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Abstract

We consider a few selected topics on SUSY phenomenology at the LHC. The signatures
of mirage mediation at the LHC is discussed. The 7 polarization effects on SUSY cascade
decay is presented. A new collider observable ‘gluino mry’ is introduced and its physical
property is investigated.

1 Introduction

The Large Hadron Collider (LHC) at CERN will soon explore TeV energy scale, where new
physics beyond the Standard Model (SM) is likely to reveal itself [1, 2]. Among various pro-
posals, weak scale supersymmetry (SUSY) is perhaps the most promising candidates of new
physics beyond the standard model (SM) [3]. It provides a solution for gauge hierarchy problem
and complies with gauge coupling unification. Another nice feature of the SUSY theory with
R-parity conservation is that the lightest supersymmetric particle (LSP) is a natural candidate
for the non-baryonic dark matter (DM) in the universe.

SUSY phenomenology crucially depends on SUSY particle masses and other physical prop-
erties, which might result from spontaneous SUSY breaking in a hidden sector. The SUSY
breaking is communicated to visible sector through some messenger interactions depending
on models. Soft SUSY breaking terms of visible matter fields are then determined such that
different SUSY breaking and mediating mechanism leads to different pattern of masses and
properties of SUSY particles.

Once SUSY signals are discovered through event excess beyond the SM backgrounds in
inclusive search channels, the next step will be the measurements of SUSY particle masses
and other physical properties in various exclusive decay chains. Then it might be possible
to reconstruct SUSY theory, in particular SUSY breaking mechanism from the experimental
information on SUSY particle masses. In this regard, determination of gaugino masses has a
significant implication because predictions of the gaugino masses are rather robust compared
to those on sfermion masses [4].

Here, we consider a few selected topics on SUSY phenomenology at the LHC. In section 2,
we investigate the LHC signatures of the mirage mediation performing a Monte Carlo study for
a benchmark point in the scenario and show that SUSY particle masses can be determined in
a model independent way, providing some valuable information on SUSY breaking sector [5].

In section 3, 7 polarization effects in SUSY cascade decay is investigated [6]. The 7 leptons
emitted in cascade decays of supersymmetric particles are polarized. The polarization may be
exploited to determine spin and mixing properties of the neutralinos and stau particles involved.

Finally, in section 4, we introduce a new observable, ‘gluino mx,’ [7], which is an application
of the Cambridge mr, variable to the process where gluinos are pair produced in proton-proton
collision and each gluino subsequently decays into two quarks and one LSP, i.e. §§ — gqXx] qax’.
We show that the gluino mr, can be utilized to measure the gluino and the lightest neutralino
masses separately, and also the (1st and 2nd generation) squark masses if lighter than the gluino
mass, thereby providing a good first look at the pattern of sparticle masses experimentally.
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2 LHC signatures of Mirage mediation

Kachru et al. (KKLT) has provided a concrete set-up of string compactification, in which
all moduli are fixed and Minkowski (or de Sitter) vacuum is achieved [8]. The KKLT-type
moduli stabilization scenario leads to an interesting pattern of soft SUSY breaking terms, to
which modulus and anomaly contributions are comparable to each other if gravitino mass
mgja ~ 10 TeV [9]. A noticeable feature of the mixed modulus-anomaly mediation (a.k.a
mirage mediation) is that soft masses are unified at a mirage messenger scale [10]

_ ms /2 a2
Mmzr MGUT (MPI> (1)
with o representing the ratio of the anomaly to modulus mediation. The mirage messenger
scale My, is hierarchically lower than Mgyr for a positive & ~ O(1). Such a low (mirage)
unification scale for soft masses leads to a SUSY mass spectrum which is quite distinctive
from those in other SUSY breaking scenarios such as mSUGRA, gauge mediation and anomaly
mediation. Some phenomenological aspects of the mirage mediation have been investigated by
several authors [11, 12].

If the weak scale SUSY is realized in nature, SUSY particles would be produced copiously at
the LHC [13, 14], which is scheduled to start in 2008. Gluinos and squarks, which are directly
produced from the proton-proton collision, will decay to the LSP and SM particles in the end,
with non-colored SUSY particles as intermediate states in general. The precise measurement
of the masses of SUSY particles might be possible with reconstruction of the cascade decay
chains [15, 16]. Kinematic edges and thresholds of various invariant mass distributions can
be measured experimentally and then the SUSY particle masses would be determined in a
model independent way. In turn, SUSY breaking mechanism might be reconstructed from the
measured SUSY spectrum and signatures.

2.1 Mirage Mediation

In KKLT-type moduli stabilization scenario, the light modulus T' which determines the SM
gauge couplings is stabilized by non-perturbative effects and the SUSY-breaking source is se-
questered from the visible sector. The non-perturbative stabilization of T' by modulus super-
potential results in a suppression of the modulus F' component:

F_T ~ mg/2 (2)
T ln(Mpl/m3/2)’

which is comparable to anomaly mediated soft mass of O(mj/, /4n?) for mg /2 near the TeV
scale. The soft terms of visible fields are then determined by the modulus mediation and the
anomaly mediation if the SUSY breaking brane is sequestered from the visible sector. The soft
terms of canonically normalized visible fields are given by

1 1 1
Loty = —5MaA*A* — Em?1¢i|2 - EAijkyijk¢i¢j¢k +h.c,, (3)

where A% are gauginos, ¢; are the scalar component of visible matter superfields ; and y;; are
the canonically normalized Yukawa couplings. For FT/T ~ mj/,/4n?, the soft parameters at
energy scale just below Mgy are determined by the modulus-mediated and anomaly-mediated
contributions which are comparable to each other. One then finds the boundary values of
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gaugino masses, trilinear couplings and sfermion masses at Mgyt are given by

M, = Mo[1+ 2/ Te)y ga),

1672 .
Age = Mo[(ai+a;+a) - yLMlIZ—/Z%—/Z)(% +% + ),
m = Mia- m(Ml_fg?/TTsz?_)gia_ (ﬂﬂ%{gﬂ) 2], (4)
where « represents the anomaly to modulus mediation ratio:
o= m3/2 , (5)
My In(Mpy/ms)2)

with M, the pure modulus mediated gaugino mass, while a; and ¢; parameterize the pattern
of the pure modulus mediated soft masses. The one-loop beta function coefficient b,, the
anomalous dimension «; and its derivative +; and 6; are defined by

be = —3tr T2(Adj) +> tr TX(¢:) ,

1
Y% o= 2ZgZC§(¢i)—§Z|yﬁklz,
a ik

dry;

S 9 i

71 87T dlnl_l,,

61' = 429200 Z ly'uk| a; + a; + ak) . (6)

where the quadratic Casimir C%(¢;) = (N? —1)/2N for a fundamental representation ¢; of the
gauge group SU(N), C(¢;) = ¢? for the U(1) charge g; of ¢;, and w;; = Yy YirYjy, is assumed
to be diagonal. In this prescription, generic mirage mediation is parameterized by

a, My, a;, c;, tan B, | (7)

where tang is the ratio of the vacuum expectation values of the two neutral Higgs fields.

