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In this paper we study the gauge mediation signal with the ATLAS detector at the CERN Large Hadron
Collider. We focus on the case where next lightest supersymmetric particle is the long-lived lightest neutralino
(}E), which decays predominantly into a photom)(and a gravitino G). A nonpointing photon from the
neutralino decay can be detected with good position and time resolution by the electromagnetic calorimeter
(ECAL), while the photon momentum could be precisely measured if the photon were converted inside the
inner tracking detector before reaching the ECAL. A new technique is developed to determine the masses of
the slepton{) and the neutralino from events with a lepton and a converted nonpointing photon arising from
the cascade decdy— € x9—¢yG. A Monte Carlo simulation at a sample point shows that the masses could
be measured with an error of 3% f@(100) selected y pairs. Once the sparticle masses are determined by
this method, the decay time and momentum of the neutralino are solved using the ECAL data and the lepton
momentum only, for alk y pairs without the photon conversion. We estimate the sensitivity to the neutralino
lifetime for c7=10 cm toO(10) m.
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. INTRODUCTION dominant decay mode igl— yG. The neutralino lifetimé
cris a function off, and the neutralino mass;,?, and may

The minimal supersymmetric standard mo@diSSM) is  be long lived.

a promising candidate for physics beyond the standard The CERN Large Hadron Collidét.HC) is app collider
model. As supersymmetrySUSY) must be spontaneously at a center of mass energy of 14 TeV. The LHC is expected to
broken, the MSSM needs an additional sedtitie hidden start its physics runs in 2007. The initial integrated luminos-
sectoy which breaks the supersymmetry while avoiding theity will be 10 fb™/yr at the beginninglow luminosity rung
flavor-changing neutral current problem. The origin of SUSYand then upgraded to 100 flyr (high luminosity runs
breaking and the mediation to the MSSM sector are therefor8ignatures of the GM model at the LHC are spectacular
the key feature of SUSY models. The hidden sector SUSY6-9]. In the case of the neutralino NLSP, SUSY events
breaking is expressed in terms of the order parameter of theearly always have hard photons, which may not be pointing
SUSY breakingF and the scale of the SUSY breaking me- to the interaction pointnonpointing photons
diation to the MSSM sectdvl. The mass scale of the MSSM  In this paper we propose a new approach to studying the
sparticlesM gysy is then of the order okF/M, where\ is signature of the GM model using th_e ATLAS detector_at the
the coupling of the hidden sector to the MSSM sector. If-HC for the case where the neutralino NLSP predominantly
M~Mp, (the Planck mags Mgysy=1 TeV corresponds to decays into a photon and a gravitino with Ionger than _

F~10'° GeV. This class of mediation is called the super-o(lo) cm. We use two newly developed techniques. One is

gravity (SUGRA) model. On the other hand, the SUSY to_determlng the d|_r<?ct|on c_)f th? gravitino momentum by
breaking mediation mav be due to renormalizable interac SN9 the arrival position, arrival time, and momentum of the
9 Y nonpointing photon, which are measured at the electromag-

tion;, S.UCh as the gauge interaction. This is called the “gaugﬁetic calorimete(ECAL). The precision of the photon mo-
mediation” (GM) model[1,2]. In the GM modelsM andF  1,0tum would be significantly improved if the nonpointing
are arbitrary and we expeM <Mp,. photon were converted into @Y e~ pair in the inner track-

The GM models are described by a few parameters. Thgg detector located inside the ECAL. The other technique is
MSSM gaugino masseM; (i=1,2,3) and slepton masses the “mass relation method,” a mass reconstruction technique
are of the order o&;F/M in the simplest GM model, where \hich does not rely on the conventional end point measure-
«a; denotes each gauge coupling constant. On the other hanghent[10]. In this method we use the fact that each event
the gravitino massng is proportional toF,/Mp;whereFyis  from the same cascade decay satisfies mass shell conditions
the order of the SUSY breaking of the total systefy ( of intermediate particles. These techniques are described in
>F) [3,4]. Sec. Il and a simulation is carried out in Sec. Ill. A fast

BecauseM <Mp,, the lightest SUSY particle is the grav- Monte Carlo simulation shows that, using the new tech-
itino (G) in the GM models. The next lightest SUSY particle
(NLSP) is a particle in the MSSM sector which decays into a

