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We propose a novel method for an indirect measurement of s raf final states produced
through charged current processes at the LHC. This methbdsisd upon the process integral
charge asymmetry. First, the theoretical prediction ofititegral charge asymmetry and its re-
lated uncertainties are studied through parton level csestons calculations. Then, the exper-
imental extraction of the integral charge asymmetry of a&gigignal, in the presence of some
background, is performed using particle level simulatioRsocess dependent templates enable
to convert the measured integral charge asymmetry into tmaged mass of the charged final
state. Finally, a combination of the experimental and tle@tétical uncertainties determines the
full uncertainty of the indirect mass measurement.

This new method applies to all charged current processéedtHC. In this study, we demon-
strate its effectiveness at extracting the mass of the Wrhasoa first step, and the sum of the
masses of a chargino and a neutralino in case these supeetsioarticles are produced by pair,
as a second step. Note that contrarily to most of the usua neasnstruction techniques that are
based upon the kinematics of the events final state, thisadetbpends on the events initial state
and reflects the charge asymmetry of the colliding protons.
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1. Introduction

Contrarily to most of the previous high energy particle idalts, the LHC is a charge asym-
metric machine. For charged final stateslenotedF S*, the integral charge asymmetry, denoted
Ac, is defined by

po= NES)-R(ES) (1.1)
(FSt)+N(FS)
whereN(FS") andN(FS™) represent respectively the number of events bearing aiymsitd a
negative charge in the FS.

For aF S* produced at the LHC ip+ p collisions, this quantity is positive or null, whilst it is

always compatible with zero forS* produced at the TEVATRON ip + p collisions.
To illustrate theAc observable, let's consider the Drell-Yan productionVét bosons inp+ p
collisions. It is obvious for this simple 2 2 s-channel process that ma&™ thanW— are pro-
duced. Indeed, denotingy the rapidity of the W boson, the corresponding range of thigkgn
X'S: X2 = M\V}i x &YW probes the charge asymmetric valence parton densitiéénwite proton.

S _ =
This results in having more +D — W™ thanU + D — W~ configurations in the initial state (IS).

Here U and D collectively and respectively represent thengpthe down quarks.

In the latter case the dominant contributionAg comes from the difference in rate between the
u+d and thed + 'quark currents in the IS. Using the usual notatfgr, Q?) for the parton density
functions (PDF) and within the leading order (LO) approxiima, this can be expressed as:

U(xa2,M&)d(x2,1, M%) — G(x.2, MG )d(x2.1, M)
U(x1.2, MZ)d(X2,1,M3)) + U(X1 2, M3 )d(X2.1, MZ))

where the squared four-momentum trans@éis set toM3,.
From equation 1.2, we can see that @fevolution of the parton density functions (PDFs) gov-
ern theQ? evolution of Ac. The former are known, up-to the NNLO in QCD, as solutionshef t
DGLAP equations [2]. One could therefore think of using aalgiical functional form to relate
Ac to the squared mass of the s-channel propagator,MgreHowever there are additional contri-
butions to theV= inclusive production. At the Born level, some come from offftevour combina-
tions in the IS of the s-channel, and some come from the u antdchannels. On top of this, there
are higher order corrections. These extra contributiondeethe analytical expression of tg
dependence ofc much more complicated. Therefore we choose to build predependent nu-
merical mass template curves #¢ by varying M=s:. These mass templates constitute inclusive
and flexible tools into which all the above-mentioned cdmittions toAc: can be incorporated, they
can very easily be built within restricted domain of the sigphase space imposed by kinematic
cuts.

In this article we exploit thé\c to set a new type of constraint on the mass of the chafged
as initially proposed in [8][9].

We'll separate the study into two parts. The first one, inieac2, is dedicated to present in
full length the method of indirect mass measurement thatnepgse on a known Standard Model

(1.2)

1we defined these as event topologies containing an odd nushhigh pr charged and isolated leptons within the
fiducial volume of the detector.
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(SM) process. We choose thN¢™ — ¢* + E1 inclusive production at the LHC to serve as a test
bench.