An interesting feature called mirage mediation arises from the soft masses of Eq. (4) at
Mgyr, due to the correlation between the anomaly mediation and the RG evolution of soft
parameters. The low energy gaugino masses are given by [10]

' 1 Mo ga(p) |
M,(u) = My | 1 — ==b,92(p) 1 | = =22 M,, 8
(N) . 0 [1 87T2b ga(lj’) n ( L ) ] gg(Mmir) 0 ( )
implying that the gaugino masses are unified at My,;,, while the gauge couplings are unified at

MGUT If the yy;x is small or a; + a; + ax = ¢; + ¢; + ¢ = 1, the low energy values of A;x and
m? are given by [10]

Al = Mo -+a5-+ 0+ ool + )+ (22,
“T #Y" (Z Cﬂ’j) (1) (MZUT)

+ 4%2 {%-(ﬂ) ;Cf;léﬂ) In (M:) } In (A"Z’L") } , (9)

m; (u)

NI | -El ectronic Library Service



Sor yushi ron Kenkyu

—A80— o & #® &

where Y; is the U(1)y charge of ¢;. Therefore, the first- and second-generation sfermion masses
are also unified at the M,,;. scale if the modulus-mediated squark and slepton masses have a
common value, i.e. ¢; = ¢; (= cum)- ‘

Phenomenology of mirage mediation is quite sensitive to the anomaly to modulus mediation
ratio a as well as the parameters a; and ¢; {10, 11, 12]. When « increases from zero to a positive
value of order unity, the nature of the neutralino LSP is changed from bino-like to Higgsino-like
via a bino-Higgsino mixing region. This feature can be understood from the dependence of
the gaugino masses on a. The gluino mass M; decreases as o increases, while the bino mass
M, increases. Smaller M3 then leads to smaller |m% | and Higgsino mass parameter |u| at the
weak scale through smaller stop mass square. While the gaugino masses are not sensitive to a;
and ¢;, the low energy squark, slepton and Higgs masses depend on those parameters through
their boundary values at Mgyr and their RG evolutions and the mass mixing induced by the
low energy A parameters.

For the original KKLT compactification of type IIB string theory [8], one finds that a =
1, a; = ¢, = 1 — n;, where n; are modular weights of the visible sector matter fields depending
on the origin of the matter fields. The corresponding mirage messenger scale for o = 1 is given
by Mpir ~ 3 x 10° GeV. Such an intermediate (mirage) unification scale which is hierarchi-
cally smaller than Mgyr, leads to quite a degenerated sparticle mass spectrum at EW scale,
compared to that for mSUGRA-type pure modulus mediation (o = 0). Here, we will consider
the intermediate scale mirage mediation (o = 1) as a benchmark scenario for a detailed Monte
Carlo study of LHC phenomenology.

2.2 Collider signatures
2.2.1 A benchmark point

We perform a Monte Carlo study for LHC signatures of mirage mediation with the following
model parameters;

a=1, My=500 GeV, ap = cyy = 1/2, agg = cg = 0, tanB = 10, (10)

where c)s is a common parameter which parameterize the pattern of the pure modulus mediated
masses for squarks and sleptons and cy for soft Higgses. This choice of model parameters is
denoted as a blue dot on the (&, M) plane of Fig.1, which was taken from the figure 12 (c)
in ref.[12]. In the Fig.1, the magenta stripe corresponds to the parameter region giving a
thermal relic density consistent with the recent WMAP observation [17), i.e. 0.085 < Qparh? <
0.119. The benchmark point is also consistent with constraints on particle spectra and b — sy
branching ratio. '

The SUSY particle mass spectrum at the electroweak(EW) scale was computed by solving
the RG equations with the model parameter set (10). For the gluino and the first two generation
squark masses, we find

mg = 884.4 GeV, my, ;) =T776.0 (771.9) GeV, mg, ;) = 733.5 (741.8) GeV, (11)
while the masses of the third generation squarks are
My, , = 703.9 (734.6) GeV, Miy 0y = 545.3 (782.0) GeV (12)
On the other hand, the slepton and sneutrino masses are

Mgy, = 382.0 (431.5) GeV, my,, = 378.9 (435.4) GeV, m;, = 424.1 GeV. (13)
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Figure 1: Parameter space (o, My) with ag = cg = 0, ayy = ¢y = 1/2 and tanf =
The blue point corresponds to our benchmark point, which satisfy relic density bound of WMAP
observation and is consistent with other experimental constraints on particle masses and b — s
branching ratio.

For the neutralino and chargino masses, we have

M 0y = {355.1, 416.1, 478.7, 535.6} GeV, Mgz, = {408.2, 533.5} GeV, - (14)
which correspond to the following bino,wiﬁo and Higgsino masses at electroweak scale,
M, =367 GeV, M, =461 GeV, p =475 GeV (for tanB = 10). (15)
Finally, Higgs masses are given by
my, = 115 GeV, my = 528.6 GeV,my = 528.3 GeV, my= = 534.4 GeV. (16)

Fig. 2(a) shows the mass spectrum for the benchmark point. For comparison, we also
show the spectrum of a mSUGRA point, which gives the same mass of neutralino LSP as the
benchmark point, in Fig.2(b). One can notice that the spectrum of the benchmark point is
quite degenerated, compared to the mSUGRA point.

With these mass parameters for the benchmark point, the neutralino LSP turns out to be
bino-like, but with non-negligible wino and Higgsino components. Neutralino pair annihilation
into a gauge boson pair (ZZ or W+W™) is then efficient so that thermal relic density of the
neutralino LSP satisfies WMAP bound though the LSP is rather heavy (mgo ~ 355 GeV).