.. .  ~0n - lIn this paper the neutralino lifetime is multiplied by the light
gravitino[5]. If the lightest neutrallnoﬁ) is the NLSP, the pap P y g

velocity ¢ to have a dimension of length.
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— Because the three momerpig, p,,, andpg are on the same
— plane, the direction of the gravitino momentum is completely
I

determined.
The information of the gravitino direction may be used to
determine the sparticle masses. We describe this idea for the

| ENDCAP cascade decaf— € yi— ¢ yG. The sleptorf may be copi-
A BARREL EMCAL EMCAL ously produced at the LHC fromgd or x; decays, wherg3

u:/ and;(f are predominantly produced from gluino or squark
Il decays. The neutralino and slepton masse® @ndnmy) are

related by the following formula:

—

mZ=(p,+ Pz +pPe)’

m =2E,Eg(1—cosy)
+2E(Eg(1—cosb,g) +2E(E,(1—cosb,,)

FIG. 1. Decay kinematics of the NLSfhe lightest neutralino
X)) in the ATLAS detector. E¢o(1-cos9eg)| »

E (1-cosp) | ¢

niques, thestatistical errorof the masses of andy? can be
+2E(E,(1-co¥,)

a few percent folO(100) selected y pairs from the decay

chain? — € x3— ¢ yG. Although more work, especially full —amZ+b, %)
detector simulations, is needed to establish the techniques, X1
the result of the fast simulation is quite encouraging. where we use the relation
In Sec. IV we show that events withy pairs are fully
reconstructed by using the measured mass and the ECAL m;z(o=(py+ pa)?
information. This measurement is utilized to determine the !
neutralino lifetime for 10 crtc7<<O(10) m. This analysis =2E Eg(1—cosy), 3

does not require the photon to be converted in the inner B )
detector. Therefore the available number of events is signifiand neglect the lepton and gravitino masses. A pair of param-
cantly larger. Finally, in Sec. V we discuss how these mea€ters @.,b) can be calculated event by event from the mo-

surements would be translated into the fundamental paranfl€nta of the lepton and photon and the direction of the grav-
etersFy, F, andM in the GM model. itino momentum. Because the sparticle magses and my

should be common for all events, one can determine them if
we have at least two tagged events.
II. KINEMATICS OF THE EVENTS WITH NONPROMPT In Refs.[10,11] the magsem}(l) andm; are determined by

~0 . ) o
X1 DECAY measuring end points of mass distributions for events con-

We first discuss the decay kinematics of the neutralind@ining ¢¢y which come from the decay chaipd— (%
with non-negligible lifetime. In Fig. 1 we schematically — ¢€x9—¢¢yG. End points in the distributions of invariant
show a neutralino decaying into a gravitino and a photon irmasses m;,, m;,, and mg,, are combined to solve
the ATLAS detector. The neutralino is produced at the inter1mg , o, and me. Note that only the events near the end
action pointO at the timet=0, and then flies to the decay points contribute to the mass determination in the end point
point D, where the neutralino decaystattp into a photon  analysis.
and a gravitino. The photon goes to the pa\in the ECAL Our proposal is quite different from the end point analy-
att=t,. We define two anglea andy, the former between sis. We assume that a set of events come from a common
the photon momenturﬁy and the position vectoiy= OA, cascade decay, and use the mass shell conditions of the spar-
and the latter betweeﬁy and the gravitino momentunﬁg. ticles involved in the cascade decay. Each event gives an

. : independent constraint to the masses as given if&and
We can experimentally measute by and the distance contributes to the mass determination. We call this “the mass

L=|OA|. The angley can then be calculated from the three rejation method.” This technique may be applied for other
observables as

1— §2 2The formula can be easily shown by considering a Lorentz trans-
cosy= — formation into the frame where the interaction point and the photon
1+¢ detection point are identical. We define the rapidities of the grav-
itino and photon, taking the boost direction as thdirection. To
f L obtain the formula Eq(1) one then goes back to the laboratory
— ety cosa frame, noting the additivity of the rapidities. We thank Dr. Odagiri
where ¢&= . ) (1) L .
L sina for pointing this out.
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cascade decays of SUSY particles, which will be discussed TABLE I. Model parameters and some of the sparticle masses at

in future publications. point G1. The parametéM is an integer number which appears in
The ATLAS detector at the LHC has a good capability to Ed. (10).

