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Types of Technique
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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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Slide from Lester: arXiv:i1004.2#32
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conclusions
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Specific

conclusions

Missing transverse momentum
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Types of Technique

Vague * Missing transverse momentum
conclusions ¢ M_eff, H_T
* s Hat Min
c M T
« M_TGEN
c 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

. e  Cross section
SpeCIfIC «Max Likelihood / Matrix Elemeni>

conclusions , ,
Slide from Lester: arXiv:1004.2#32




introduction to Matrix Element re-wetghting
Automation of the method: Madwelght
Presence of Radiation
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O Assoclate to each exBeerewtaL event |
characterised by p*; the probability P(p**|a)
to be produced and observed following a
theoretical assumption o

P(p¥|a) = [ d®dzidxs| M, (p)]*W (p, p***)

. \M a (p) \2 Ls the squared matrix element
O W(p,p""*)lis the transfer function
O [ d®dxidzsy is the phase-space integral




O Associate to each exBeerewtaL event |
characterised by p*; the probability P(p**|a)
to be produced and observed following a
theoretical assumption o
P(p“*|a) = == [ d®dzidas| M, (p) P W (p, p¥™*)

(%
O-O’,

O |M,(p)|* is the squared matrix element
O W(p,p""*)lis the transfer function
O [ d®dxidzsy is the phase-space integral

0 agjs LS the cross-section (after cuts)



Parton Detector
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4} Jet 1

antL-meon
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O Need to sum over thejet/partow assig nments.
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O Most common and mportant use LS to combine
those L a Likeellhood

i—1
O The bcst possuloLe estimation of o is the one
maximizing the Likelihood

CDF Run Il Preliminary 5.6 fb™ O this ‘PVD\/LDICS the method
with the Lowest statistieal
evvor.

Semi-leptonic deca Y
Mtop = 173.0 £ 1.2GeV

— A(nL)=-05
— A(In L) = 2 o
—A(inL) =
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O Fraction of Stgnal/Bvent extracted at the same

timee: | | |
P(pvzs‘&) _ CSPS (pvzsl&) 4+ CBPB (p’UZS)
Signal event Signal event Background event Experiment
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O Fraction of Stgnal/Bvent extracted at the same

tLme: | |
P( vzs‘&) _ CSPS( vzsl&) + CBPB (p’UZS)

Signal event Signal event Background event Experiment
i 2 —
| = { 4
z /

4 \
g %, probabiliy -
74 /-/ -~ S -
X =

CDF Run Il Preliminary, L=1.51 fb'

O Single Template Analysis: . g To
g =
E| Cotar
d( ’UiS) — PSignal '§p; Background Signal
P (Psignat + P - I
Signal Background ELL
“lhn

0 0.2 0.4 0.6 0.8 1
Event Probability Discriminant




How to evaluate those wetghts?

P(p***|e) = == [ d®dxydxs| M, (p)|*W (p, p*'*)




How to evaluate those wetghts?

P(pvis‘a) — %f dq)dxldx2|Ma(p)‘2

O Fit from MC tuned to the detector resolutio

N O €Each partonic particles
3000 — ,
: has it’s own Transfer
200 fu.wotiows
2000 — 1  (zi—y)?
: Wz y)~ ][] e
1500 i V2mo;
10005— d FDVdeS awg
s addtitional Jets and
: therefore NLO.
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How to evaluate those wetghts?

P(p¥|a) = %f dPdxrdr

O Fit from MC tuned to the detector\resolutio
O WUse of matrix-element generator: Madgraphs

. Alwall,M. Herguet, F.Maltonl, OM,T. Stelzer 1106.0522]



How to evaluate those wetghts?

O Fit from MC tuned to the Yetector\resolutio
O Use of matrix-element genexator: Madgraphs
O Need a specific integrator: Madwetght

[P.Artolsenet, V. Lemaitre, F.Maltont, OM: 1007#.3300]
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How to evaluate those wetghts?

P(p**|e) = ([ d®dxydaza)M, (p)|*W (p, p*')

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




O The cholce of the parameterisation has a strong
Lmpact on the eﬁgouewcg
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O The cholice of the parametrization has a strong
meac’c on the eﬁgouewcg

Y2 Y2

Grid
—>

U1

O The adaptive Monte-Carlo Technigues picks
polnts everywhere
—>» The integral converges slowly




O The cholice of the parametrization has a strong
Lmpact on the eﬁgoiewcg

Y2

Rotatlon

—>
Grid

& Yy — Y2

O The adaptive Monte-Carlo Technigues pieks polnt
Ln Lnteresting areas
—)» The technique is efficlent