In the second part, in section 3, we shall repeat the methoa '®Beyond the Standard Model"
(BSM) process. We choose a SUSY search process of highsinteuaenelyf(li + X9 — 30* + Hr.

For both the SM and the BSM processes, we obviously tag timeafithe FS by choosing a decay
into one (or three) charged lepton(s) for which the sign [@eeinentally easily accessible.

2. A Standard M odel Test Bench Process

2.1 Theoretical Prediction of Ac(W* — (*v)

The theoreticalAc template curves for the MRST2007lomod PDF. The raw tempatge
with the breakdown of the theory uncertainties and the fitgisi functional form described below
are shown on the left hand side (LHS) and the right hand sid¢SjRof Fig. 1, respectively.
We note the evolution ofc as a function of the artificially varied/* is a monotonic increasing
function that can be described by a polynomial of logaritreh#ogarithms ofW=: Ac[My:] =

N .
S A x [Log[Log[Mw:-]]]'. This functional form is inspired by a parametrization of gmnalytical
i=0

solution of non-singlet DGLAP equation.
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Figurel: TheoreticalAc template curves for the MRST2007lomod PDF.

2.2 Experimental Measurement of Ac(W* — (*v)

In this subsection we extragi: (W= — ¢v) in presence of some background processes. To
this end we generate Monte Carlo samples for the signal amdbdlakground processes in p+p
colissions at,/s= 7 TeV with an integrated luminosity df = 1 fb~1. We use a fast simulation
of the response of the ATLAS detector. And we apply some #elecuts to optimize the signal
to noise ratio. We keep the events with a hard and isolatedrefeor muon that has pr > 25
GeV. These events must have a missing transverse energy tham 25 GeV and a transverse mass
larger than 40 GeV.

The corresponding efficiencies, events yields and expettaedje asymmetries reported in Tab. 1.
In order to correct for the experimenal biases/en one due to the selection cuts and the other
due to events from background processes passing these¢imelegts, we apply amc back-
ground subtraction. This method background subtractidvaged upon the following equation:
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Process ‘ & Nexp ‘ Ac = 5ATE ‘
(%) (k evts) (%)
Signal:WF — eTve
M(WE) = 40.2 GeV 0.81+0.01 290.367 9.66+1.57
M(WE) = 60.3 GeV 13.69+0.05 2561.508 1122+0.38
M(WE) = 80.4 GeV 29.59+0.04 3343.195 16.70+0.18
M(WE) = 1005 GeV 39.19+0.07 2926.093 20.77+0.22
M(WE) = 1206 GeV 44.84+0.07 2357.557 2319+0.21
M(WE) = 1407 GeV 48.66+0.07 1899.820 25.29+0.20
M(W*) = 1608 GeV 51.28+0.07 1527.360 26.87+0.19
M(W*) = 2010 GeV 54.54-+0.07 1.032 29.06+0.18
Background - 91.614+1.706 10.07+0.15
WE - pFvy /t5ve /gy 0.211+0.003 71350 1292+1.25
tt 5.76+0.02 6.600 1.00+0.37
t+b, t+q(+h) 3.59+0.01 1.926 28.97+0.35
WH+W, W +y*/Z, v /Z+y*/Z 2.94+0.01 2.331 10.65+0.35
y+Y, y+ies y+WE y+Z 0.201+0.001 0.759 17.25+0.53
v /Z 0.535+0.001 5.746 4.43+0.23
QCD HF (0.44+0.17)x 10 % 1.347 14.29+37.41
QCDLF (0.87+0.33) x 104 1.555 7143+ 2645

Table 1: Selection efficiencies, event yields and integral chargenasetries for thaV+ — e* v, analysis.

ATP(S) = (1+aB®). AZ®(S+B) — aBP . AZP(B) wherea®*® = %BZ—E is the noise (B) to signal
(S) ratio. We also use this equation to propagate the expatah éystematic uncertainties into
AZ®(S) accounting for the correlations betweeR®, AZ(B), andAZ*®(S+ B).