For the benchmark point, the ratio of gaugino masses at EW scale is glven by My : M, :
M; = 367 : 461 : 850 ~ 1 : 1.26 : 2.32, which is quite degenerated comparing to the typical ratio
M, : My : Mz ~1:2:6 for mSUGRA-like scenarios in which gaugino masses are unified at the
GUT scale. For the benchmark point, the mass ratio of the gluino to the lightest neutralino is
given by mg; /m 0 ~ 2.5, which is different from the typical mSUGRA predictions m; /m-o >6
and therefore 1mp11es that the gaugino masses are NOT unified at the GUT scale. In the next
subsection, we will see the mass ratio mz/mg 0 can be measured experimentally so that we can
get some information on SUSY breaking sector
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Figure 2: The mass spectrum for (a) the benchmark point in mirage mediation and (b) a
mSUGRA point. Both cases give the same mass for the lightest neutralino.

2.2.2 Monte Carlo Events

A Monte Carlo event sample of the SUSY signals for proton-proton collision at an energy of
14 TeV has been generated by PYTHIA 6.4 [18]. The event sample corresponds to 30 fb~! of
integrated luminosity, which is expected with the 3 year running of the LHC at low luminosity.
We have also generated SM background events i.e., tf events equivalent to 30 fb~* of integrated
luminosity and also W/Z +jet, WW/W Z/Z Z and QCD events, with less equivalent luminosity,
in five logarithmic pr bins for 50 GeV < pr < 4000 GeV. The generated events have been
further processed with a modified version of the fast detector simulation program PGS (Pretty
Good Simulation)[19], which approximate an ATLAS- or CMS-like detector with reasonable
efficiencies and fake rates.

The total production cross section for SUSY events at the LHC is ~6.1 pb for the benchmark
point, corresponding to ~ 1.8 x 10° events with 30 fb~! luminosity. Squarks and gluinos are
expected to be copiously produced at the LHC, if mg, mz < 1 TeV. With the masses of gluino
and squarks in the Eq. (11), the production cross sections for the §g, g4, and g pairs are about
0.3 pb, 2.7 pb and 2.0 pb, respectively, such that the gluino-squark pair production and the
squark pair production dominate.

The produced squarks and gluinos decay generally in multistep. In the recent past, the
following cascade decay chain of squark has been exploited in detail [15, 16];

dr — %3q — IE 1Fqg — 130T g, (17)

especially in mSUGRA framework. It has been shown that it would be possible to reconstruct
both upper edges for the [T1~, ITlq, and I*q mass distribution and a lower edge for the [*17¢
mass coming from backwards decays of the X3 in the g, rest frame. Those edge values of the
mass distributions are given by the following analytic formulae, in terms of the particle masses
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involved in the decay chain;

Mma.:c - X3

2 _m2 \(m2 —m2,)]1Y2
(mig = i) mﬂ)} , (18)
m=
L lp
(2 2 2 2 \11/2
mae _ | Mz~ Msg) (Mg — mie) (19)
g = me J
| X3
1/2
(m3, —mZ)(my —m2 )
Mo(high) = |2 X*_ % Ia'| (20)
Mg
( min\2 __ 1 2 4 3 2 2 2 4 4
ug ) = 4_—m20mlz[ Mgy + 3mggmigmi,, — migmi, — migmy,
R
—_ 'I’T?n()?'n-o’l’l’b2 mzoml m +3m~omlnm2 »m%émgz‘ (21)
2 2 2 2 4 2 2 4
+ g— qL \/(m-o -f-m~ m22+miR)2+2m29mZR(mig_Gmigmi3+mia)]'

We can also measure the upper edge of the distribution of the smaller of the two possible lg
masses formed by combining two leptons with a quark jet [20];

- - /2
(m3, — m%o)(m§ —m2,) ! :
M7 (low) = s X1 for 2mZ,, — (m3o +m) < 0.
L X1 J :
<1/2
[(m3, —mi)(my —mZ,)
= m2 = for 2m3, — (m +mi) >0.  (22)
L x3 -

From the kinematic edge measurements, the SUSY particle masses might be then determined
without relying on a model. For the benchmark point, we can notice that msg > Mg,. There-
fore, the cascade decay chain (17) is indeed open so that the Well—establ1shed method of the-
kinematic edge measurements can be applied to our case.

To reduce the SM background to a negligible level, we apply the following event selection
cuts;

(1) At least three jets with Pr; > 200 GeV and Pry3 > 50 GeV.

(2) Missing transverse energy, Emiss > 200 GeV.

( ) Emzss/Meff > 0.2, where Mef_f = Pr1+ Pro+ Prs+ Pry + Emzss + Zleptons Pr,

(4) At least two 1solated leptons of opposite charge, with Pr > 10 GeV and |7| < 2.5.

(5) Transverse sphericity Sy > 0.1.

(6) No b-jets.

Following the analysis in Ref.[15], we have then calculated various invariant mass distribu-
tions for the benchmark point. The dilepton invariant mass distribution is shown in the Fig.
3. Here, the ete™ + utu~ — e*u¥ combination was used in order to cancel contributions for
two independent decays and reduce combinatorial background. The SM backgrounds which
denoted as blue histogram on the plot, are negligible with the above event selection cuts, as
expected from previous studies [13, 15]. We find a clear end point in the dilepton mass dis-
tribution. A Gaussian-smeared triangular fit to the distribution gives M*** = 60.61 % 0.13
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Figure 3: Dilepton (ete™ +utu~ —e*uT) invariant mass distributions for the benchmark point.
Blue histogram corresponds to SM background.

GeV, which is ~ 0.3% lower than the calculated value of Mj*** = 60.8 GeV for the decays
X9 — Igl* — 011~ |

The dilepton plus jet invariant mass Mj;, has been also calculated by combining the dilepton
with one of the two hardest Pr jets. The two hardest jets are expected to come from squark
decays § — Xg as dominant production processes result in a pair of squark . The distribution’
for the smaller of the two possible llg masses is shown in Fig. 4(a). The upper edge value
of the IT1~q masses is given by MJ[:*® = 341.5 + 3.6 GeV, which is obtained from a Gaussian
smeared fit plus a linear background. The fitted value is consistent with the calculated value
of M = 341.4 GeV for the decays ¢ — X3¢ — E1Fq — {1+~ q (with mg, = 776 GeV).

Now, we further require that one Mj, should be less than 350 GeV and the other greater.
Two l*g masses are then calculated using the combination of [*]~¢ with the smaller My, (<
350 GeV). Fig. 4(b) shows the mass distribution of the larger of the two [¥q system. A fit
to the mass distribution near the end point is also shown, which yield an upper edge value
M;j7e®(high) = 258.6 +-4.8 GeV, which is consistent with the calculated value of Mppes(high) =
259.7 GeV.

