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We propose a novel method for an indirect measurement of the mass of final states produced

through charged current processes at the LHC. This method isbased upon the process integral

charge asymmetry. First, the theoretical prediction of theintegral charge asymmetry and its re-

lated uncertainties are studied through parton level crosssections calculations. Then, the exper-

imental extraction of the integral charge asymmetry of a given signal, in the presence of some

background, is performed using particle level simulations. Process dependent templates enable

to convert the measured integral charge asymmetry into an estimated mass of the charged final

state. Finally, a combination of the experimental and the theoretical uncertainties determines the

full uncertainty of the indirect mass measurement.

This new method applies to all charged current processes at the LHC. In this study, we demon-

strate its effectiveness at extracting the mass of the W boson, as a first step, and the sum of the

masses of a chargino and a neutralino in case these supersymmetric particles are produced by pair,

as a second step. Note that contrarily to most of the usual mass reconstruction techniques that are

based upon the kinematics of the events final state, this method depends on the events initial state

and reflects the charge asymmetry of the colliding protons.

The XXIII International Workshop on Deep Inelastic Scattering and Related Subjects
April 27 - May 1, 2015
Southern Methodist University
Dallas, Texas 75275

∗Speaker.

c© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). http://pos.sissa.it/



P
o
S
(
D
I
S
2
0
1
5
)
1
7
6

Indirect Mass Measurements from Charge Asymmetry Steve Muanza

1. Introduction

Contrarily to most of the previous high energy particle colliders, the LHC is a charge asym-
metric machine. For charged final states1, denotedFS±, the integral charge asymmetry, denoted
AC, is defined by

AC =
N(FS+)−N(FS−)
N(FS+)+N(FS−)

(1.1)

whereN(FS+) andN(FS−) represent respectively the number of events bearing a positive and a
negative charge in the FS.

For aFS± produced at the LHC inp+ p collisions, this quantity is positive or null, whilst it is
always compatible with zero for aFS± produced at the TEVATRON inp+ p̄ collisions.
To illustrate theAC observable, let’s consider the Drell-Yan production ofW± bosons inp+ p
collisions. It is obvious for this simple 2→ 2 s-channel process that moreW+ thanW− are pro-
duced. Indeed, denotingyW the rapidity of the W boson, the corresponding range of the Björken
x’s: x1,2 =

MW±√
s × e±yW , probes the charge asymmetric valence parton densities within the proton.

This results in having moreU + D̄ →W+ thanŪ +D →W− configurations in the initial state (IS).
Here U and D collectively and respectively represent the up and the down quarks.
In the latter case the dominant contribution toAC comes from the difference in rate between the
u+ d̄ and thed+ ū quark currents in the IS. Using the usual notationf (x,Q2) for the parton density
functions (PDF) and within the leading order (LO) approximation, this can be expressed as:

AC ≈
u(x1,2,M2

W )d̄(x2,1,M2
W )− ū(x1,2,M2

W )d(x2,1,M2
W )

u(x1,2,M2
W )d̄(x2,1,M2

W )+ ū(x1,2,M2
W )d(x2,1,M2

W )
(1.2)

where the squared four-momentum transferQ2 is set toM2
W .

From equation 1.2, we can see that theQ2 evolution of the parton density functions (PDFs) gov-
ern theQ2 evolution ofAC. The former are known, up-to the NNLO in QCD, as solutions of the
DGLAP equations [2]. One could therefore think of using an analytical functional form to relate
AC to the squared mass of the s-channel propagator, hereM2

W . However there are additional contri-
butions to theW± inclusive production. At the Born level, some come from other flavour combina-
tions in the IS of the s-channel, and some come from the u and the t-channels. On top of this, there
are higher order corrections. These extra contributions render the analytical expression of theQ2

dependence ofAC much more complicated. Therefore we choose to build process-dependent nu-
merical mass template curves forAC by varying MFS± . These mass templates constitute inclusive
and flexible tools into which all the above-mentioned contributions toAC can be incorporated, they
can very easily be built within restricted domain of the signal phase space imposed by kinematic
cuts.

In this article we exploit theAC to set a new type of constraint on the mass of the chargedFS±

as initially proposed in [8][9].
We’ll separate the study into two parts. The first one, in section 2, is dedicated to present in

full length the method of indirect mass measurement that we propose on a known Standard Model

1We defined these as event topologies containing an odd numberof high pT charged and isolated leptons within the
fiducial volume of the detector.
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(SM) process. We choose theW± → ℓ±+ /ET inclusive production at the LHC to serve as a test
bench.
In the second part, in section 3, we shall repeat the method ona "Beyond the Standard Model"
(BSM) process. We choose a SUSY search process of high interest, namelyχ̃±

1 + χ̃0
2 → 3ℓ±+ /ET .

