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O Both LHC awnd Tevatron

search for Higgs and NP |

O How to Ldewtifg Wew
par’cicLes?

0O How to measure parthLe
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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Types of Technique

Few

assumptions

v

Many

assumptions

Missing transverse momentum
M eff, H T

s Hat Min

M T

M_TGEN

M T2/M _CT

M_T2 (with “kinks”)

M T2/M_CT ( parallel / perp )
M T2/ M_CT ( “sub-system” )
“Polynomial” constraints
Multi-event polynomial constraints
Whole dataset variables

Cross section

Max Likelihood / Matrix Element

Slide from Lester: arXiv:1004.2#32
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Types of Technique

Vague

conclusions

v

Specific

conclusions

Missing transverse momentum
M eff, H T

s Hat Min
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M _TGEN

M T2/M _CT

M_T2 (with “kinks”)

M T2/ M CT ( parallel / perp )
M T2/M _CT ( "sub-system” )
“Polynomial” constraints
Multi-event polynomial constraints
Whole dataset variables

Cross section

« Max Likelihood / Matrix Element

Slide from Lester: arXiv:1004.2#32
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Types of Technique

Robust

A

Fragile

Missing transverse momentum
M eff, H T

s Hat Min

M T
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M_T2 (with “kinks”)

M T2/ M CT ( parallel / perp )
M T2/ M CT ( "sub-system” )
“Polynomial” constraints
Multi-event polynomial constraints
Whole dataset variables

Cross section

Max Likelihood / Matrix Element
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Types of Technique

Robust

7'\

Fragile

Missing transverse momentum

M eff, H T

s Hat Min

M T

M TGEN

M T2/ M CT

M_T2 (with “kinks”)

M T2/ M CT ( parallel / perp )

M T2/ M CT ( "sub-system” )
“Polynomial” constraints
Multi-event polynomial constraints
Whole dataset variables

Cross section
Max Likelihood /

atrix Element
Slide from Lester: arXiv:1004.27#32
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O (ntroduction to Matrix Element re-weitghting

O examples of studies / investigations

0 wmass determinatlon : Smuon pair
produ.atiow

O discriminating Hypothesis

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

O DMEM: My LM fuLLg Lep’cowia chanwnel

N0 Cownclustons
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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 Assoctate to each exgerimewtaL event |
characterised by p*; the probability P(p**|a)
to be produced and observed following a
theoretical assumption

P(p"*la) = Mo (p7)

’

aQ |M,(p)|* is the squared matrix element

vendredi 20 janvier 2012



O Assoclate to each exgerimewtaL event |
characterised by p*; the probability P(p**|a)
to be produced and observed following a
theoretical assumption

P(p”**|a) = M (p)|"W (p, p""**)

© Ls the squared matrix element

vis)

LS the transfer function
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O Assoclate to each exgerimewtaL event |
characterised by p*; the probability P(p**|a)
to be produced and observed following a
theoretical assumption

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

© Ls the squared matrix element
V1S

) is the transfer function

O | d®dxidzy is the phase-space Lntegral
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O Assoclate to each exgerimewtaL event |
characterised by p*; the probability P(p**|a)
to be produced and observed following a
theoretical assumption

P(p**|a) = —Lz [ d®dxidxs| M, (p)|>W (p, p¥**)

O-gis
© Ls the squared matrix element

vis)

LS the transfer function

O | d®dxidzy is the phase-space Lntegral

O 0,7 Ls the cross-section (after cuts)
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O Most common and mportant use Ls to combLne
those L a LLkelihood

vendredi 20 janvier 2012



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

(py"*|)
1—=1

O The best possdoLe estimation of oy Ls the one

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

(pi""]e)
1=1

O The best posswLe estimation of oy Ls the one

MAXLMLSLNG the Likelihood
CDF Run Il Preliminary 5.6 fb”

— A(lInL)=-0.5

JIIIIIIIIIIIIIIIIIIIIllllllllll

— A(nL)=-45

L l 1

|

1 1 l L 1 1 1 I 1 1

mtop

)

— A(In L) =-2.0
)
-

170 171

172

173 174

= 173.0 =

Seml-Leptonte deca Y

- 1.2GeV
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The Likelthood methods bullds the Bi
discriminating variable

Fully Model dependent

Transfer Function approximation
O Factorize for each parton

O Not valid for hard radiation

O Pure LO approximatlow

O Strong sensitivity in analysts cut

0O Computing time Nevent * Nip tntegrals)

vendredi 20 janvier 2012



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

O €Each partomic pa rtieles
has wt’s own Transfer
fuwotiows

W(z,y) ~ H

2

_ (=i—yy)
1 e 20'?;2

\V2mo;

0O Forbids any
additiowaLJets awnol
therefore NLO.

L 1 | _h_l i I

900 80 60 -
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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 uUse of matrix-element generator: Madgraph 4
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How to evaluate those wetghts?