The mass distribution of the smaller of the two M, is shown in Fig. 4(c). The upper edge
value of the distribution from a linear fit is given by M[**(low) = 227.6 + 3.3 GeV, which is -
consistent with the calculated value of M7%*(low) = 226.5 GeV.

The lower edge for I*1~q mass can be reconstructed from the larger of the two possible I*1~¢q
masses, with additional requirement M;**/ V2 < My < M@=, The resulting distribution is
shown in Fig. 4(d). A fit to the distribution gives Mjjy™ = 145.3 +2.8 GeV, which is consistent
with the generated value Mji™ = 145.4 GeV.

From the above five edge measurements for the g, cascade decays (17), we can determine
the masses of 4z, I, X3 and X? using the egs. (18-22).

With given masses of ¥} and %3, we can get information for gluino and squark masses from
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Figure 4: Distributions for (a) the smaller of the two Myq, (b) the larger of two My, (c) the
“smaller of the two My,, and (d) the larger of the two My, with My > Mpes /\/2,

the following gluino decay into right-handed squark plus quark;

§ — drg — X199- (23)

The maximal value of the two jet invariant mass for the gluino decays (23) is given by

2 2 2 2 \11/2
(mg ~ mﬁa)(;nda — M3o) _ (24)

dr

Mmez
qq m

At the LHC, gluino would be produced mainly from gg or §g pair production. In order to
obtain event sample for the gluino decay (23), the following event selection cuts are imposed;

(1) At least 3 jets with Pr; > 200 GeV, Pr; > 150 GeV and Pr; > 100 GeV.

(2) Emiss > 350 GeV and EF**/Ms; > 0.25.

(3) Transverse sphericity Sy > 0.15.

(4) No b-jets and No leptons.

In the selection cuts, we required rather hard Prz > 100 GeV in order to reduce ¢§ pro-
duction events. After the selection cuts, we calculate dijet invariant mass M,, using the three
hardest jets. The smallest M,, among the three possible combinations is then shown in Fig. 5
(a). The M,, distribution is fitted near end point by a Gaussian smeared linear function with
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Figure 5: Dijet invariant mass distribution (a) without dilepton and (b) with dilepton.

a linear background. The resulting edge value is given by Mg*® = 431.1 £ 32.1 GeV, which is
consistent with the calculated one M77** = 432.4 GeV (with mg, = 733.5 GeV).

Additional information on mj and mg, might be provided by the following cascade decay
of gluino, :

g — Grq — X299 (— X3Uqq), (25)
for which the upper edge value of the two jet invariant mass distribution is given by

1/2
(msgl B ng)(ng B mfzg)

M= (il) = (26)

2
Mg

In the gluino cascade decay (25), we consider the right-handed squark decay into %J rather than
X3, where the X3 further undergoes the dileptonic decay. In the benchmark point, branching
ratio BR(Gr — X2q) = 11% is comparable to BR(Gr — X3g) = 18.5%. This is because the
gaugino masses are quite degenerated (i.e. My/M; ~ 1.26) at EW scale so that %3 has sizable
bino-component in the benchmark point, which is in contrast to the typical mSUGRA case
where %3 is almost wino-like and therefore BR(Gr — X3q) is negligible. Furthermore, the
gluino branching ratio of BR(§ — §rg) =~ 19% is larger than BR(§ — drq) ~ 11.2% for
q=u,d so that the decay chain of § — grg — X3qg is comparable to that of § — drg — X3qq.
Considering the squark masses that mgz, < mg,, the upper edge value of two jet invariant mass
for X9gq events is essentially determined by the Eq. (26), which involves mg,, rather than my, .

In order to select events which include decay chain (25), we require

(1) At least 3 jets with Pp; > 200 GeV and Pry3 > 50 GeV

(2) Exiss > 200 GeV and Mss/EFies > 0.2

(3) At least two isolated leptons with opposite charge

(4) My, < 61 GeV and the smallest Myg < 350 GeV

(5) Transverse sphericity Sr > 0.1

(6) No b-jets
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After the selection cut, dijet invariant mass was calculated using the jet, which gives the
smallest My, with third and fourth (if any) energetic jets. The smaller of the two possible
dijet mass is then shown in Fig. 5 (b). A fit to the distribution gives M7**(ll) = 405.7 + 8.6
GeV, which is consistent with the calculated value of M72%*(1l) = 406.9 GeV (with mg, = 733.5
GeV).

The upper edge measurements of two dijet invariant masses provide lower limits on the
gluino and squark masses and a strong correlation between mz and myg,, but without constraint
on the upper limit on the masses. In order to further constrain the right-handed squark mass,
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Figure 6: (a) The My, distribution with the input value of m, = 350 GeV as an ezample. (b)
A relation between mg, and Mse from the Mpo analysis.

we consider squark pair production and their subsequent decay into two quarks plus two LSPs;

GirG2R — Q1X02X1 (27)

" and construct another variable My, [21], which is defined by

M=  min _ [max{mi(p$,p¥), m3(pE, p5)}] (28)
P11 +PT2=PT

where

mz (%, k¥) = mg + m}, + 2(EFE¥ - pf - k§), (29)

B} = \/IohP +m3, B¥ = /it + . (30)

Here, p%# and p? denote the transverse momentum of quark-jets from the squark decays and
p7*® is the observed missing transverse momentum and m, is an estimate of the lightest
neutralino mass. The My, distribution has an endpoint at the squark mass m;, when the
input m, is equal to the correct myo value. In general we obtain a relation between mg, and
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In order to have event sample for the squark pair production and their subsequent decay
(27), the following event selection cuts are required;
(1) At least two jets with Pp; > 300 GeV, Pry > 50 GeV
(2) EF*** > 200 GeV, M,s;/Emiss > 0.3
(3) Transverse sphericity Sy > 0.15
(4) No leptons, no b-jets.
Fig. 6(a) shows an example of Mr, distribution with an input value of m, = 350 GeV.
From a fit to the distribution, we obtain mz, = 749 + 12 GeV for the example. A general
relation between mg, and mye from the Mr, analysis is shown in Fig. 6(b). -