measure nonpointing photons, where the barrel part of the

electromagnetic calorimeter and the transition radiation Parameters Sparticle masg€zV)

tracker_(TR'I_') WI|| play |mp0r'Fant roIes(F|g. 1). The barrel  FIM=90 TeV ;=720 my, =324 myo=117

ECAL is a I|qmd—argon'calor|melter covering a p;eudorapld-M —500 TeV mg =958 m; =162 mro=217

ity range| 7| <1.4. The inner radius of the ECAL is 150 cm. , _ Lo R_ 2_

W th | lutions of the photon arrival _ Moe= 915 m, =831 =420
e assume the angular resolutions of the photon arrlva\ang:5 . — 909 o= 442

point at the ECAL inner surface to be,~0.004 ando,,
~0.002. The ECAL energy resolution is expected to be’
0E7/E7= 10%/\E.,, where the photon enerdy, is given in
GeV. The longitudinal and transverse segmentation of theters are calculated bgASUSY in ISAJET 7.51[12], and the
ECAL gives a measure of the development of electromagmass spectrum, the couplings, and the decay branching ratios
netic showers. The first longitudinal sampling is finely seg-are interfaced toHERWIG 6.4 [13]. We generate TOSUSY
mented in the# direction, resulting in a good angular events at this point, corresponding to an integrated luminos-
resolutiorf of o,=60 mradA/E.,, where# is the polar angle ity of 13.9 fb- 1. When we simulate the events, we keep the
of the photon momentum with respect to the beam axis. Théghtest neutralinoSNLSP9 stable at the generator level.
azimuthal anglep of the photon momentum is only poorly Then a fast detector simulaterLFAST is used for all par-
measured by the ECAL, as the segmentation is very coarse licles except the neutralinos. The decay of the neutralinos
this direction. The ECAL also has an excellent time resolu-and the photon conversions are simulated at the analysis
tion, oy <100 ps forE ,>30 GeV, confirmed by a test-beam Stage. The photon conversion probability is estimated based
experir;lent. on the detector thickness of the TIRIO]. If (a) a neutralino
When a photon is pointing to the interaction point, thedecays into a photon and a gravitino before escaping the TRT
photon momentum is precisely determined by the ECAL'®dion,(b) the photon points to the barrel ECAL, afd the
only, namely, by measuring the energy deposit and the arrivdlhoton is converted inside the barrel TRT, then the energy,
position. However, in the case of the GM model, the photorPOsition, time, and direction of the photon are smeared by
is in general nonpointing, and the transverse components e Gaussian distribution according to their resolutions. The
the photon momentum are only poorly measured. Fortudetector resolutions assumed in the simulation are listed in
nately, the barrel TRT is located inside the barrel ECAL as alable Il. We assume that the time resolution of the ECAL is
component of the inner tracking detector. This detector covéonstanta =100 ps, forg,>30 GeV.
ers the radial range from 56 to 107 cm and the pseudorapid- For a moment we set the neutralino lifetime to be
ity range|#7|<0.7. As the straw tube trackers of the barrel =100 cm. In this case the neutralinos efficiently decay in the
TRT are parallel to the beam axis, trajectories of charged RT, as the outer radius of the TRT is roughly 100 cm. We
particles are precisely measured in the) plane. If a photon first apply preselection cuts to suppress the standard model
is converted into are“e” pair before escaping the barrel background:
TRT, the ¢ angle of the photon momentum can be very
precisely measured. As thk angle resolution is much better
than thef angle resolution by the ECAL, the resolution of . mis
the angle « becomeso,= \/020+ 02¢~o,,. The material (i) EY™>0.IMef. @)
thickness of the TRT is about 10% of one radiation length atrpo missing transverse ener@)rfniss is calculated from the

?;TO; namely,~10% of photons will be converted in the econstructed jets, leptons, photons, and unreconstructed

>0

(i) Mgg>400 GeV,

TABLE Il. Detector resolutions assumed in our Monte Carlo
simulation of nonpointing photons. The photon enefgyis given

1. RECONSTRUCTION OF GRAVITINO DIRECTION in GeV. As for the¢ angle of the photon momentum, we assume
AND SPARTICLE MASSES photon conversion in the TRT detector.

