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O ®Both LHC and Tevatron
search for Higgs and NP |

O How to Ldewtifg Wew
par’cicLes?

0O How to measure partioLe
properties?

Espectally diffieult in
presence of missing Bnergy

s there a way to optimlsc the
information which can be
extracted from a event sample?

Events/500 MeV for 100 fb’
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O ®Both LHC and Tevatron
search for Higgs and NP |

O How to Ldewtifg Wew
par’cicLes?

0O How to measure partioLe
properties?

Espectally diffieult in
presence of missing Bnergy

s there a way to optimlsc the
information which can be
extracted from a event sample?

YES Ma nwy

Events/500 MeV for 100 fb’
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O (ntroduction to Matrix Element re-weitghting
O examples of studies / investigations

0 wmass determinatlon : Smuon pair
produa’ciow

0 SPLV\, ana Lgsis

O ISR effects: pp > H > W+ wW-

O DMEM: Myr Ln fuLLg Lep’cowia chanwnel

N0 Cownclustons

jeudi 30 juin 2011



O Assoctate to each exEcerewtaL event |
characterised by p*; the probability P(p**|a)
to be produced and observed following a
theoretical assumption
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O Associate i@each experimental event |

characterised by~ [ Fprooablity P(p
to be produced and observed following a
theoretical assumption
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0 Assoclate @ eac exenmem,taL EVENT

characterised 0y~ | ' pavLlity P(p
to be produced and observed following a
theoretical assump’cww Qo

7)( vzs|a) ‘Ma(pvis)|2

aQ |M,(p)|* is the squared matrix element
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0 Assoclate @ eac exenmem,taL event

characterised 0y~ | ' pavLlity P(p
to be produced and observed following a
theoretical assu.mptww Qo

P(p""*|ar) = Ma(p) "W (p,p"*)

( )|2 Ls the squareol matrix element

’U’LS)

LS the transfer function
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0 Assoclate @ eac exenmem,taL event

characterised 0y~ | ' pavLlity P(p
to be produced and observed following a
theorctwal, assump’cww Qo

P(p'*|a) = [ d®dxidzs| M, (p)|>W (p, p***)

( )|2 Ls the squareol matrix element

’U’LS)

LS the transfer function

O | d®dxidzy is the phase-space Lntegral
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0 Assoclate @ eac exenmewtaL EVENT

characterised 0y~ | ' pavLlity P(p
to be produced and observed following a
theoretical assu.mptww Qo

P(p***|a) = siw [ d®dzidaz| M (p)|*W (p, p*")

o(D)|? is the squared matrix element
ms) Ls the tra V\,sfer fuwatww
O | d®dxidzy is the phase-space Lntegral

0O 0Y%is the cross-section (after cuts)
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O Most common and mportant use Ls to combLne
those L a LLkelihood
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O Most common and mportant use Ls to combLne
those L a LLkelihood

O The best possible estimation of ais the one

maximising the Likelthooo

jeudi 30 juin 2011



O Most common and important use Ls to combLne
those L a LLkelihood

O The best possible estimation of ais the one

maximising the Likelihood
CDF Run Il Preliminary 5.6 fb”

Jllllllllllllllllllllllllllllll

Semi-leptonic decay
Mtop = 173.0 £ 1.2GeV

— A(lInL)=-0.5

— A(lnL)=-4.5

L l 1 l 1

)

— A(In L) =-2.0
)
-

170 171 172 174
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O Most common and important use Ls to combLne
those L a LLkelihood

O The best possible estimation of ais the one

maximising the Likelihood
CDF Run Il Preliminary 5.6 fb”

Semi-leptonic decay
Mtop = 173.0 £ 1.2GeV

Also use for

— A(nL)=-05 O Higgs Exclusion
S— A(In L) =-2.0 , ’
— A(nL) =-4.5 O sitngle top eross observation

l l l 1 1 1 1 L 1 1 1 I 1 1
170 171 172 174

JIIIIIIIIIIIIIIIIIIIIllllllllll
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The Likelthood methods bullds the Bi
discriminating variable

Fully Model dependant

Pure LO approximation

Transfer Function approximation
O Factorize for each parton

O Not valid for hard radiation

Strong sensttivity tn analysts cut

computing time Nepent * Nip lntegrals)
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How to evaluate those wetghts?