= X/ndl 2862 / 1
c E Comatont w78
60 [ 400
- 300 F
40 | :
- 200 [
20 3 100 —
O C 1 E ] A
0 55
100 - 100
t .
50 | 50 r
C | [: 1 I
o Livulin, o bl
22 24 300 400 500 600
mg-mo
150 E Lermart 52 r e ™% s
£ Meon 3934 150 veon 536.1
L Sigma 15.92 - Sigmo 14.67
100 | 100 F
50 | £
: 50
P B PR B VRN SO S ! fo g by Loy
300 400 500 400 600 700
e (GeV)
Figure 7: Probability distribution of (a) mye, (b) msg — mse, (c) my, — M9, (4) mg, —mso,
(¢) mgr — mso and (f) mz — mys.
Now we can determine six SUSY particle masses, myo, mso, m; o Mgy, Mg and mg,, from the

various kinematic distributions we considered so far. In order to scan possible values of SUSY
particle masses, random numbers for my 9, M., Mg, Mgs, and m; were generated within some
ranges around their nominal values, Whlle mse values were calculated with the measured MjPe®
value. The chi-square from the various klnematlc observables with their errors was calculated
to determine the probab111ty for each set of masses. Fig. 7 shows the probability distribution
of (a) Mg, (b) Mg — mga, (c) my, —mep (d) Mg, — mga, () Mgy — myg and (£) my — mae,
respectlvely. Whlle the X9 mass is determined as

Mg = 356152 GeV, | (31)
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the differences between sparticle masses are rather well constrained,

mge —mge = 60.84£0.1 GeV,Zm;R —mgo =27.0+ 0.6 GeV, m;, — mgo = 436 £ 22 GeV,
Mgr —Mge = 39316 GeV, my — myo = 536 + 15 GeV, (32)
respectively. The central values for the estimated masses are consistent with the generated
ones. And the range for the mass ratio between gluino and the lightest neutralino is given by

19 < 4

< 3.1 (reduced x* < 1), (33)

2

which is quite distinctive from the typical predictions i.e., Mg/Mmge > 6 of the other SUSY
scenarios in which gaugino masses are unified at GUT scale.
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Figure 8: Probability distribution of (a) o, (b) My, (c) cu, and (d) cy.

So far we have considered ‘model-independent’ measurements of SUSY particle masses.
We can also determine the model parameters of mirage mediation scenario from the kinematic
endpoint measurements. As mentioned in section 2.1, generic mirage mediation is parameterized
by My, o, a;, c; and tanf. Here, we assume that visible sfermion fields have a universal parameter
cum(= anr) while the corresponding parameter for Higgs fields is given by ¢y (= ag). The model
is then described by five parameters Mo, @, car, cy and tan8. From the Eq. (8) and (9) we can
see that the gaugino and the first generation sfermion masses at low energy scale are essentially
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determined by My, and cp. Therefore, we can determine the model parameters My, o and
cy from the measured my, mz and m;,. With given values of Mo, o and cu, the parameters
cy and tanf might be obtained from the measured mso and mgg. We have scanned five model
parameters in certain ranges and calculated the x? from the calculated and measured kinematic
edge values, in order to constraint the model parameters. Fig. 8 shows probability distributions
for o, My,cps and cy, resulting in the following values of the parameters:

a=0.98=+0.03, My=492=+22 GeV, cy =0.48+0.01, cyg = 0.02 + 0.05. (34)

The model parameters are determined quite accurately, except tan whose value is not so well
constrained because neutralino masses depend on it rather mildly. The resulting central values
of the parameters well agree with the input values of Eq (10).

3 Tau polarization in SUSY cascade decay

Much attention has been paid in the recent past to the SPSla cascade [22]
§ - a% — ol - i (35)

which gives rise to a well-populated ensemble of neutralinos and R-type sleptons with ratios
of 30%, 10% and 100% in the first, second and third branching, respectively. Analyzing the
visible ¢¢¢ final state in various combinations of leptons and quark jet, the cascade has served
to study the precision with which the masses of supersymmetric particles can be measured at
LHC, for a summary see Ref. [16]. In addition, invariant mass distributions have been shown
sensitive to the spin of the particles involved [23, 24, 25, 26], shedding light on the very nature
of the new particles observed in the cascade and on the underlying physics scenario.

‘So far, cascades have primarily been studied involving first and second generation lep-
tons/sleptons. Here, we explore how the polarization of 7 leptons can be exploited to study .
R/L chirality and mixing effects in both the 7 and the neutralino sectors.? As expected, it
turns out that measuring the correlation of the 7 polarizations prov1des an excellent instrument
to analyze these effects.

As polarization analyzer we will use single pion decays of the 7’s. ‘At high energies the mass
of the 7 leptons can be neglected and the fragmentation functions are linear in the fraction z
of the energy transferred from the polarized 7’s to the 7’s [28]:

(rR)E = Wat . Fp = 22 (36)

(11)* — 1/.,) % . Fp = 2(1-2) (37)

In the relativistic limit, helicity and chirality are of equal and opposite sign for 7~ leptons
and 71 anti-leptons, respectively. For notational convenience we characterize the 7 states by
chirality.

Pion distributions, summed over near and far part1cles are predicted by folding the original
single 7 and double 77 distributions, dT's /dm2, and dl'g,/dm?,_, with the single and double
fragmentation functions Fj and Fj3,, where the indices (3,7 denote the chirality indices R/L of
the 7 leptons. Based on standard techniques, the following relations can easily be derived for

[gq7] and [77] distributions:

2 2 :

dl 1 dmg dlg P uriat 28

dm2.  Joz m2 dm2 B\ m2 (38)
. mq” mZ, Mg, qu qu

%For a discussion of polarization effects in single 7 decays see Ref.[27].
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dr L dm?_ dlg, m2
el b b o (39)

The single 73 — 7 fragmentation function, c¢f. Egs.(36) and (37) with z = m2 /m2_ can be
summarized as, with 8 = & for R/L chirality,

Fs(z) =1+ 8(2z~1) | (40)

while the double 747, — 77 fragmentation functions, with z = m2_/m2_, are given by

Frp(z) = 4z log% (41)
Fri(z) = Frp(z) = 4 [l —z—zlog —i-] (42)
Fu(z) = 4 [(1 +2) log % + 22— 2] (43)

All distributions, normalized to unity, are finite except Fr; which is logarithmically divergent
for z — 0.

(a) [t7] distributionn (b) [n7) distribution
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Figure 9: The “normalized” invariant mass distributions of (a) 77 and (b) #m pairings in the
X3 decays of the cascade (35). The indices denote the chiralities of the near and far tau leptons.