O FLrst Exa mple: di—LePtow'Lc top quark Pair

P4

Ps

O degrees of freedom 16
O 2:pdf
O 3 x6&: final states

O -4 cwcrgg—momewcu.m
conservation

O peaks 16
O 4: Breitt-Wigner
O = x4:vistble pa rtieles
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O FLrst Exa mple: di—LePtow'w top quark Pair
b

P4

" O degrees of freedom 16

b1

-, O peaks ic
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O Second Example: semi—Lep’coch top quark pair
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O Second Example: semi—Lep’coch top quark pair

b P4
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O Second Example: semi—Leptowic top quark pair

b P4

u p, O oegrees of freedom 16
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p1

O peaks 19

b M P2
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Cor 3 Multi-channel
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O Second Example: semi—Leptowic top quark pa'w

b D4

PB D

u ), O degrees of freedom 16
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00000 % m’,
FB B ,
A pr 3 3 peaks unaligned
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O Second Example: semi—Leptowic top quark pa'w
PBE b

ps O degrees of freedom 16

O peaks 19
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How to evaluate those wetghts?

P(p**|e) = ([ d®dxydaza)M, (p)|*W (p, p*')

Difficult po'u/\,t: Nuwmeriteal ntegration

O Presence of sharp functions
O Breit-Wigner
O TF linked to angular observables

3 Need a smart parameterization of the phase space

————> This is process dependent

3 Needl to be Automatic, model tndependent, fast
MADWEIGHT

P. Artoisenet, V. Lemaitre, F. Maltoni, OM: JHEP 1012:068
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2009: Madgraph4 mplementation
2011: Private mplementation tn Madgraphs
O Initial State Radiation Support
O SubProcess grouping (speed)
O NWA (speed)
2013: Madwelghts beta
O (mprove cluster support (speed)
O MC over jet/parton assignment (speed)
O pre-training (speed)
O better multi-channel (speed)
2014: Madwelghts in MG5_aMC

O Support for multi-transfert function estimated on the same phase-
space point (speed)

O Module of preselection of the jet/parton assignment (speeol)




O Number of tntegration to evaluate:

O Nuwmber of events: ~1000
O Nuwmber of theoretical hypothests: ~10

O sSystematics (JES): ~5

O )et-Partown assignment: ~12

O Total: ~600R

Each of them needs to be Fast



'PVOOBSS

tt seml lept

tt fully Lept 2
tth semi Lept F20
tth semi Lept 48
tth fully lept 24

hW>w+ w- > Llept 2

hW>w+ w- > 2lept 1
zbb 24
zh 24

running own 1eore of a Intel core L7+ 2.3z



O Nuwmber of tntegration to evaluate:

O Number of events: ~1000
O Nuwmber of theoretical hypothests: ~10
O sSystematics (JES): 'X 1
O jet-Parton assignment: > 1
O Total: ~10R

Each of them needs to be Fast



0O The Likelthood meethods bullds the BEST
discriminating variable

O Fully Model dependent

O Transfer Function approximation
O Factorize for each parton
O Not valid for hard radiation

O Puwre LO approximatiow

O

Strong sensitivity tnw analysts cut

O Computing time Neyent * Ny, tintegrals)



O

The Likelthood methods bullds the BEST
discriminating variable

Fully Model dependent
Transfer Function approximation

O Factorize for each parton

, . Next Section

O Not valid for hard radiation €————
, , Next Section

Pure LO approxtmation (K_

Strong sensitivity tnw analysts cut

computing time (Neyent * Nip tntegrals)



MEM with radiation / NLO




0 SR * FSR

O Main Bffect is to = Need to be parameterize in
inoduce a the TF
transverse boost. - Having a one parton

O Different PDF evolving in two jets TF
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0 SR * FSR

O Mawn Effect LS to = Need to be parameterize tn
tnoluce a the TF
transverse boost. - Having a one parton
O Different PDF evolving in two jets TF
Here t will focus on ISR Work L progress



O Those radiations are meortawt

O ttjis 50% at LHC
O = Malwn Ldea

O Trawnsfer boost

O use ME + N jets

O NLO



0 Use ME + Njets

O H'a\/wx,g one more jets at the matrix element
Level is roughly 10 times slower.