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

2. A Standard Model Test Bench Process

2.1 Theoretical Prediction of AC(W± → ℓ±ν)

The theoreticalAC template curves for the MRST2007lomod PDF. The raw templatecurve
with the breakdown of the theory uncertainties and the fit using a functional form described below
are shown on the left hand side (LHS) and the right hand side (RHS) of Fig. 1, respectively.
We note the evolution ofAC as a function of the artificially variedW± is a monotonic increasing
function that can be described by a polynomial of logarithmsof logarithms ofW±: AC[MW± ] =
N
∑

i=0
Ai × [Log[Log[MW± ]]]i. This functional form is inspired by a parametrization of the analytical

solution of non-singlet DGLAP equation.
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Figure 1: TheoreticalAC template curves for the MRST2007lomod PDF.

2.2 Experimental Measurement of AC(W± → ℓ±ν)

In this subsection we extractAC(W± → ℓ±ν) in presence of some background processes. To
this end we generate Monte Carlo samples for the signal and the background processes in p+p
colissions at

√
s = 7 TeV with an integrated luminosity ofL = 1 f b−1. We use a fast simulation

of the response of the ATLAS detector. And we apply some selection cuts to optimize the signal
to noise ratio. We keep the events with a hard and isolated electron or muon that has apT > 25
GeV. These events must have a missing transverse energy larger than 25 GeV and a transverse mass
larger than 40 GeV.
The corresponding efficiencies, events yields and expectedcharge asymmetries reported in Tab. 1.
In order to correct for the experimenal biases onAC, one due to the selection cuts and the other
due to events from background processes passing these selection cuts, we apply anAC back-
ground subtraction. This method background subtraction isbased upon the following equation:
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Process ε Nexp AC ±δAStat
C

(%) (k evts) (%)

Signal:W± → e±νe
M(W±) = 40.2 GeV 0.81±0.01 290.367 9.66±1.57
M(W±) = 60.3 GeV 13.69±0.05 2561.508 11.22±0.38
M(W±) = 80.4 GeV 29.59±0.04 3343.195 16.70±0.18
M(W±) = 100.5 GeV 39.19±0.07 2926.093 20.77±0.22
M(W±) = 120.6 GeV 44.84±0.07 2357.557 23.19±0.21
M(W±) = 140.7 GeV 48.66±0.07 1899.820 25.29±0.20
M(W±) = 160.8 GeV 51.28±0.07 1527.360 26.87±0.19
M(W±) = 201.0 GeV 54.54±0.07 1.032 29.06±0.18

Background - 91.614±1.706 10.07±0.15
W± → µ±νµ /τ±ντ /qq̄′ 0.211±0.003 71.350 12.92±1.25

tt̄ 5.76±0.02 6.600 1.00±0.37
t +b, t +q(+b) 3.59±0.01 1.926 28.97±0.35

W +W, W +γ∗/Z, γ∗/Z+γ∗/Z 2.94±0.01 2.331 10.65±0.35
γ+γ, γ+ jets, γ+W±, γ+Z 0.201±0.001 0.759 17.25±0.53

γ∗/Z 0.535±0.001 5.746 4.43±0.23
QCD HF (0.44±0.17)×10−4 1.347 14.29±37.41
QCD LF (0.87±0.33)×10−4 1.555 71.43±26.45

Table 1: Selection efficiencies, event yields and integral charge asymmetries for theW± → e±νe analysis.

AExp
C (S) = (1+α Exp) ·AExp

C (S+B)−α Exp ·AExp
C (B) whereα Exp =

NExp
B

NExp
S

is the noise (B) to signal

(S) ratio. We also use this equation to propagate the experimental systematic uncertainties into
AExp

C (S) accounting for the correlations betweenα Exp, AExp
C (B), andAExp

C (S+B).
This procedure enables to obtainAMeas

C (S) starting fromAExp
C (S) where "Meas" stands for mea-

sured and representsAC(S) after the background subtraction and the propagation of theexperimen-
tal systematic uncertainties. The evolution ofAMeas

C (S) with respect toMW± enables to construct
experimentalAC template curves. This is illustrated for the electron channel in Fig. 2.

) (GeV)±M(W
0 50 100 150 200 250

 (
%

)
C

A

0

5

10

15

20

25

30

35

40

45

50  / ndf 2χ  8.872 / 4
p0        3.223± 107.1 
p1        3.188±183.5 − 
p2        1.411± 82.69 

 / ndf 2χ  8.872 / 4
p0        3.223± 107.1 
p1        3.188±183.5 − 
p2        1.411± 82.69 

) (GeV)±M(W
0 200 400 600 800 1000 1200

 (
%

)
C

A

0

10

20

30

40

50

60

70

MRST2007lomod

Tot.Fit

Figure 2: TheAMeas
C template curve for the electron channel

2.3 Indirect Determination of MW±

The measuredAC from the electron and the muon channels are converted intoMW± estimtates using
the corresponding experimental templates.