O Fit from MC tuned to the & eteotor\resotutio

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 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
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O The cholce of the parametrization has a strong
meac’c ow the eﬁgcbewcg

Grid
—>

O The adaptwe Mowte-Carlo Tech mques pwk&s
pomts evergwhere
—» The integral converges slowly
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O The cholce of the parametrization has a strong
impact ow the eﬁgciewcg

Rotatlon

— >
Griol

O The adaptive Monte-Carlo Technigues pieks polnt
Ln Lnteresting areas
The technigue is efficlent
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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: Breit—\/\/ﬁgwer

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
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O FLrst Exa mple: oli—Leptowic top quark pair

P4

O degrees of freedom 16

O peaks 16

—>» ALl peaks aligwed

.61l561d£13254 Pa + 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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O Second Example: semL-Leptowic top quark pair

b

, O degrees of freedom 16

b1

O peaks 19

P2

Pe

p3
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O Second Example: semL-Leptowic top quark pair

b

P4

b1

P2

Pe

p3

O peaks 19

—» 3 peaks unaligned
—» Multi-channel
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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 3 Multl-channel

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

32E 27T)32E6 ;
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0O Second Example: semL—Lep’coch top quark pa'w

b D4

u)p, O degrees of freedom 16

N CZ p1
B D2 D ‘Peahs :[:3

FB B

» 3 3peaks unaligned
o 3 Multl-channel

d3p6
dp = | | dr1dro0* (pg + pp — E -

5 3 3
st) dp = || db:ide: | [ dlp,| | | dm*? x J
i=1 j=1 k=1
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0O Second Example: semL—Lep’coch top quark pa'w

ps O degrees of freedom 16

O peaks 19

» 3 3 peaks unaligned
o 3 Multl-channel

d3p6
dp = | | dr1dro0* (pg + pp — E -

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

k=1,k£2
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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

vendredi 20 janvier 2012



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 Brett-Wigner
O TF linked to angular observables

3> Neeol @ smart parameterization of the phase space
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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
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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

\_/

)
—_

W prod wetlon

()
—

~
e
~
e

semi—wp’cowlc top quark pair

2
Do

N/

Fully Leptowic top quark pair

)
9
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Higss production decaying tn W

Pvizs Puviys Pz

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

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
+ ...
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O examples of studies / tnvestigations

0O wmass determinatlon : SMuUon pair
prooluatww

discriminating Hypothests

ISR effects: PP > H > W+ W-

0 DMEM: My LM fuLLg Leptonic channel
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(Crazy?) ccenario: \We observe only Two muon + MET

U ~
oy
* 7
/ y
N
i
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

1 I -
[

m, =40 GeV ——
12 4 100 GeV

u ~ 2
(9
[ 3
r bt e
)
/ Y
*k S
[y
[}
[}
[y
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[} B
[\ o
- [ o
K
o
[\ P
L\ > <d
\ . %
B\ %o
W\, %e
~ ’ %
\ - . ?
. S
[ ,
. I O
. . (4
. B S
. >y e
— . <
. Ao
. N
u . oA
| . R <
¢ A
" .
. Ry
’ Y
.
%o a4
3 %
* * Cd
" %
* "
* Cd
- ., RS O
. 7o
. 3
N - .
N
LS *
N\ e

0O 50 (Mownte-Carlo) events 1 1 1
44 46 48 50
M; = 150GeV (m, %-m, %)/2m, (GeV)

(M2 — M2)/2Mj = 42GeV
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(Crazy?) ccenario: \We observe only Two muon + MET

How to measure smuon mass and LSP mass?
v

1 I -
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O 50 (Mownte-Carlo) events . N . .
38 44 46 48 50

M = 150GeV (murz-mxz)/ZmMr (GeV)
My, = 100GeV Energy tn the rest frame

(M2 — M2)/2Mj = 42GeV
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O examples of studies / tnvestigations

mass determilnatilon : SMuon pair
produc’ciow

O Discriminating Hypothesis

ISR effects: PP > H > W+ W-

DMEM: My Ln fuLLg Leptowib chanwnel
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diagram 3 QCD=2, QED=1
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Fully Leptowlc deca Y

=

diagram 3 QCD=2, QED=1
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Fully leptonic decay
1M\t\ 3 1

diagram 3 QCD=2, QED=1 O 6
O define discriminant:

d—= — 1L |
Ps+Ppg 04 |

0.5 k-

03 |

ProbabLLLtg for one
event to have a given
discriminant value
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Fully Leptowic deca Y

diagram 3 QCD=2, QED=1
0.6

O define discriminant:

d= 53
Ps+Ppg

O Higgs Sample \Q

0.2 |
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Fully Leptowic deca Y

diagram 3 QCD=2, QED=1
0.6

O define discriminant:

O Higgs Sample

O ®Backgrouwnds
samples
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Fully Le‘P’cowia deca Y

diagram 3 QCD=2, QED=1
0.6

O define discriminant:

O Higgs Sample

O ®Backgrouwnds
samples
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tt+bb
tt+bj
tt+]]
tt+jc
tt+cc
tt+Hx10

(7))
e
-
o
>
o
(¥ -
@
| -
O
O
S
-
Z

d=P(xIS)/(P(.xIS)+P(xIB))
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tt+bb
tt+bj
tt+j]
tt+jcC
tt+cc:
tt+H
pseudo data ——

Lol sedmh

0.5
d=P(xIS)/(P(xIS)+P(xIB))

92
e
C
o
>
o
(-
@
S
O
O
S
-
Z
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tt+bb
tt+bj
tt+j]
tt+jcC
tt+cc:
tt+H
pseudo data ——

Lol sedmh

0.5
d=P(xIS)/(P(xIS)+P(xIB))

92
e
C
o
>
o
(-
@
S
O
O
S
-
Z

Nmes

pvéxpected

- 0.25
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0O examples of studies / investigations

mass determilnatilon : SMuon Pair
produo’ciow

Dlseriminating Hypothesis

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

DPMEM: LA fuLLg Leptowia chanwnel
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Maiwn effect: tnoduce a total transverse
momentum

J. Alwall, A. Freytas, OM: PRD83:074010
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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

events with ISR:
. ——-cut p; > 40GeV

-- cut py > 6GeV

- — - 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 Large Veto=PLarge bias

No ISR in event
generation

.1
I i
- Boost correction only I I

'I
L4
L4

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

O swaller veto—3 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 uUse 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 swidakov 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
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O Stuwdy the ISR on Higgs
production at LHC (14 Tev)
at detector Level

O ntroduce ISR transfer
fuwotuows

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
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O examples of studies / tnvestigations

mass determinatlon : sSmiuon Pair
Produa‘ciow

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

OM: UCL Thesis
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O Need the parton configuration

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

0 wse 27 as discriminator

EEEREEEEE

- P

OM: UCL Thesis
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pa rtonte Level reconstructed Level

— Theory —— Theory
~—— DMEM ' Matrix Kinematical Fit

o
—_

i |
N dN/dMtt

400 500 600 700 800 900 1000 1100 1200
900 1000 1100 1200
Mtt [GeV] Mt [GeV]
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O What uf the sample is not a SM one? For example if 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

vendredi 20 janvier 2012



O Matrix Element Re-wWelghting: path to precise
measurement

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

0O Allows precisc Mass/SPLw MLEASUYEMLENES
O use the full theoretical information

O A lot of experimental information
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O

Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/Spin measurements
O uUse the full theoretical tnformation

O A lot of experimental information
Need to be careful for radiation
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O

Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/Spin measurements
O uUse the full theoretical tnformation

O A lot of experimental information
Need to be careful for radiation

O Improves Kinematical Fitting Method
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O

Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/Spin measurements
O uUse the full theoretical tnformation

O A lot of experimental information
Need to be careful for radiation

O Improves 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/SPLw measurements

O use the full theoretical information

O A lot of experimental information

Need to be careful for radiation

mproves Kinematical Fitting Method
BUT

O Still time consuming

vendredi 20 janvier 2012



Matrix Element Re-Weighting: path to precise
measurement

Madwelght allows efficlent evaluations for
ANY BSM moodel ana ANY topologies

Allows precise Mass/SPLw measurements

O use the full theoretical information

O A lot of experimental information

O Need to be careful for radiation

O Improves Kinematical Fitting Method
BUT

O Still time consuming

O Lo wmethod
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Backup slide
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O Second Example: semL-Leptowic top quark pair

b

, O degrees of freedom 16

b1

O peaks 19

P2

Pe

p3
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O Second Example: semL-Leptowic top quark pair

b

P4

b1

P2

Pe

p3

O peaks 19

—» 3 peaks unaligned
—» Multi-channel
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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 3 Multl-channel

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

32E 27T)32E6 ;
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0O Second Example: semL—Lep’coch top quark pa'w
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» 3 3peaks unaligned
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0O Second Example: semL—Lep’coch top quark pa'w
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N CZ p1
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» 3 3peaks unaligned
o 3 Multl-channel
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0O Second Example: semL—Lep’coch top quark pa'w
PBE b

P4

u p, O oegrees of freedom 16

b1

O peaks 19

B P2

» 3 3 peaks unaligned
B —» Multi-channel

d3p6
dp = | | dr1dro0* (pg + pp — E -

5 4 4
PQS—SJCO) 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—Lep’coch top quark pa'w

ps O degrees of freedom 16

O peaks 19

» 3 3 peaks unaligned
o 3 Multl-channel

d3p6
dp = | | dr1dro0* (pg + pp — E -

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

k=1,k£2

vendredi 20 janvier 2012



O the phase-space s 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 Estimate Charged Higgs contribution
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O Estimate Charged Higgs contribution
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O €stimate 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 €stimate Charged Higgs contribution
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O €stimate 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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