In order to test the new techniques we perform a Monte .
Carlo event simulation at GM point G1.0,11] with F, or Observable Detector Resolution
equivalently the neutralino lifetimer, being the only free  Photon energy E, ECAL 0.1JE,
parameter. The model parameters and some of the sparticte
masses are listed in Table 1. The low energy SUSY paramEhoton arrival time ty ECAL 100 ps

Photon arrival position n ECAL 0.002
. o _ S & ECAL 0.004

The good angular resolution is obtained for photons originating
from the interaction point. As the ECAL has a pointing tower struc-Photon momentum 0 ECAL 0.060/\/E_y
ture, the angular resolution for nonpointing photons, which is still 1) TRT 0.001

under study, might be degraded.
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14000

300 ( ) 800 3 (b) 14000R ry ( ) r (b)
o a s AN a L
250 - 700 12000;,\,“ 12000F
600 10000 R, 10000f
B0k > 5000 > s000f
S 400 F 3 F R r
anJ 300 E ~ 6000 ~— 6000}
> E o s o [
accepted 200 accepted “ooor 1000t
100 2000 2000f
o 05...ML Sl obs > obs .
50 100 150 200 0 0.2 0.4 0.6 0.8 1 1 . . . K 2 . . 2
E, (GeV) a (rodian) a a
100 200 [ . . . . . .
X (c) 180 E (d) FIG. 3. (a Dls_trlbutlon of € y pairs |n_(a,b) plan_e. The region
a0 L 160 | between dotted lines shows our selection ¢n}.Points show the
F 140 | average values ofa(b) between the two dotted lines i@). The
§ 60 —" accepted § 120 | region is divided into nine bins. The solid line shows the result of a
B= < 100 E linear fit.
S w0 H S s F
60 ;—
20 40 ;—
o b1, T s e 2‘; AR make a pair with the nonpointing photon. If there are several
e 2z o+ 6 B M0 S04 -0z 0 02 04 leptons in an event, we choose thg pair which minimizes
At, (ns) Ay (radian) P ’ g P

the invariant massn,,. The parametera andb are calcu-
FIG. 2. Distributions of(@) E,,, (b) @, and(c) At, at point G1  lated for each{'y pair. The scatter plot in thea(b) plane is
with ¢c7=100 cm, where the cutd)—(3) in Eq. (6) are sequentially shown in Fig. 8a), where the sample contains about 120
applied.(d) Distribution of A= ¢— yx, after applying the cuts, pairs. The points are clearly concentrated along a line. The
where y is the angle between the momenta of the photon and thgection of theb axis and the slope of the line must corre-
gravitino. The result of a Gaussian fit is also shown. spond to m% and m,)%(o because of the relatiom:rn%
: 1

—nﬁoa. In Fig. 3b) we take a simple average od,b) for
. . . . . 1
calorimeter energies. The effective madgy is defined by  the events between the two dotted lines in FIG) Dy di-
the sum of the missing transverse energy and the transverggjing the region ofa into nine bins, and we fit the averaged
momenta of the four hardest jets: data by the linear function Eq2). The fit results aremy

M. Emiss, N N N ©) =162.1 GeV andn;g:117.5 GeV, while the input values

efft— =T P11t Pr2tPratPra. are 161.7 GeV and 117.0 GeV, respectively.

We do not include photons from the neutralino decays in the 10 estimate the errors of the mass measurement, the simu-
above calculation. The efficiency of the preselection cuts fofation and the fit are repeated 100 times with different ran-

the generated SUSY events is 80%. dom number seeds. The fitted masses are plotted in Fig. 4.
The following cuté are then applied to select good “non- BY fitting the distribution, we obtain the errors of the masses
pointing” photons with conversion in the TRT: as o =2.7 GeV andffm;2:3-5 GeV. They correspond to

relative mass errors of 2—3%. If one of the sparticle masses
is precisely determined by some other measurements, the
other sparticle mass can be determined with a precision of

(1) E,>30 GeV,

(2) a>0.2, ~300 MeV by the mass relation method.
(3) At (=t,—L/c)>1.0 ns. (6) . ’»
. . . F(a) E (b)
The distributions ofE,, @, and At, are shown in Figs. 2 [ 2 |
2(a)—2(c), where the cut$l)—(3) are sequentially applied. b
In Fig. 2(d) we plotA =/~ iy, Wherey is calculated 8 ' | 8 s E
from the measur_ed, @, andt,, using Eq.(1) a_nda,btrue i§ the e S Wk
true value obtained from the generator information. The .
resolutiono, is better than 40 mrad in this case. s | s
In order to determine the masses of the slepton and the N enald Jbedl o Na
; ; ; ) <0 140 150 160 170 180 100 110 120 130 140
neutralino which appear in the cascade deday (€ x; Slepton mass (GeV) NLSP mass (Gev)