O wnumber of permutations (assigniment
Je’c—par’cow)

O cowmplexity of the integrand
O diumension of the phase-space

O The radiation probLem still oceurs (at Least
for the tnclusive sample)

O NLO
0 BasioaLLg equivalent to ME + Njets



[J. Campbel, W. Giele, C. Williams,1204.4424]

O Splitting higher order Ln two pLeces depending
Lf You resolve the jet or not

O f Yyou resolve the jet: Use LO ME + 1 jet
O f Yyow don't:

Py (@5) = LE0S (@) (|/\A(°>(<I>B)|2 + 2Re{M<°)M(1)*(<I>B)})

21198

Pr(®p) = / 481, (@), L (@) )0 g g 00)2

2T ,ThS
d®(pa +po = Q +pr) =dP(Da + b = Q) X d Prps(Pa, Pbs Pr) X Oeto

only Lmprove the wo—jet bin!



O Those radiations are meor’ca nt

O ttjis 50% at LHC

O = Maln Ldea

d Transfer boos

0 Use ME + Njets

O NLO



Higgs production

O Higgs Mass
O s-chanwnel

O NoFSR




O sStudy the ISR on Higgs
production at LHC (14 TeV)
at partow Level (no
hadrontlzation)
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O sStudy the ISR on Higgs
production at LHC (14 TeV)
at partow Level (no
hadrontlzation)

e No ISR—JPp No BLAS

L/ Linax
1.0~ No ISR in event n Lo
generation [ \ [
0.8 - events with ISR: I \I l
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006%----cutpT>6GeV | \
- — - Boost correction only I I ‘
04 .~ — - - Boost correction I \ \
with Sudakov | \ '
02 - reweighting -~ | . \ \
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O sStudy the ISR on Higgs
production at LHC (14 TeV)

‘ at partow Level (no
hadrontlzation)

e Large Veto=PLarge bias

3
No ISR in event \ 2N
generation \\
\
. \
) \
. ; \
: \
| : /
K , y
- Boost correction only I | I’ \
) ,'I ! / \\
- - Boost correction - | / \
with Sudakov | ! \
reweighting -~ | . / \
. / / \
. /| . / \
e / / N my,
J il ‘\ | | / e | R N N N B = _— —_—

176 178 180 182 184 186 188 GeV




O sStudy the ISR on Higgs
production at LHC (14 TeV)

g
‘ at partow Level (no
h ’ ’
""""" hadvronlzation)
5 ’
g e swmaller veto smaller bias
but larger statistical
1 I'd I d

L/ L 3 uwncertaLntLess
1.0 - No ISR in event N

i generation ,/ \
0.8 - events with ISR: I/I \\

 ——-cutp C / '

L / \\
06~ ¢ /! \

— - Boost correction only I I I’ \\

: , \

0.4 .~ — - - Boost correction I | II \\
with Sudakov " | I ! \

02 - reweighting | . / Y

u p / '/ // \\\

J---\"‘\x ‘ | /_«/ | j/; I R S R _— ﬂ_
176 178 180 182 184 186 188 GeV




O sStudy the ISR on Higgs
production at LHC (14 TeV)

g
‘ at partow Level (no
h ’ ’
""""" hadvronization)
5
: o Usethe ISR to boost the
momenta =3 small bLas/
;
L/ Luya ° Eyvor
1.0 - No ISR in event N
I , /
generation / \\
I /
0.8 - events with IS I \I . I’ \\
- ’ ! . / \
e 2 \
0.6 /I \
I E I \
— - \
g J \
0.4 ~ — -~ Boost correction . / \\
with Sudakov | ! \
02 B reweighting | / \\
: PR N .
J---\"‘\x ‘ | /_«/ | j/; I R ke _— ﬂ_
176 178 182 184 186 188 GeV




No ISR in event
generation

events with ISR:

= Boost correctio
with Sudakov
reweighting -

O sStudy the ISR on Higgs
production at LHC (14 TeV)

‘ at partow Level (no
hadrontlzation)

o Add the sudakov Factor
—» No sigwnificative bias

Pin,z
Z R ,
e~ Pin,z + Prad,z




O Study the ISR on Higgs

proolu.atbow at LHC (14 Tev)
at detector Level (stmulation
5 includes pile-up)

3
L/Lmax B t L t
i 00S ow 5 VEto
1.0 - —— No ISR in event A
I generation / \ 1
L [ ] \
0.8 - ----events with ISR, \ I! \ [
I cut p; > 40GeV i \,\ ! \‘
L A 1
0.6 - -—-- Boost correction / \ ’:' ‘\
only ! \ ’: !
L I \ ] \
0.4 - — — Boost correction | \ | |
I with ISR integr. / \ ! \
/ ‘\ Il \‘
02 / : /! !
. \‘ / \
./ \ )/ \\ my,
| [ Z \_.J'/ ! | N 1 I _1’/ | | ! ! \N |
Iii Iii Iiii ‘ii ‘ii Iii Iii Iiii GeV