P(p"*|a) = = [ d®dxydzz| M, (p)|*W (p, p”™)
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How to evaluate those wetghts?

P(p*la) = [ dq’d:vld:clea(p)\z

O Fit from MC tuned to the detector resolutio

N 3000
2500 -

2000

1500

1000}

500

[P
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How to evaluate those wetghts?

P(p¥sla) = %f d®dxqdxd

O Fit from MC tuned to the oletector\resotutio

O Use of matrix-element generator: Madgraph 4
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How to evaluate those wetghts?

O Fit from MC tuned to the & etector\resomtio

O Use of matrix-element genekator: Madgraph 4
0O Need a specific tntegrator: Madwelght
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How to evaluate those wetghts?

P(p"*|a) = ([ d®dxydza)M, (p)|* W (p, p***)

Diffieult polv\,’c: Nuwmerical (ntegration
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How to evaluate those wetghts?

P(p"*|a) = ([ d®dxydza)M, (p)|* W (p, p***)

Diffieult polw’c: Nuwmerical (ntegration

O Presence of sharp functions

O Brelt-wWigner
O TF linked to angular observables
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O FLrst Exa mple: oli—Leptowic top quark pair

O degrees of freedom 16
O 2:pdf
O = x &: funal states

O -4: energy-momentum
conservation

O peaks 16
O 4: BYCLt—WL@ WEr
O = x4:vistble pa rtieles
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O FLrst Exa mple: olL—Leptoch top quark pair

P4

O degrees of freedom 16

O peaks 16

—>» ALl peaks aligwed

jeudi 30 juin 2011



O FLrst Exa mple: oli—-Leptowic top quark pair

P4

O degrees of freedom 16

O peaks 16

—>» ALl peaks aligwed

.6153310533254 Pa T Db — ij
7’ j
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O FLrst Exa mple: oli—Leptowic top quark pair

P4

" 0O degrees of freedom 16

P1

-, O peaks 1ice

—>» ALl peaks aligwed
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How to evaluate those wetghts?

P(p"*|a) = ([ d®dxydza)M, (p)|* W (p, p***)

Diffieult polw’c: Nuwmerical (ntegration

O Presence of sharp functions

O Brelt-wWigner
O TF linked to angular observables
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How to evaluate those wetghts?

P(p"*|a) = ([ d®dxydza)M, (p)|* W (p, p***)

Difficult point: Numerical ntegration
O Presence of sharp functions
O Breit-wWigner
O TF linked to angular observables

3> Neeol @ smart parameterization of the phase space
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How to evaluate those wetghts?
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How to evaluate those wetghts?

P(p"*|a) = ([ d®dxydza)M, (p)|* W (p, p***)

Difficult point: Numerical ntegration
O Presence of sharp functions
O Breit-wWigner
O TF linked to angular observables

3> Neeol @ smart parameterization of the phase space

3 This is process oependent
P Need to be Automatic, model tnoependent, fast
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How to evaluate those wetghts?