—€yG, isolated leptongelectrons and muohswith trans-
verse momentum larger than 20 GeV are searched for to FIG. 4. Distributions of the fit results ¢#) the slepton massy;
and (b) the neutralino massmo. The simulation and the fit are
repeated 100 times with different random number seeds. Results of
“Isolation from tracks/clusters is yet to be examined. Gaussian fitting are also shown.
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IV. FULL RECONSTRUCTION AND LIFETIME 15 (©) cr=100 400 © =
@ [(@) ¢r=100cm | - ey | (b)) - cr= 50cm
MEASUREMENT \8/ [ . r —— ¢7=100cm
p [ 30F 1 o or=
In this section we demonstrate full reconstruction of the 5 10} o F ot e7=200em
~ ~ ~ J) [
cascade decay—¢ X(f—>€yG and we show that the neu- R f‘é 200 |
tralino lifetime can be determined by the reconstructed decays | W] |
time and momentum of the neutralino. This analysis be- g i 100 [
comes possible after the precise determinatiomnpandn;g é i )
described in the previous section. S T S s
Here we study events with leptons and nonpointing pho- True t, (ns) to/ ¥y (ns)
tons, where the photons may or may not be converted in the S . )

the true value(b) Distributions oftp /y, for c7=50 cm(dashed

pointx,,, and energy, of the photon, the longitudinal com- 100 cm(solid), and 200 cm(dotted.

ponent of the photon momentum, and the lepton momentum

p, would be directly measured, while the transverse compowithout precise measurement of tieangle using the photon
nents of the photon momentum, the neutralino four-conversion. This\ @ cut is less efficient than the cut in Eq.
momentumpy,, and its decay time, (<t,) are not directly  (6). However, the overall selection efficiency of this analysis
measured. On the other hand, we have the following equas much larger because we have a larger fiducial decay vol-

tions involving the unknown quantities, ume and do not require photon conversion in the inner de-
. . . tector.
vitptu,(t,—tp)=X,, Isolated leptons with transverse momentum larger than 20
GeV are used to makéy pairs. For eacl y pair, there are
(py+ p)2= p%zm%, two solutions for the decay kinematics. We take solutions if

the reconstructed decay points are in the fiducial volume
(e.g.,r<100 cm andz| <300 cm). Therefore eachy pair
may be counted twice. If there are several leptons in an
event, all leptons are tried for each nonpointing photon and
accepted if thel y pair satisfies the fiducial condition.

In Fig. 5(@ we show a scatter plot of the reconstructed
whereJ and 57 are velocity vectors |6 |=c), and the decay timetp and the true decay time farr=100 cm. Here
lepton and gravitino masses are neglected Provided that we use the input masseyg andm~o for reconstruction. This

know the two massesy; andmyo, we can solve for all the  pjot shows that the neutralino decay time is correctly recon-
unknown parameters from the equatlons. There are two postructed for a significant fraction of the events. We also show
sible solutions for eackiy pair, which we obtain by numeri- the distribution ofty /vy, in Fig. 5b) for c7=50 cm, 100
cally solving Eq.(7). cm, and 200 cm, where the factory}/corrects the effect of
The simulation and analysis are modified from those ofLorenz boost. The distribution shows the expected exponen-
the previous section. The neutralino must decay inside th&al damping toward largeéy /v, values. The geometric ac-
ECAL and the photon from the neutralino decay must enteceptance of the events would be small wherny, >R;, or
the barrel ECAL, resulting in a much larger fiducial decay 7y, <1 ns, whereR;, (=150 cm) is the inner radius of the
volume. We assume the fiducial volume as150 cm and ECAL and 1 ns is our cut value on the difference of the
|z| <300 cm, where andz are the radial distance from the photon arrival times.
beam axis and the distance from the interaction point along The geometric effect on the acceptance may be corrected
the beam axis, respectively. In addition, as the photon corby a study with full detector simulations. The momentum
version is not required in the inner detector, the acceptancdistribution of the neutralino would be an important uncer-
of the events further increases. After applying the preseledainty, as the transverse momentum distribution should de-
tion cuts given in Eq(4), we select nonpointing photons by pend on the gluino and squark masses. The heavier sparticle
the following cuts: masses may be measured precisely byj §#feor jj xJ invari-
ant mass distribution for selected jet9 (@and a neutralino,
where the neutralino momentum is reconstructed by solving
Egs. (7). Therefore, we assume that the systematics due to
the momentum distribution of the neutralino would be small
enough.
(3) At,>1 ns. ®) Assuming that the systematic errors are controlled, we
may study the sensitivity to the lifetimer using the two
measured value&) (tp/v,), the average of the corrected
angles ofpy and xy, where the polar angles are measureddecay time; andb) N,,, the number of acceptetly pairs
from the beam axis. Note that the o@®) is different from  (note that we do not count afiy pair more than once to
that in Eq.(6), because one cannot determine the angle avoid overcounting They are plotted as functions ofr in