O Study the ISR on Higgs
proolu.atww at LHC (14 Tev)

at detector Level (stmulation

uneludes pLLe up)
o Introduce ISR transfer

I'd
functions
1 (pr—p¥5—a1)?/(2a3) —(pr—p¥s—a4)?/(2a3) vis
W (p pv1s) L V2m(ag+azas) [6 + az € ] fOI' Pt > pT?
ISRALT 21 1 ,—(log(pr)—b1)?/(203) for pvis <
Vb2 pr Pt p i
L/Lmax t L t
: Boost on Y V
1.0 - —— No ISR in event 00 0 /e\\ 0
I generation / \ ',' \‘
- . \
0.8 - ----events with ISR, ) I! \ ," !
I cut p; > 40GeV i \ .
n b \ I 1
0.6 - -—-- Boost correction / \ ’:' ‘\‘
I only ! \ ! \
L | ! I \
0.4 - — — Boost correction | \-\ / ]
I with ISR integr. I \ ! \
B / ‘\ Il \‘
02+ ; . ; \
- . \ / \
/ \ ! '
| [ Z \_._J'/ ! | | ‘\L ! 1 I _1’//1 | ! ! \\N | mh
Iii Iii Iiii Iii ‘ii Iii Iii Iiii GeV




TTH: LHC SENSITIVITY
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Vs=8TeV 3

LAl Ll U
LHC HIGGS X5 WG 2012

o(pp — H+X) [pb]

0% _
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M, [GeV]
O sSwall prodetiow rate 0 ChaLLewgiwg backgrouno
O o.137pb (8 Tev) O tt+ (b)jets
O 0.632pb (14TeV) O Combinatorial

can the MEM mero\/e the sev\,sltlvitg?
Oliviermateelaer  Glasgwaprilzoot4  se
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O Geweration: MG5+Pythias+pelphes2 (14TeV)
O ©Bvent selection (CMS type of selection)
O Lepton: Pr>20,|n| <24
O Jets: (anti-kT,AR =0.5) Pr > 30,|n| < 2.5
O at least four taggeo b-jets

process incl. o | efficiency oeC

tth, single-lepton | 111 fb 0.0485 5.37 fb
tth, di-lepton 17.7 tb 0.0359 0.634 fb

tt+jets, single-lepton| 256 pb [0.463 x 107°| 119 fb
tt+jets, di-lepton |40.9 pb|0.168 x 10~2| 6.89 b




O Geweration: MG5+Pythias+pelphes2 (14TeV)
O Event selection (CMS type of selection)
O Lepton: Pr>20,|n| <24
O Jets: (anti-kT,AR =0.5) Pr > 30,|n| < 2.5
O at least four taggeo b-jets

process incl. o | efficiency S/B
tth, single-lepton | 111 fb 0.0485
tth, di-lepton 17.7 fb 0.0359
tt+jets, single-lepton| 256 pb [0.463 x 107°| 119 fb | 1/22
tt+jets, di-lepton |40.9 pb|0.168 x 1073| 6.89 fb | /11




P(p**|ar) = = [ d®dzyday| M, (p)|*W (p, p***)

O Transfer function:
O perfect resolution on charged Leptons
O perfect resolution for jets angle

O double gaussian with energy dependencies
for jets energy

O Matrix-element
O with ISR boost correction
O tth for signal
O ttbb for background
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D; = .
04 : P(x;|S) + P(x:|B)
' signal events (Dg) | ]
bg. events (Dg) 1 O Higher discriminative
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0.4 signal events (Dg) |
bg. events (Dg)
0.2 | di-lepton channel
0.2 ; single—lepton channel
02 04 06 0.8
D

D; =

P(mz|S) + P(mz-|B) |

O Higher discriminative

power for di-leptonie

chanwnel

O Lless background
combLnatories

O Higher proloaloLLLtg to

select the “wrong” jet
for semi-leptonic
chanwnel.

CS




LR 1—[ roP(x;|S) + (1 — ro) P(z;| B) = S0
MEM = P(xz;|B) so + bo

£ 014 —
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L 1—[ ’f'()P SL'z|S) -+ (1 — rO)P(a:,\B) ro = S0
MEM = P(z;|B) so + bo

2 0.14 S
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© 0 Leitili o

L
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Test: confidence level in rejecting S+8 Lf B-only
Ls realizeol

O

O correspond to the green integral



O rescale the cross section by a factor w such that
S+® is excluded at 95% C.L

100 ¢ , I | '
: di-lepton channel .
single-lepton channel ----- i

95%c.l. 40fb~}!
30 120 b~}
50 420 b1

2 4 8 16 32 64
luminosity (fo™")
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O Matrix Element Re-Welghting: path to precise
measurement

