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Measurements in supergravity models with large tan8 at CERN LHC
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We present an example of a scenario of particle production and decay in supersymmetry models in which the
supersymmetry breaking is transmitted to the observable world via gravitational interactions. The case is
chosen so that there is a large production of tau leptons in the final state. It is characteristic of |grge tan
that decays into muons and electrons may be suppressed. It is shown that hadronic tau decays can be used to
reconstruct final states.

PACS numbgs): 11.30.Pb, 04.65%:¢e, 12.60.Jv

. INTRODUCTION essentially degenerate. At larger values of fatthis degen-

If supersymmetrySUSY) exists at the electroweak scale eracy is lifted and the; becomes the lightest slepton nif;,
o S . T0n 70
then gluinos and squarks will be copiously produced in pairs's. small enough, then the.two—-body dec‘%&_}){lh’ Xiz
at the CERN Large Hadron CollidétHC) and will decay ~ Will not be allowed, and ifm, is large enough, then
via cascades involving other SUSY particles. The character— | gl will also not be allowed. Then for large enough &n
istics of these decays and hence of the signals that will bghe only allowed two-body decays argo— 77"
observed and the measurements that will be made depend _+

. \ 7777}, In such cases, tau decays are dominant, and final
upon the actual SUSY model and in particular on the patterg ;oo involving tau’s must be used.

of supersymmetry breaking. Previous, detailed studies of Sig- The simulation in this paper is based on the implementa-
nals for SUSY at the LH@1-4] have used the supergravity tjon of the minimal SUGRA model insAJET [10]. We use
(SUGRA) model[5,6], in which the supersymmetry breaking m —m,,=200 GeV, tamB=45, A,=0 and sgp=—1.

is transmitted to the sector of the theory containing the stanthe mass spectrum for this case is shown in Table I. The
dard model particles and their superpartners via gravitation%nly allowed two-body decay df? is into 7,7, S0 it has a
interactions. The minimal version of this model has just fourbranching ratio of more than 99(%_ e

parameters plus a sign. The lightest supersymmetric particle The total production cross section for this model is 99 pb

(x2) has a mass of order 100 GeV, is stable, is produced iy o | i The rates are dominated by the productiogapf
the decay of every other supersymmetric particle and is neu-

tral and therefore escapes the detector. The strong productiéd9d final states. Interesting decays include the following:
cross sections and the characteristic signals of events with

multiple jets plus missing enerdg or with like-sign dilep- TABLE I. Masses of the superpartners, in GeV, for the case
tons|*1= plus E; [7] enable SUSY to be extracted trivially being studied. Note that the first and second generation squarks and
from standard model backgrounds. Characteristic signalsleptons are degenerate and so are not listed separately.

were identified that can be exploited to determine, with great

precision, the fundamental parameters of this model over the ~Sparticle Mass Sparticle Mass
whole of its parameter space. Variants of this model wikere 5 540
sarity is b;oken[s] and the{ is unstable have also been o 151 S 305
Isgﬁzssidm]bdels have characteristic final states depending X 8l X5 152
upon their parameters. The next to lightest neutral gaugino x5 285 X4 303
X3 is produced in the decays of squarks and gluinos which u 511 Ug 498
themselves may be produced copiously at the LHC. The de- d, 517 dg 498
cay of x5 then provides a tag from which the detailed analy- 1, 366 1, 518
sis of supersymmetric events can begin. The dominant decay b, 391 b, 480
is usually eithery9—hx? or x5—1%1"x?, which can pro- o 250 or 219
ceed directly or via the two step decays—I|"T" e 237 e 258
—1717%2. The latter leads to events with isolated leptons. T 132 7, 217
Both of these characteristic features have been explored in ho 112 HO 157
some detail in previous studi¢g—4]. A0 157 H* 182

In the previous cases the smuon, selectron and stau were
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(i) BR(Y3— 771)=99.9%, BR(x1 — v,71) = 99.9%; Jets are found usingeTIET[10] with a simple fixed-cone

(i) BR(xs— ¥2Z) = 13%, BR(ys— 77) = 21%; algorithm. The jet multiplicity in SUSY events is rather
3AX oM T U ' large, so we will use a cone size of

(i) BR(g—bb,;)=55%, BR(g—bb,) =10%:; g

(iv) BR(g—q.q) =2.9%, BR(g— drdr) =5.7%; R=\(A7)?+(A¢)?=0.4

(v) BR(q_—X50) = 30%, BR(dr— X10) = 97%.