- —n2=—m2—
(Py—P,)*=pg=mz=0,

2_ 2

(1) E,>30 GeV,

(2) A6>0.2 rad,

Here A0=6* —6* is the difference between the polar

035003-5
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Sr 4000 TABLE lIl. Relative resolution ofc7. As in Figs. 1a) and 1b),
s f_(") st 2 F ®) the values are estimated from the averéigg/v,) and the number
e J e " 83000 f", of ¢y pairsN,,, respectively.

A F i PRI
X 3F B2000f ", (a From(tp/vy,) (b) FromN,,,
~ ES & I h,
4v5’ T i gooo L R cr (cm) Actlcr cr (cm) Acrlcr
b i 10 0.173 200 0.062
O s 50 w0 %0 500 7000 1300 2000 20 0.062 250 0.038
et (em) et (em) 30 0.041 300 0.034
FIG. 6. (a) Average(tp /y,) and(b) N,,, as functions ot for gg gggg igg gggg
an integrated luminosity of 13.9 3 at point G1. The dot and the ’ '
error bar show the mean value and the standard deviation of 10090 0.027 450 0.031
simulations at eacb value, respectively. 70 0.037 500 0.040
80 0.039 600 0.025
Fig. 6, where we repeat the simulation for an integrated lu- 90 0.043 700 0.037
minosity of 13.9 fb 1100 times to obtain the medgt /y,) 100 0.045 800 0.037
and N, values and their standard deviations. In the plot, 150 0.043 900 0.037
(to/v,) is larger than 1 ns even far=10 cm because of 200 0.047 1000 0.039
the cutAt,>1 ns. Note that we do not have the sensitivity 250 0.061 1500 0.048
on ¢ when c7<10 cm because the time resolution is 300 0.070 2000 0.033

~0.1ns, andcx0.1 ns~3 cm. The number of y pairs

with photon conversion Ng3™) is 13.0 and 80.5 forcr

=10 cm andc7=30 cm, respectively. As the number of ECAL and (tp/y,) loses sensitivity toc7. On the other
converted nonpointing photons is rather small for  hand, the number of y pairs N, is noticeably reduced
=10 cm, a large integrated luminosity is needed to deteryhencr is longer than 100 cm. We can estimate the sensi-
mine the sparticle masses. For lamge values, the average ijyity of N, to crin a same way. The result is shown in Fig.
(to/7,) is saturated since most of the neutralinos decay out 504 summarized in Table Iil. Note that we ignore the errors

side the detegtor. Indeef, the number of reconstructed evg_rgﬁ;w andnmo for the moment and use the input mass values.
takes its maximum at7~ 100 cm and decreases monotoni 1

cally as shown in Fig. ®). © . d :

The sensitivity of the(tp/y,) measurement to the life- €matic errors are yet to be studied with full detector simu-
time cr is estimated by the error of the measurementations.
A(tp/7v,); namely we define the error of the lifetimecr
by the following formula:

Note also that only statistical errors are considered here. Sys-

g(crxAcr)=(tp/ v ) = A(tp/v,),

9

whereg(cr) is a function to describe the averagg /y,).
This function is numerically obtained by fitting tkes /v, )
to a second power polynomial function of using the av-
erage values in the region withinT=50 cm. Whencr
>100 cm, most of the neutralinos decay after reaching the

400

[
(=3
(=3

reconstructed ¢t (ern)
- ]
Q (=3
(=] o

(@ <t/ R>

2000

1500

reconstructed ¢t (cm)
o =)
Q (=3
(=] o

For largecr values the number of selected events is lim-

ited. In Table IV we summarizél,, andN

for an inte-

grated luminosity of 13.9 fb!. For c7<2000 cm the num-
berNg5" still exceeds 130 events if we assume an integrated
luminosity of 100 fo ! at point G1. Therefore, it might still
be possible to determine the neutralino and slepton masses.