P(p"*|a) = ([ d®dxydza)M, (p)|* W (p, p***)

Difficult point: Numerical ntegration
O Presence of sharp functions
O Breit-wWigner
O TF linked to angular observables

3> Neeol @ smart parameterization of the phase space

3 This is process oependent

P Need to be Automatic, model tnoependent, fast
MADWEIGHT

P. Artoisenet, V. Lemaitre, F. Maltoni, OM: JHEP 1012:068
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fully hadronie / Leptonic process
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W prod wetlon
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semi—chtow'w top quark pair
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Do
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Fully Leptowio top quark paﬁr
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Higss production decaying tn W

W+ W- proolu.ctiow

Class F
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Higss production decaying tn W

Pvozs Proys Puroz W + W_ P YOd l/(.GtLD w

_ Lot of possibility to have
WALOYE aomPch process

+1 W

+1 Z
+ ...

jeudi 30 juin 2011



O examples of studies / tnvestigations

0O wmass determinatlon : SMuUon pair
proolthww

O Spiw AwaLasis

ISR effects: PP > H > W+ W-

0 DMEM: My7 Ln T["LU’U Leptonic channel
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(Crazy?) ccenario: \We observe only Two muon + MET

U ~
oy
* 7
/ y
N
AN
U
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(Crazy?) ccenario: \We observe only Two muon + MET

How to measure smuon mass anod LSP mass?

7
U .
[l
Z* 7 < )
7 X1
N X1
TN
U
7

+
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(Crazy?) ccenario: \We observe only Two muon + MET

How to measure smuon mass and LSP mass?
v
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(M2 — M2)/2M; = 42GeV
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(Crazy?) ccenario: \We observe only Two muon + MET

How to measure smuon mass and LSP mass?
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(M2 — M2)/2M; = 42GeV
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O examples of studies / tnvestigations

mass determilnatilon : SMuon Pair
Proolthww

0 Spiw Awangsis

ISR effects: PP > H > W+ W-

DMEM: my; tn fully leptonie channel
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O Estimate Charged Higgs contribution
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O Estimate Charged Higgs contribution
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O Estimate Charged Higgs contribution
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O Estimate Charged Higgs contribution

0es

L

O SM Mownte-Carlo:—
ProbabLLitg for one

event to have a given |
discriminant value™|

L

l:l -
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O Estimate Charged Higgs contribution

0es

L

O SM Mownte-Carlo:—

nas F

O Signal Monte-Carlo~__

ons

l:l -
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O Estimate Charged Higgs contribution

Baolég round

oes

L

O SM Monte-Carlo:—

nas F

O Signal Monte-Carlo~__

ons

l:l -
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O Estimate Charged Higgs contribution

0es

L

SM Monte-Carlo: —

nas F

Signal Monte-carlo~__
Psewdo-events —

ons

l:l -
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O Estimate Charged Higgs contribution

0es

L

SM Monte-Carlo: —

nas F

Signal Monte-carlo~__
Pseudo-evemts —

os = 1.7 £ 0.4pb

l:l -
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0O examples of studies / investigations

mass determinatlon : SMUOn pair
produc’ciow

S‘Piw Ana Lgsis
O ISR effects: pp > H > W+ W-

DPMEM: LA fuLLa Leptowib chanwnel

jeudi 30 juin 2011



Maiwn effect: tnoduce a total transverse
momentum
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O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at parton Level (no
hadronization)
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O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at parton Level (no
hadronization)

O No ISR—3 No BLAS

No ISR in event
generation

S events with ISR:
. ——-cut p; > 40GeV

-- cut py > 6GeV

- — - Boost correction only I I

B |

“* | — - - Boost correction |
with Sudakov
reweighting -’
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, O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at parton Level (no
hadronization)

O Large Veto=PLarge bias

No ISR in event
generation

.1
I i
- Boost correction only I I

|

- - Boost correction
with Sudakov
reweighting -
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O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at parton Level (no
hadronization)

O swaller veto—3p smaller bias
but Larger statistical
wneertainties

No ISR in event
generation

events with ISR:

- Boost correction only I I

|

- - Boost correction
with Sudakov
reweighting -
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O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at parton Level (no
hadronization)

O WUse the ISR to boost the
momenta =3 small bias/

No ISR in event
generation

events with IS¥

“* | — - - Boost correction
with Sudakov
reweighting -’
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O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at parton Level (no
hadronization)

O Add the Sudakov Factor
—>» No stgwnificative bias

No ISR in event
generation

events with ISR:

= Boost correctio
with Sudakov
reweighting -
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O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at detector Level

L / Lmax

1.0 I No ISR in event
i generation

0.8 - ----events with ISR,
i cut p, > 40 GeV

0.6 - -—-- Boost correction
i only

0.4 - — — Boost correction
with ISR integr.