The great potential of polarization measurements for determining spin and mixing phenom-
ena is demonstrated in Figs. 9(a/b), displaying the invariant mass distribution of (a) 77 and
(b) 77 pairings in the %3 decays of the cascade (35). While the lepton-lepton invariant mass
does not depend on the chirality indices of the near and far tau leptons 7, and 7, the shape of
the pion distribution depends strongly on the indices, as expected. This is also reflected in the
expectation values of the invariant masses:

4/18 288/675 for RR ‘
(m2) ={ 2/18 and  (mg.) = ¢ 192/675 for RL/LR (44)
1/18 128/675 for LL
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which are distinctly different for the pion final states. Due to the scalar stau intermediate state,
the 77 and 77 distributions do not depend on the polarization state of the parent X3 state,
contrary to the g7 and gz distributions in the chain.

Cutting out small transverse pion momenta in actual experiments will modify the distribu-
tions of the 77 invariant mass, and the distributions are shifted to larger m,, values. For R
chiralities of the 7’s, with hard 7 — 7 fragmentation, the shift is smaller than for L chiralities
with soft fragmentation.

4 T I T [ T I T l T 4 T ' T I T I T ’ T 4 L I 1 I 1 ‘ ¥ ] i
3 -1 3 -1 3 -
- . = . = SUsY
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Figure 10: The “normalized” distributions in supersymmetry and UELD' for the particle spectrum
corresponding to the SUSY scenario SPS1a; the distributions [17], [q7T] and [q7~] in the upper
frames and the distributions [n7|, [gnt] and [gn~] in the lower frames.

The sensitivity of various distributions [77], [¢7], [¢7~] and [77], [g7T], [¢7~] in the cascade
(35) starting with a left-handed squark ¢y, is studied in the tableau of Fig. 10. The distributions
are compared for the SUSY chain in SPS1a, in which the probability for 7 in 7 is close to
90%, with a spin chain (UED') characteristic for universal extra-dimension models [31, 32]:

a — 9Zy — glly — qllym (45)

To focus on the spin aspects,® the same mass spectrum is chosen in the UED' as in the SUSY
chain: mg, = mg = 570.6 GeV, my = mz = 176.4 GeV, ms = = 134.1 GeV and
Mso = My, = 98.6 GeV. The [r7] dlstrlbutlon is linear ~ m,, in supersymmetry It deviates
shghtly from the linear dependence in the 77 invariant mass in UED' where in the limit of
degenerate KK masses the distribution reads ~ m,,[1 — tm?2 ]. The kinks in the invariant
mass distributions [g7] and [g7] signal the transition from near to far 7’s and 7's as the main

3For this purpose we deliberately ignore the naturally expected mass pattern in models of universal extra
dimensions.
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components of the events. Again, the best discriminant is the [7] distribution. This reflects
the R-dominated character of 7 as opposed to the L current coupled to the Kaluza-Klein state

Z1 ad W3 [32]

Experimental analyses of T particles are a difficult task at LHC. Isolation criteria of hadron
and lepton tracks must be met which reduce the efficiencies strongly for small transverse mo-
menta. Stringent transverse momentum cuts increase the efficiencies but reduce the primary
event number and erase the difference between R and L distributions. On the other hand, fairly
small transverse momentum cuts reduce the efficiencies but do not reduce the primary event
number and the R/L sensitivity of the distributions. Optimization procedures in this context
are far beyond the scope of this theoretical note. Experimental details may be studied in the

recent reports[33, 2] in which the analysis of di-7 final states is presented for supersymmetry

cascades of type (1) at LHC.

In Fig. 11(a) it is shown how a cut of 15 GeV on the pion transverse momenta modifies the
SUSY and UED’ distributions of the 77 invariant mass. Given the specific SPS1a mass differ-
ences, the SUSY LR-dominated distribution is mildly affected while the UED’ LL-dominated
distribution is shifted more strongly. The different size of the shifts can be traced back to the
different shapes of the R and L fragmentation functions. Since L fragmentation is soft, more
events with low transverse momentum are removed by the cut and the shift is correspondingly
larger than for hard R fragmentation. Apparently, the transverse momentum cut does not erase

the distinctive difference between the LR and LL distributions.
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Figure 11: (a) The SUSY and UED distributions of the ©m invariant mass with a cut of 15
GeV on the pion transverse momenta; and (b) the dependence of the ezpectation value (Myy)
on the stau mizing angle 0z [in units of w] for the SPS1a values of tan 3, My o, i and the lighter

stau mass ms, [without (red) and with (blue) 7 transverse momentum cut]. The (red) dot on
the solid line denotes the value of (Mx.r) at the SPS1a point. The (red) dotted line represents

the average values of (Mqr) if )'(‘1”2 are unmized pure bino-like and wino-like states, respectively.

Finally we study the dependence of the [77] distribution on the stau mixing angle 5, setting
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all other parameters to their SPS1a values:

T = COS@;—%L%-SinG;-’f'R v (46)
Ty = —sinb; 71 + cos bz Tp (47)

The predictions for the [7n] invariant-mass expectation value are shown in Fig.11(b). The
effect of a 15 GeV cut on the transverse momenta of the pions is included for comparison. The
stau mixing angle of the SPSla point, 6; ~ 0.4, is indicated by the red dot in the figure,

- representing a state 7; with 90% 7z and 10% 7 components. The large sensitivity of the [77]
invariant mass to the mixing angle can be traced back to the fact that the neutralino ¥J is
nearly wino-like (N = —0.94). For 6; = +n/2 the R state 7; = 7g, couples to X3 only
through its small higgsino and U(1) gaugino components (i.e. h,Naz = 0.04 and Ny; = —0.11).
However, once the mixing angle deviates slightly from /2 the “near” tau lepton 7, coupling
quickly becomes L-dominated. The cut on the pion transverse momenta modifies the m,,
distribution, moderately for R chirality and strongly for L chirality. Nevertheless, for each
chirality combination the shift is predicted completely in terms of the squark, )2‘1’,2 and 7
masses, and the shapes of the R/L fragmentation functions, so that it is under proper control.
In particular, the relatively large increase of the average (m,) near 8; = 0 compared with +m/2
follows from the large effect of the transverse momentum cut due to the soft L fragmentation,
cf. Fig.11(b).

The analysis of T polarization in cascade decays provides valuable information on chirality-
type and mixing of supersymmetric particles. The most exciting effects are predicted for the
invariant mass distributions in the 77 sector generated by the two polarized 7 decays. This is
strikingly different from the lepton-lepton invariant mass distributions in the first two gener-
ations which do not depend on the R and L couplings. It is particularly important to notice
that these polarization effects are independent of the couplings in the squark/quark sector and
also of the polarization state of the parent X3 generating the final 77%? state.