V. DETERMINATION OF THE FUNDAMENTAL
PARAMETERS

In this section we utilize the measurement of the sparticle
masses and the neutralino lifetime to determine more funda-

TABLE IV. Number of €y pairs for an integrated luminosity of
13.9 fb ', Ng5"is the number of y pairs with photon conversion

in the inner detector.

. c7 (cm) Ny Ng
OO” IEédl Iéédl Isédl II400 00 I §$O ‘IOOO I15OO‘ 2000 10 147 13.0
input ¢7 (cm) input ¢7 (cm)
30 1424 80.5
FIG. 7. Estimated resolution of the lifetinger for an integrated 100 3193 116.3
luminosity of 13.9 fo'* from (a) the averagdp /vy, and (b) the 300 2413 72.8
number of ¢y pairsN,,. The inputm; and m; are used for the 2000 536 14.3

reconstruction and their errors are ignored.
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mental parameters in the GM scenario. From the measurgure for the lifetime. Forcr=2000 cm (\/|:_0~24oo TeV
ment of the slepton and neutralino masses, the fatM is  and mg~1.4 keV), the estimated error is about 4%. This
determined with a precision of a few percent. This can be:grresponds to a @) % error on\/F, (mg). The mass error

seen in the expressions for the masses at the messenger sc&lg((l) is estimated to be around 3%, because the number of

as(14] events with a converted photon is around 100 for an inte-
M. — a;i(M) ENX (FIM?) grated luminosity of 100 fb, which is obtained in one year
! A7 M g ' at the high luminosity runs of the LHC. From Ed40) and

(12) the error ofFy (mg) due to the mass error is(8) % in

this case. Foc7=10* cm the number of events with a lep-
ton and a converted nonpointing photon is about 70 for the
ultimate integrated luminosity of 300 8.

3a?(M) F2
2 1 2
m: = ——— —NXf(F/M?),
(R 4072 M? ( )

5 3a§(|\/|) 3a§(|\/|) = ) The above estimate is rather optimistic because we do not
™ =\ Teon? + 3272 WNXf(F/M ), consider systematic errors of the measurement. In addition,
4 (10) we have so far not considered the effect of background

events from the standard model processes and the SUSY

whereN is an integer number, whilg andf are some func- Production itself, where prompt photons from the interaction
tions that satisfyf(0)=g(0)~1 for FE<M?2. The sparticle point mimic nonpomtmg photons due to the limited detector
masses are proportional B/M in this limit. resolution. Note that, in our Monte Carlo sample, 28757
The absolute size d¥l (or F) is rather difficult to deter- Sleptons are produced, and2500 (~70) of them are ac-
mine because it appears only through the sfermion mass ru§epPted as the sample with(eonverted nonpointing photon
ning fromM to the SUSY scale. A studi10] shows that the for c7=300 cm. Especially for a larger case, the number
relative errorAM/M is ~30% with 1% mass errors at this ©f real nonpointing photons is small, and the analysis might
point. severely suffer from the background. Studies with full detec-
The neutralino lifetime depends on the order parameter oor simulations are necessary to understand the systematic

the total SUSY breakin§, and the neutralino mass;o [5]; ~ €MOrS and the background and should be completed before
1 the start of the LHC physics run. If events with a nonpoint-

1 {100 GeWw ° N ) ing photon converting in the TRT cannot be used for mass
cr=— X10"“ cm, (11 i ~0~30% i -
T < — 100 Tev (1) reconstruction due to the backgroundsyro~30% is ex

pected from the end point analysis involving jets and leptons.
wherek = [Ny, COS@y+Ny,Sin a2 with 6, being the Wein- {n this case t?ctehuncertz_atl_nty of the kr)mutrfahr;o m?szs would lead
berg angle, anil;; is the neutralino mixing angles. The con- 0 an error of the gravitino mass by a factor ot 2.

stant isk, = co@y for the B-ino-like x}. The parameteF,,
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