0.2

jeudi 30 juin 2011



O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at detector Level

O ntroduce ISR transfer
fuwatuows

L / Lmax

1.0 I No ISR in event
i generation

0.8 - ----events with ISR,
i cut p, > 40 GeV

0.6 - -—-- Boost correction
i only

0.4 - — — Boost correction
with ISR integr.

0.2

jeudi 30 juin 2011



O examples of studies / tnvestigations

mass determinatlon : sSmiuon Pair
Produa‘cww

Spiw AwaLgsis

ISR effects: PP > H > W+ W-

O DMEM: My n fully leptonie channel
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O Need the parton configuration

O uses a series of constraints
(Rinematical fit)
1 OP

0 wse 27 as discriminator
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O Need the parton configuration

O uses a series of constraints
(Rinematical fit)
1 OP

0 wse 27 as discriminator

oo
Tl
T
i
1
i
LB
oz

- P
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pa rtonte Level reconstructed Level

— Theory
— DMEM

——— Theory

1
N dN/dMtt
(=]

Matrix Kinematical Fit

400 500 600 700 800 900 1000 1100 1200 ‘
Mtt [GeV] 900 1000 1100 1200

Mtt [GeV]
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O What uf the sample Ls not a SM one? For example Lf a
heavy Z exists (600 GeVv).

Standard Model expectaion
5% of Z' events (600GeV)
8% of Z' events (600GeV)
10% of Z' events (600GeV)

0.1

el
whed
=
K®]
———
2
U

F|Z

400 500 600 700 800 900 1000 1100 1200
Mtt [GeV]

§i|||

only Use SM matrix Element!!!
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O Matrix Element Re-wWelghting: path to precise
measurement
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O Matrix Element Re-wWelghting: path to precise
measurement

O Madwelght allows efficient evaluations for
ANY BSM model and ANY topologies
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O Matrix Element Re-wWelghting: path to precise
measurement

O Madwelght allows efficient evaluations for
ANY BSM moodel ana ANY topologies

0O Allows precisc Mass/Spiw measurement
O use the full theoretical information

O A lot of experimental information
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O Matrix Element Re-Welghting: path to precise
measurement

O Madwelght allows efficient evaluations for
ANY BSM moodel ana ANY topologies

O Allows precise Mass/Spin measurement
O uUse the full theoretical tnformation
O A lot of experimental information

O Need to be careful for radiation
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Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/Spin measurement
O uUse the full theoretical tnformation
O A lot of experimental information
Need to be careful for radiation
mproves Kinematical Fitting Method

jeudi 30 juin 2011



Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/Spin measurement
O uUse the full theoretical tnformation
O A lot of experimental information
Need to be careful for radiation

mproves Kinematical Fitting Method
BUT
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Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/Spin measurement

O uUse the full theoretical tnformation

O A lot of experimental information

Need to be careful for radiation

mproves Kinematical Fitting Method
BUT

Still time consuming
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Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/Spin measurement

O uUse the full theoretical tnformation

O A lot of experimental information

Need to be careful for radiation

mproves Kinematical Fitting Method
BUT

Still time consuming

LO wethod
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Backup slide
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O Second Example: semi-Leptowic top quark pair

b

, O degrees of freedom 16

b1

O peaks 19

P2

Pe

p3
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O Second Example: semi-Leptowic top quark pair

b P4

b1

O peaks 19

P2

n 3 3 peaks unaligned
" = Multt-chanwnel
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O Second Example: semL-Leptowic top quark pair

b P4

u p, O oegrees of freedom 16

b1

O peaks 19

B P2

n 3 3 peaks unaligned
o Multt-channel

d3 ; d3
dop = H b s dydzo6* (pa + py — ij)