This procedure enables to obtaif®S(S) starting fromAEXp(S) where "Meas" stands for mea-
sured and represemg (S) after the background subtraction and the propagation aétperimen-
tal systematic uncertainties. The evolutionA}®S(S) with respect taVly= enables to construct
experimentalAc template curves. This is illustrated for the electron clehimFig. 2.
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Figure2: TheA'CVIeas template curve for the electron channel

2.3 Indirect Determination of My«

The measured: from the electron and the muon channels are convertediptoestimtates using
the corresponding experimental templates.

o AYESFIL(S) — (16.70+0.35)% = MMESFIt(WE — ey,) = 8108552 GeV

o AYSFIL(S) — (17.5240.18)% = MMESFI (W= — p#y,) = 79671333 GeV

These two indirect mass measurements are then combinedjtheoweighted mean:
MCombMeas. \w+) — 80,304 0.96 (Exp.Comh) GeV. The theoretical template curve is read-up at
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the central value of the estimatitly- and the corresponding uncertaintigs? GeV are summed
in quadrature with the experimental ones so as to give tla¢ otertainties:

Mw= = 80.307338 (MRST2007lomoyl GeV.

3. A SUSY PhysicsCase

The previous method is applied to the following SUSY "goldbannel":p+ p — )?f + X2 —
30+ + Fr.
3.1 Theoretical Prediction of Ac(X{ + X5)

The theoreticalAc template curves for the MRST2007lomod PDF. The raw tempatge
and the fit template curve are shown on the left hand side (ldd8)the right hand side (RHS) of
Fig. 3, respectively. The fit fucntional form is analogoughat of section 2'AC[M)~(1i + ng] =

N .
3 A [Log[Log[Mg.: + Mo]]]
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Figure3: TheoreticalAc template curves for the MRST2007lomod PDF.

3.2 Experimental Measurement of Ac(Xi + X9 — 3¢+ + Er)

In this subsection we generate Monte Carlo samples for tiakand the background pro-
cesses in p+p colissions @6 = 8 TeV with an integrated luminosity &f= 20 fb~. Two different
types of SUSY spectra are considered. First, there’s ommtde S1 signal, where sleptons have
masses intermediate betweldp, .o (set equal tdMy-) andMyo. Second, there’s another, denoted
S2 signal, where sleptons have masses much IargeMmgg(g = M)"Gt. Again, we use a fast sim-
ulation of the response of the ATLAS detector. And we applneaelection cuts to optimize the
signal to noise ratio. We keep the events with three hard swidted electron or muon that has a
pr > 20,10,10 GeV. These events must have a missing transverse engygy than 35 GeV and
a stransverse masil{, [10][11] ) larger than 75 GeV. Thac background subtraction is applied,
the experimental uncertainties are propagated A@ﬁ‘s for which experimental template curves
are derived AY®S are converted into estimated sum of mas#s: + My, with the same treatment
of the experimental and theoretical uncertainties thamatien 2.
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3.3 Indirect Deter mination of M)'Zli + M)?g

Finally, we can establish closure tests displayed in FigTe mass ranges with high signal
sensitivities are highlighted.
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Figure 4: Closure test for the indirect measurementsw% + M)?g for the S1 signal (LHS) and the S2
signal (RHS)

4. Conclusions

We have desigend a new method that enables to extract theahasBnal state produced
through charged-current production processes at the LH{S.mMethod is independent of process
the final state kinematics it essentially relies on the ahagymmetry of its initial state tehrefore
on the proton PDFs. This makes this method almost modepanttent. This method is especially
well-suited when many final state particles escape detectiche accuracy of its indirect mass
measurements are presented with three different figuregof im Tab. 2.

- WE S1 Signal S2 Signal
- My =80.4 GeV | 50: [200-800] GeV| 30: [210-270] GeV
Fit
%ﬂff(%) +1.2 [+3.8,+5.8] [+3.7,+4.4]
Fit __ pgTrue
%(%) -0.1 [-2.5,+3.1] [-8.7,+1.0]
Fit _ ppTrue
——MF?MEZFSt (0) -0.1 [-0.7,+0.7] [-2.4,+0.2]

Table 2: Accuracies of indirect mass measurements estimated vifdraht figures of merit.
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