• AMeas.Fit
C (S) = (16.70±0.35)% ⇒ MMeas.Fit(W± → e±νe) = 81.08+2.06

−2.01 GeV

• AMeas.Fit
C (S) = (17.52±0.18)% ⇒ MMeas.Fit(W± → µ±νµ) = 79.67+3.56

−1.39 GeV

These two indirect mass measurements are then combined through a weighted mean:
MComb.Meas.(W±) = 80.30±0.96 (Exp.Comb.) GeV. The theoretical template curve is read-up at
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the central value of the estimatedMW± and the corresponding uncertainties+0.19
−0.21 GeV are summed

in quadrature with the experimental ones so as to give the total uncertainties:

MW± = 80.30+0.98
−0.98 (MRST2007lomod) GeV.

3. A SUSY Physics Case

The previous method is applied to the following SUSY "goldenchannel":p+ p→ χ̃±
1 + χ̃0

2 →
3ℓ±+ /ET .

3.1 Theoretical Prediction of AC(χ̃±
1 + χ̃0

2)

The theoreticalAC template curves for the MRST2007lomod PDF. The raw templatecurve
and the fit template curve are shown on the left hand side (LHS)and the right hand side (RHS) of
Fig. 3, respectively. The fit fucntional form is analogous tothat of section 2:AC[Mχ̃±

1
+Mχ̃0

2
] =

N
∑

i=0
Ai × [Log[Log[Mχ̃±

1
+Mχ̃0

2
]]]i
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Figure 3: TheoreticalAC template curves for the MRST2007lomod PDF.

3.2 Experimental Measurement of AC(χ̃±
1 + χ̃0

2 → 3ℓ±+ /ET )

In this subsection we generate Monte Carlo samples for the signal and the background pro-
cesses in p+p colissions at

√
s= 8 TeV with an integrated luminosity ofL= 20 f b−1. Two different

types of SUSY spectra are considered. First, there’s one, denoted S1 signal, where sleptons have
masses intermediate betweenMtildeχ0

2
(set equal toMχ̃±

1
) andMχ̃0

1
. Second, there’s another, denoted

S2 signal, where sleptons have masses much larger thanMtildeχ0
2
= Mχ̃±

1
. Again, we use a fast sim-

ulation of the response of the ATLAS detector. And we apply some selection cuts to optimize the
signal to noise ratio. We keep the events with three hard and isolated electron or muon that has a
pT > 20,10,10 GeV. These events must have a missing transverse energy larger than 35 GeV and
a stransverse mass (MT2 [10][11] ) larger than 75 GeV. TheAC background subtraction is applied,
the experimental uncertainties are propagated intoAMeas

C for which experimental template curves
are derived.AMeas

C are converted into estimated sum of masses:Mχ̃±
1
+Mχ̃0

2
with the same treatment

of the experimental and theoretical uncertainties than in section 2.

5



P
o
S
(
D
I
S
2
0
1
5
)
1
7
6

Indirect Mass Measurements from Charge Asymmetry Steve Muanza

3.3 Indirect Determination of Mχ̃±
1
+Mχ̃0

2

Finally, we can establish closure tests displayed in Fig. 4.The mass ranges with high signal
sensitivities are highlighted.
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Figure 4: Closure test for the indirect measurements ofMχ̃±
1
+Mχ̃0

2
for the S1 signal (LHS) and the S2

signal (RHS)

4. Conclusions

We have desigend a new method that enables to extract the massof a final state produced
through charged-current production processes at the LHC. This method is independent of process
the final state kinematics it essentially relies on the charge asymmetry of its initial state tehrefore
on the proton PDFs. This makes this method almost model-independent. This method is especially
well-suited when many final state particles escape detection. The accuracy of its indirect mass
measurements are presented with three different figures of merit in Tab. 2.

- W± S1 Signal S2 Signal
- MW =80.4 GeV 5σ : [200-800] GeV 3σ : [210-270] GeV

δMFit
FS±

MFit
FS±

(%) +1.2 [+3.8,+5.8] [+3.7,+4.4]

MFit
FS±−MTrue

FS±
MTrue

FS±
(%) -0.1 [-2.5,+3.1] [-8.7,+1.0]

MFit
FS±−MTrue

FS±
δMFit

FS±
(σ) -0.1 [-0.7,+0.7] [-2.4,+0.2]

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