(2m)32F; (2m)32FE% ,
J
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0O Second Example: semL-Leptowic top quark pa'w

b D4

PB D
u p, O degrees of freedom 16

<.
. H

- 0O peaks 19

FB B

n 3 3peaks unaligneo
o 3 Multl-channel

d3p6
d | | 4 _ |
J

5 3 3
P“S—Sto) dg = [ dosde; T] dip,| T dm*2 x J
i=1 j=1 k=1
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0O Second Example: semL-Leptowic top quark pa'w

b D4

u)p, O degrees of freedom 16

N CZ p1
I 2 D ‘Peahs 1\'3

FB B

n 3 3peaks unaligneo
o 3 Multl-channel

d3p6
d | | 4 _ |
J

5 3 3
P“S—Sto) dg = [ dosde; T] dip,| T dm*2 x J
i=1 j=1 k=1
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0O Second Example: semL-Leptowic top quark pa'w
PBE b

P4

u p, O oegrees of freedom 16

b1

O peaks 19

B P2

» 3 3 peaks unaligned
o 3 Multt-channel

d3p6
d || 1 -3 p;
¢ = (27) 32E 2#)32E6d$1d$25 (Patpo =2 Pi)
J

4 4
PQS—W) do = Hd@id@ H d|p; H dm*—zk X J
i—1 j=2

k=1,k£2
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0O Second Example: semL-Leptowic top quark pa'w

ps O degrees of freedom 16

O peaks 19

» 3 3 peaks unaligned
o 3 Multt-channel

d>p
dop = H (2 > da1dz26* (pa ‘|‘pb_zpj)

32E 27T)32E6 ,
J

4 4
PQS—W) do = Hd@id@ H d|p; H dm*—zk X J
i—1 j=2

k=1,k£2

jeudi 30 juin 2011



O the phase-space is split tnto blocks, each of them
Ls associated to a specific Local change of
variables

O 12 blocks, L.e. 12 analytic changes of variables
have been defined in our code.

O Madwelght finds automatieally
O the optimal partition of the PS tnto blocks

O computes the welghts using the
corresponding PS parametrisation
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O The cholice of the parameterisation has a strong
meac’c ow the eﬁgcbewcg

O The adaptwc Mownte-Carlo Technigue pieks polnt
Ln Linteresting areas
—» The technique Ls efficient

jeudi 30 juin 2011



O The cholce of the parametrization has a strong
impact ow the eﬁPLcLewcg

Grid
—>

O The aolaptwe Mownte-Carlo Teahmques pwk&s
pow\fcs evergwhere
—» The integral converges slowly
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O The cholce of the parametrization has a strong
impact ow the eﬁfwiewcg

Rotatlon

—>
Grid

O The adaptive Monte-Carlo Technigues pieks polnt
Ln Lnteresting areas
The technigue is efficlent
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Péemo
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e 00 Terminal — bash — bash

(@fynulapi demo]
(@fynulapi demo]
[@fynulapi demo]
[@fynulapi demo]
(@fynulapi demo]
(@fynulapi demo]
[@fynulapi demo]
[@fynulapi demo]
(@fynulapi demo]
(@fynulapi demo]
[@fynulapi demo]
[@fynulapi demo]
(@fynulapi demo]
(@fynulapi demo]
[@fynulapi demo]
[@fynulapi demo]
(@fynulapi demo]
(@fynulapi demo]
[@fynulapi demo]
[@fynulapi demo]
(@fynulapi demo]
(@fynulapi demo]
[@fynulapi demo]
[@fynulapi demo]

= S S5 05 65 65 659 659 65 659 659 659 659 659 59 659 59 659 9 9 9 9 o9 o5
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