O Lo order method

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

O Allows precise Mass/Spln measurements
O wuse the full theoretical tnformation
O A lot of experimental information
O madiation Ls a bottleneck
O Need new way to deal with themt (FSR)

0 MEM Ls able to hawndle succ&ss{uug
compLLoated Process Like tth



Backup slide



O Second Example: semi—Lep’coch top quark pair
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O Second Example: semi—Lep’coch top quark pair
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O Second Example: semi—Leptowic top quark pair

b P4

u p, O oegrees of freedom 16

ERCI LI

p1

O peaks 19

b M P2

v =y 3peaks unaligned
Cor 3 Multi-channel
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O Second Example: semi—Leptowic top quark pa'w

b D4

PB D

¢ PB D
v, O degrees of freedom 16
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O Second Example: semi—Leptowic top quark pa'w

b D4

PB D

u ), O degrees of freedom 16
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00000 % m’,
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A pr 3 3 peaks unaligned
o =3 Multi-channel
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© O peaks 19
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O Second Example: semi—Leptowic top quark pa'w
PBE b
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O Second Example: semi—Leptowic top quark pa'w
PBE b

ps O degrees of freedom 16

O peaks 19

tFBB o oy 3peaks unaligned
"7 = Multi-channel

do) = H ©p: I pc dr1dzo0* (pa +po — Y D))
(27)32F; ( 27T)3QE6 ; /

4 —
—Fassto o g — Hd@idgbi [Ldpil [[ dmZxJ
i=1 =2

k=1,k#2




O the phase-space s split into 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 automatically
O the optimat 1Y rtition of the PS into blocks

O computes the welghts using the
corresponding PS parametrisation
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O Estimate Charged Higgs contribution

O define discriminant: | | | R
o PS 025 b { i
d = Ps+Pgpca —1
., B 015 —> ‘ ------ |
Probability for one T}
event to have a givew'| R
discriminant value™ B LI
= i

N RS




O Estimate Charged Higgs contribution

D oleﬁwe discriminant: | | | s =
L PS 02s | { |
d = Ps+Ppg —IT
O SM Mownte-Carlo:— ‘ """ -

| i
0os | f_ l _'EL

|
f 02 0.4 0.6 0.8 1




O Estimate Charged Higgs contribution

. d&'ﬁ«l/\/e dLSOVLVMaLV\aa wt: 'Baclgéyouwld -SL@W“L Ib"‘“g;’;j B

L PS 025 {
d = Ps+Ppc —f%_
O SM Mownte-Carlo:— ‘ """ R -

1
0 nz 0.4 0.6 n.a 1




O Estimate Charged Higgs contribution

O define discriminant:

d= 53
Ps+Ppg

O SM Monte-Carlo: —
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O Estimate Charged Higgs contribution

O define discriminant:

d _ PS 025 -
Ps+Ppg

O SM Monte-Carlo: —

02

015

O sSignal Monte-Carlo
-

08 — 1.7 & O.4pb )




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

How to wmeasure smu.ow mass and LSP mass?

>W <M
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O €Examples of studies / investigations

0 wmass determinatlon : sSmuon pair
prooluctlow

0 Spiw AN Lgsis
O ISR effects: PP > H > Wt wW-
O DMEM: Myf L fully Leptonic chanmnel
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O Need the parton configuration

Ps

O uses a series of constraints

p (Rinematical fit)
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P4

O Need the parton configuration

Ps
O uses a series of constraints
i (Rinematical fit)

2 1 OP

0 use as discriminator

P P oz

p3
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pa rtontle Level
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O what uf the sample is not a SM one? For example if
heavy Z exists (600 Gev).

g B —— Standard Model expectaion
= ———— 5% of Z' events (600GeV)
% B —— 8% of Z' events (600GeV)
—|Z — ——— 10% of Z' events (600GeV)
0.08—
0.06[—
0.04—
0.02—
l | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
%00 400 500 600 700 800 900 1000 1100 1200

Mtt [GeV]

only Use SM matrix Element!!!



O €examples of studies / investigations

0 wmass determinatlon : sSmuon pair
prooluc’clow

O Discriminating Hypothests
O ISR effects: pp > H > W+ W-
O PMEM:my; Ln fchLa chtowic chanwnel



O Discriminate t t~ Higgs from background
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diagram 3 QCD=2, QED=1
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Fully Leptow’w deca Y

o T |

diagram 3 QCD=2, QED=1 O 6

O define discriminant: | ; D —
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Fully Leptowia deca Y

diagram 3 QCD=2, QED=1 O 6
O define discriminant: .
Ps+Ppg

O Higgs Sample
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