Hereq refers to a light quark. unless otherwise stated. Jets are required to have at least

All the analyses presented here are basetsaseT 7.37  P;>20 GeV; more stringent cuts are often used. All leptons
[10] and a simple detector simulation. Six-hundred thousandare required to be isolated and have some mininRynand
signal events were generated which would correspond to pp|<2.5, consistent with the coverage of the central tracker
fo~! of integrated luminosity. The standard model back-and muon system. An isolation requirement that no more
ground samples contained 250K events for eachtpfwvz  than 10 GeV of additiondEr be present in a cone of radius
with W—ev, wv, 7v, andZj with Z— v 77, and 5000K R=O._2 around thfa_lepton is useq to rej(_act leptons flojets
QCD jets(includingg, u, d, s, ¢, andb) divided among five andc ].et.S. In addition to these kln-ematlc. guts a Iepter‘o(r.
bins covering 56 P;<2400 GeV. Fluctuations on the his- ~) €fficiency of 90% and &-tagging efficiency of 60% is

tograms reflect the generated statistics. On many of the plo@SSumed11]. , . . .
that we show, very few standard model background events S taus are a crucial part of this analysis, they require

survive the cuts and the corresponding fluctuations are largS§P€cial treatment. We concentrate on hadronic tau decays,

but in all cases we can be confident that the signal is mucfNce for leptonic decays the origin of the lepton is not clear

larger than the residual background. The cuts that we chosdd the visible lepton in general carries only a small fraction
have not been optimized, but rather have been chosen to ggt the trué tau momentum. If we were to select multiprong
background free samples. tau decays and reconstruct the invariant mass of these decay
The detector response is parametrized by Gaussian resBfoducts, then by requiring that the reconstructed mass be
lutions characteristic of the ATLA$11] detector without VEry close to the tau mass we could select those decays
any tails. All energy and momenta are measured in GeV. |{/here the neutrino has no energy and the total momentum of
the central region of rapidity we take separate resolutions fofl'€ tau is determined. There would also be no dependence on

the electromagneti¢€EMCAL) and hadroniqHCAL) calo- the polarization s;ate of the produced tau. This method
rimeters, while the forward region uses a common resoluVould of course give very small acceptance and would be
tion: very sensitive to detector resolution issues as the invariant

mass cannot be reconstructed perfectly. In our actual analysis
EMCAL 10%/VE® 1%, 17|<3, we use cuts that pro_vide a feasonaple compromise between
efficiency and selection of high invariant masses.

Using the fast simulation, we first identify the hadronic
taus by searching the reconstructed jet list for jets ViAth
>20 GeV and|75|<2.5. We then compare these jets with
FCAL 100%ANE®7%, |7|>3. the generated tau momenta and assign them to a recon-

_ ) ) ) structed tau ifE,>0.8E;; and the center of the jet and the
A uniform segmentationA »=A$=0.1 is used with N0 gy are separated hyR<0.4.

transverse shower spreading. Both ATLASI] and CMS A full simulation of the ATLAS detector is needed to
[12] have finer segmentation over most of the rapidity rangeynderstand the selection hadronic tau decays with large in-
but the neglect of shower spreading is unrealistic, especiallyariant mass. A full simulation of our supersymmetry case is
for the forward _calorimeter. I\/_Iissing transverse energy is calnot feasible due to the complexity of the SUSY events and
culated by taking the magnitude of the vector sum of thene consequent huge CPU time required by the full simula-
transverse energy deposited in the calorimeter cells. An ovefion, As the most important issue is the measurement of the
s:implified parametrization of thg muon momentum feSO|U1nvariant mass of tau pairs a full simulati¢a3] of Z+jet
tion of the ATLAS detector—including both the inner gyents withz— 7~ which produces tau pairs of well defined
tracker and the muon system measurements—is used, ViZ.jnyariant mass is used. Events were generated mithHiA
[14] and passed through the ATLASEANT simulation
8P+/P7=10.016+(0.001P+)*. (DICE) and reconstructio(ATRECON) programs[15]. The
charged particles were reconstructed with the tracking sys-
For electrons we use a momentum resolution obtained by and the photons with the calorimeter. Cuts were then
combining the electromagnetic calorimeter resolution abov%pp”ed to the invariant mass and isolation of the recon-
with a tracking resolution of the form structed taus. In particular the reconstructed mass of the tau
decay products was required to be larger than 0.8 GeV. This
rejects ther— wv_ decay. QCD jets in the same events were
studied with the same algorithm, so its effect on these jets
can be determined. These cuts produce a rejection factor
This provides a slight improvement over the calorimeteragainst QCD jets of a factor of 15 and accept 41% of the
alone. hadronic tau decays. We now apply these results to the had-