4 Gluino mypy

We introduce a new observable, ‘gluino stransverse mass’, which is an application of mps
variable [21] to the process where gluinos are pair produced in proton-proton collision and each
gluino subsequently decays into two quarks and one LSP,

pp — 33 — 99%5 995" (48)

We show that the gluino stransverse mass can be utilized to measure the gluino and the lightest
neutralino masses separately, and also the (1st and 2nd generation) squark masses if lighter
than the gluino mass, thereby providing a good first look at the pattern of sparticle masses
experimentally.

If light enough, gluinos would be pair produced copiously in proton-proton collision (pp —
37), and each gluino decays into two quarks and one LSP (§ — ggx?) through three-body decay
induced by an exchange of off-shell squark or two body cascade decay with intermedate on-shell
squark. For each gluino decay § — ggx?J, a transverse mass is constructed, which is defined as

m%‘(mqua My, pgg: p?l(") = mqu + m)zc
+2(E7'E¥ — p7 - PF), (49)

where mg,r and pJ are the transverse invariant mass and transverse momentum of the qq
system respectively, while m, and p% are the assumed mass and transverse momentum of the
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LSP, respectively. The transverse energies of the gq system and of the LSP are defined by

E¥ = ./[p¥]P + ml; and Ef = ./[pF +m2, | (50)

respectively. With two sets of such a gluino decay in an event, the gluino stransverse mass
myp2(g) is defined by

~ . 201) . 2(2
M@= min [max{my?,mi?}], (51)
pr +Pr  =PF'® :
where the minimization is performed over all possible sphttmgs of the observed missing trans-
verse energy p**¢ into two assumed transverse momenta, pT ) and p
By the definition (51) of the gluino stransverse mass, one obtains a relation:

mra(g) < mg for my = my, (52)

i.e., mra(g) is less than or equal to true gluino mass mg, if the trial LSP mass m, is equal to
the true LSP mass mso. Therefore one can determine m; from the endpoint measurement of
mr2(g) distribution:

mEs(my) = max [mrs(3)], (53)
all events

if we already know the true LSP mass. However mso value might be unknown in advance and

then, for a trial m, value which is different from mgo, m#5*(m,) will differ from mz and be

given by a function of the mass m,.

As we will see, mF2*(m, ) has different functional form depending upon whether the 1st and
2nd generation squarks are heavier or lighter than the gluino. Thus, in order to investigate the
my-dependence of mP2*, let us consider two cases separately.

If squark masses are larger than gluino mass, the gluino will undergo three body decay into
two quarks and an invisible LSP through the exchange of off-shell squark:

g — 9ax}. (54)

In order to get an idea how m$&*(m,) are determined for a generic value of the trial LSP mass
my, we consider two extreme momentum configurations and then construct the corresponding
gluino stransverse mass for each of them.

The first momentum configuration considered is that two gluinos are produced at rest and
then each gluino subsequently decays into two quarks which go to the same direction each
other, and one LSP whose direction is opposite to the two quark system. Furthermore, two
sets of gluino decay products are parallel to each other and all of them are on transverse plane
with respect to proton beam direction. In the momentum configuration, we have

1 2
mr(zq)T = (q)T =0 (55)
for massless quarks and the transverse energies and transverse momenta of the qq systems are
given by

E%q (max) = EQ‘Z(l) EQQ(z) (56)

2 _ 02

|p44(1)| — lpqq(2)| — M M

T 2m§ b

in terms of the true gluino mass m; and the true LSP mass myzo. And the total observed missing
transverse momentum is given by |p7***| = 2E¥(maz). The mr,(g) can be obtained as the
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minimum of m$ subject to two constraints m$) = m$ and ppies = pXV + pX? [21]. From

the two constraints, we obtain px X1 = = px X2 = = p7s¢ /2 for the solution of the mg, variable.

Therefore the gluino stransverse mass is given by

mrs(9) = Ef(maz) + /(E¥ (maz))? + m2. (57)

for a generic m,. One can show that the above mr;(§) corresponds to mfs™ for m, < mye:

2 2 2 2\ 2
msz — M3o msz — Moo
g X g X .
mT2 (mx) = 2N -+ ( 2m- 1) +m§
§ (]
for m, < mygo. - (58)

Note that m75*(my = mgo) = m; as anticipated.

Other extreme momentum configuration which would determine m#5*(m,) for m, > my %0
is that gluinos are pair produced at rest and for each gluino decay, two quarks are back to back
each other while LSP is at rest. In addition, all particles are on the transverse plane. In this
case, one easily finds

o _ . @

Mygr(Mmaz) = m, 7 = Megr = Mg — Mge, (59)

and also EFY = E¥® = m_r(maz) because pi¥™ = p¥® = 0. Then m{Y is always equal to

( ) for all possible splitting of the missing transverse momentum; pf*** = 0 = X(l) + pX(z)
The‘ minimum of m$) (= m$¥) occurs when pXV = pX®
mass is given by

= O therefore the glumo stransverse

mra(§) = Megr(maz) + my (60)

for generic value of m,. This in fact corresponds to m#s* for m, > mys :
mrs (my) = mg—mg +my for my >my, (61)

which again gives mPs*(m, = my o) = mg.

By now, it should be clear that mrg* for m, < mge has a different form from mps* for
My > mgo. As required, they should cross at m, = mys. Thus if the function mps*(m,) could
be constructed from experimental data, one would be able to determine the true glumo and LSP
masses separately.

In order to see the experimental feasibility of measuring SUSY particle masses through the

gluino stransverse mass at the LHC, we consider as an example a minimal anomaly mediated
SUSY-breaking (mAMSB) scenario {34] with

mg = 780.3 GeV, mgo = 97.9 GeV

and a few TeV masses for sfermions. We have generated a Monte Carlo sample of SUSY events
for proton-proton collision at 14 TeV by PYTHIA [18] event generator. The event sample
corresponds to 300 fb~! integrated luminosity. We have also generated SM backgrounds such
astt, W/Z+jet, WW/W Z/ZZ and QCD events, with less equivalent luminosity. The generated
events have been further processed with a modified version of fast detector simulation program
PGS [19], which approximate an ATLAS- or CMS-like detector with reasonable efficiencies and
fake rates.

