOMATING BSMENLO

SIMPLIFIED MSSM-LIKE MODEL

4 )

 UFO model from the NLOCT module of FeynRules, with

Lagrangian : i_ 1
<) & Lgi= D"O’;D”0'3 = mgo‘;ds + §x¢x ~ 5MxXX

+ |o3t(grPL + GrPr)Xx + h.c.] ,




AUTOMATING BSMENLO

SIMPLIFIED MSSM-LIKE MODEL

4 . h
 UFO model from the NLOCT module of FeynRules, with
[Lagrangian : i _
& e Lg= D“a};D"a;; = mga;a:; - §x5x ~ oMxXX
+ |05#(31. P, + GrPR)x + hic.| |
\_ /
5 Eflsepre] [ (m,;m ) = (500, 50) GeV, LO pp — 0303 — t%XX
g e [ (m m ) = (500,200) GeV, LO
0 -

="E (mm)=1000,50 GV, L0 | o Core process at NLO

. E ——— (m_m)=(500,50) GeV,NLO
§, 0 I > T e P ——— (m_m ) = (500,200) GeV,NLO )

£ E T T [ (mom)=(1000,50) GeV,NLO| @ Decay at LO with
z :

2

MadSpin.

e Simple K-factor rescaling
not always right.

e Matched to Pythia 8

e Validation with Prospino

[C. Degrande, B. Fuchs,VH, |.Proudom, S.5hao, to appear]



AUTOMATING BSMENLO

2 R : ; ; N
* Now considering colored scalars with effective Lagrangian :
i | 1 é s Iy m2
e 1T T ... . J9 pv _s7(8M) _ 9s |2
Egi= 5 wog DV og 5M80808 + A 038G LG NLOCT 9%, =42, S [g — log Mn] ;
+ Z [osq(g Py + §f PR)Q+hC] , = 6Z,,=0 and 6m2=-— 15;'28[ e 3logm28]
N i y

[C. Degrande, B. Fuchs,VH, J.Proudom, S.5hao, to appear]



AUTOMATING BSM@ENLO

e o : ; : 2
* Now considering colored scalars with effective Lagrangian :
£ - ED0sio —lmza o +g—ga G GH 62, = 52(5M) _ 93 [1 lo 2]
8 = 5DuosD"os — 5mzosos + “FosGu NLOCT 0%, =062 - 3225 g”R ;
o Z [080(9 Prog; PR)Q+hC] ; — 6Z,,=0 and O0m2=- 16:28[ +7— 3logm;8]
N e y
o 10— .
g A e pp — 0808 — 337)
S lO‘E__ I’_- -.-_‘_”-.- = ’
g F Core process at NLO
g 10
S E
Z el Decay at LO with
- MadSpin.
10
1 * Matched to Pythia 8
S o
E « Validation with
osk MadGolem

[C. Degrande, B. Fuchs,VH, J.Proudom, S.5hao, to appear]



STATE OF THE ART IN 2000

Accuracy
[loops]

3 Inclusive NLO and LO+PS was to the Tevatron era what ...

‘ Fully inclusive

‘ Parton level

ol 1@ @ S Matched

‘ (and automatic)

Kin. complexity
[final state legs]
>

1 92 3 45678 910
 Valentin Hirschi, SLAC ~ ATLAS Jamboree 12012014 3



STATE OF THE ART IN 2014

Accuracy
[loops]

A
3 .......... Inclusive NLO and LO+PS was to the Tevatron era what ...

.. iInclusive NNLO and NLO+PS is to the LHC era

‘ Fully inclusive

‘ Parton level

M 11 ‘ .......... ‘ ........... ‘ .......... “ Matched

‘ (and automatic)

Kin. complexity

[final state legs]
>

1 92 3 45678 910
 Valentin Hirschi, SLAC ~ ATLASJamboree 12112014 3



AUTOMATIC, ACCURATE AND AUGMENTING
MC'S AT COLLIDERS

Free to Run |l !