The following event selection cuts are applied to have a clean signal sample for gluino
stransverse mass;
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1. At least 4 jets with Pry 534 > 200, 150, 100,50 GeV
2. Missing transverse energy, EFi* > 250 GeV

3. Transverse sphericity, St > 0.25

4. No b-jets and no leptons

For each event, the four leading jets are used to calculate the gluino stransverse mass. The
four jets are divided in two groups of dijets as follows. The highest momentum jet and the other
jet which has the largest |pje;| AR value with respect to the leading jet are chosen as two ‘seed’
jets for the division. Here, pje; is the jet momentum and AR = /A + AP ie., a separation
in azimuthal angle and pseudorapidity plane. Each of the remaining two jets is associated to a
seed jet, which makes the smallest opening angle. Then, each group of the dijets is considerd
as orginated from the same mother particle (gluino). -

Fig.12 shows the resulting distribution of the gluino stransverse mass for the trial LSP mass
my = 90 GeV. The blue histogram corresponds to SM backgrounds. Fitting with a linear
function with a linear background, we get the endpoint 778.0 & 2.3 GeV. The measured edge
values of mry(g), i.e. mF5™, as a function of m, is shown in Fig.13. Blue and red lines denote
the theoretical curves of (58) and (61), respectively, which have been obtained in this paper
from the consideration of extreme momentum configurations. Fitting the data points to the
curves (58) and (61), we obtain m; = 776.3 & 1.3 GeV and mse = 97.3 £ 1.7 GeV, which are
quite close to the true values, mz = 780.3 GeV and mso = 97.9 GeV. This demonstates that

the gluino stransverse mass can be very useful for measuring the gluino and the LSP masses
experimentally.

00 | X/nat 1534 1 47
Pt T8O+ 234
P2 523 0.208%
1600 [ 3 5305 & 1475
P4 04372 = 0.1424E-01

Events/10GeV/300fb™!
E & 8 ¥

200 400 00 800 1000 1200
Gluino stransverse mass (GeV)

Figure 12: The mro(g) distribution with my = 90 GeV for the benchmark point of mAMSB.
Blue histogram is the SM background.

Let us now consider the case that squark mass m; is smaller than gluino mass mg. In such
case, the following cascade decay is open;

g — q9d — 9q%3. (62)

In this case also, we consider two extreme momentum configurations which are similar to those
considered for three body gluino decay, and construct the corresponding gluino stransverse
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Figure 13: m®e* as a function of the trial LSP mass m, for the benchmark pomt of mAMSB.

masses. Here again, we assume gluinos are pair produced at rest and each gluino decays into a
quark and a squark on the transverse plane with respect to the proton beam direction.

If the quark from squark decay is produced in the same direction to the first quark from
gluino decay and the two sets of gluino decay products are parallel to each other, the transverse
energies and transverse momenta of the gg systems are given by

Ef(mas) = EFY = EFY (63)

2 __
l)l |pQ¢I(2)| _ Mg mX?

Ip7 =

just like Eq.(56) for the case of gluino three body decay, and we have m(l) = mqu for the
transverse invariant masses of the gq systems and |pP**®| = 2E%(maz) for the total observed
missing transverse momentum. Then the same procedure to obtain the gluino stransverse mass
for the first momentum configuration of the gluino three body decay is applied to the current
case. It leads to m%* which is same as Eq.(58):

' 2 _ .2 2 _ .02\ 2
max — mg mi? m‘a mi? 2
Mra (mX) - M= + 2N + mX
g §
for my < mye. (64)

- Now we consider other extreme momentum configuration, in which the quarks from squark
decays are produced in the opposite direction to the first quarks from gluino decays. In this
case, the invariant transverse masses, transverse energies and transverse momenta of two ggq
systems are given by

2 2\ (12 2
21) _2(2) _ (mé_mﬁ)(mé_mi‘l’)
Mygr = Mggr = m2 ’
q
- m2 m= m2-0
g _ pu®@ _ Myp_May, M5 _ X
2 2
1 2 ms mi.  mg 2
P = pF¥ = 10~ ) - -2,
] a

" NI-Electronic Library Service



Sor yushi ron Kenkyu

[ Summer Institute 2007 —A99—
respectively, and the total missing transverse momentum by pFi** = —2 pqqm. The two
constraints, m( ) = mé? ) and pries = pX(l) + pX(Z) for obtaining mz9(g), then lead to p"( ) =
p?ﬁ@) = —p%: (1) Therefore the glumo stransverse mass is expressed by

2(1 '
miale) = w2+ (65)

+ 2(Eg1q(1) /l q4(1)12+m2 +|pqq(1)| )

Again, one can show that this represents m#e* for m,, > mse, yielding

2 2
max mg g m
g = (79(1——§)+—g(1— e ))
9

2
mg M3o
- (—2—9(1———> (-

o —3 (66)

Q
N——
+
3!\7

Note that the two functions (64) and (66) cross at m, = mse for which mF3* = m;.
If one could construct (64) and (66) accurately enough from data, one would be able to
determine all involved sparticle masses, i.e. Mg, Mgo and m;. To see how feasible it is, we

consider a parameter point of mirage mediation model [9, 10], providing the following sparticle
masses;

mg = 821.4 GeV, mg = 694.0 GeV, myso = 344.2 GeV.

We have generated a Monte Carlo sample for this benchmark point of mirage mediation, cor-
responding to 100fb~! integrated luminosity. After event selection cuts similar to the case of
three body gluino decay, we obtain Fig.14 showing the distribution of mry(g) for the trial LSP
mass my = 350 GeV. The edge value m74* as a function of m, is shown in Fig.15. Fitting the
data points to the curves (64) and (66), we obtain my = 799.5+11.1 GeV, m; = 678.2+7.0 GeV
and mgo = 316.7 & 15.4 GeV. Though the overall scale of the fitted values are well close to the
true sparticle masses, the central values are somewhat lower than the true values. It is mainly
due to a mild crossing of two curves, so that a precise determination of the mpy(g) endpoint is
crucial. The situation can be improved if we include information from squark stransverse mass
for the process pp — GG — gx%qx?, providing a relation between the edge value of the squark
stransverse mass and the trial LSP mass:

2
max mg _ m%l) mq — m).C(l) 2
mrs(squark) = ——= 4+ || —— | +m2.

2m; 2m;

Including such information, we get m; = 803.4 & 6.0 GeV and msg = 3224 £ 7.7 GeV for the

benchmark point. The dlscrepancy between the fitted mass values and the true mass values

may still come from various systematic uncertainties such as the effects of event selection cuts.
To conclude, we have introduced the gluino stransverse mass, and shown that it can be used

to determine the gluino and the lightest neutralino masses separately, and also the (Ist and

2nd generation) squark masses if lighter than the gluino mass.
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