HCAL 50%/JE®3%, |7|<3,

0.4
8Pr/Pr=| 14 T )J(o.ooopT)%o.oom.
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ronic tau’s identified in our fast simulation on a probabilistic 18 T T T T T r ot

basis. The accepted hadronic decays are assumed to be me:
sured using the resolution from the full simulation, while the
ones not accepted are put back into the jet list. Fakeare 105
made by reassigning jets with the appropriate probability.
The full simulation also indicates that the tau charge is cor-
rectly identified 92% of the time. We include this factor in
our fast7 reconstruction and assign the fake tau’s to either
sign with equal probability. For cases where theinvariant
mass is to be measured, the generatednvariant mass is
smeared with a resolution derived from the full simulation,
i.e., a Gaussian with a peak & =0.66M ., and o/M
=0.12. In cases where the measured momentum ofrthe 102
decay products is needed, the measured jet energy is used.
Results are presented for an integrated luminosity of
10 fb™ %, corresponding to 1 yr of running at ¥ocm 2s7;
pileup has not been included. We will occasionally comment 0 2000
on the cases where the full design luminosity of the LHC, M. (GeV)
i.e., 164 cm 2s %, will be needed to complete the studies. of
For many of the histograms shown, a single event can give FIG. 1. SUSY signal(open histogram and standard model
rise to more than one entry due to different possible combibackgroundgsolid histogram
nations. When this occurs, all combinations are included.
The rest of this paper is organized as follows. We firstgymed here, the signal is much larger than the standard
illustrate how measurement of the final state can be used |,0qe| backgrounds for largd o, as is illustrated in Fig. 1.
to infer information on the masses of the staus. We then US@hus, the discovery strategy developed for low/&i] also
this final state in conjunction witb jets to reconstruct glui- \yorks for this case. As demonstrated in more detail else-
nos and bottom squarks. Methods for extracting informationyhere[1] the shape of this effective mass distribution can be
on light squarks are then shown and the dilepton mass digjseq 1o estimate the masses of the SUSY particles that are
tribution is used to give information on the masses and ony,gst copiously produced, here squarks and gluinos.
X5. Finally we show how this information can be combined
to constrain the underlying model parameters.

|||umr'
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Ill. TAU-TAU INVARIANT MASS
Il. EFFECTIVE MASS DISTRIBUTION As can be seen from the decays listed above we expect

The first step in the search for new physics is to discovegignificant production of3 and hence of tau pairs from the
a deviation from the standard model and to estimate the maskecay ofg, . We require that the events contain at least two
scale associated with it. SUSY production at the LHC isjets that are identified as hadronic tau decays using the above
dominated by gluinos and squarks, which decay into multiplealgorithm. In addition, the following cuts are applied:
jets plus missing energy. A variable which is sensitive to (i) E:>100 GeV,
inclusive gluino and squark decays is the effective mass (ii) at least four jets witlP+>50 GeV and at least one jet
Mg, defined as the scalar sum of tRg’s of the four hard-  p;,>100 GeV,

est jets and the missing transverse endkgy (iii) M>500 GeV,
(iv) Er>0.2M o
Met=Pr,1t Pr2t Prat PratEr. Again, some of these jets could result from hadronic tau
decays.
Here the jetP;'s have been ordered such that; is the We then search for taus that decay hadronically using the

transverse momentum of the leading jet. The standard modelgorithm discussed above. The reconstructedinvariant
backgrounds tend to have smallgy, fewer jets and a lower mass distribution is shown in Fig. 2; all combinations of tau
jet multiplicity. In addition, since a major source & is  charges are shown in this figure. It can be seen from this
weak decays, largé+ events in the standard model tend to distribution that there is a clear structure. There is consider-
have the missing energy associated with leptons. To suppreasle background from combinations where one of the iden-

these backgrounds, the following cuts were made: tified tau jets is from a tau and the other is from a misiden-
(i) Er>100 GeV, tified jet. The invariant mass distribution of these pairs is
(i) =4 jets withP+>50 GeV andpt,>100 GeV, also shown in Fig. 2; it is rather featureless. The tau algo-
(iii ) transverse sphericitg;>0.2, rithm has not been optimized so this background could well
(iv) no u or isolatede with P+>20 GeV and 7|<2.5, have been overestimated. The background from events
(V) Er>0.2M . where both taus are misidentified jets and the standard model

Note that some of these jets could result from hadronidackground are both negligiblghey are indicated by the
tau decays. With these cuts and the idealized detector afiled histogram. The position of the peak in this mass dis-
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FIG. 3. Reconstructedr mass distribution showing the effect

FIG. 2. Reconstructedr mass distribution. All combinations of T;Zﬁfa“ng the generated tau-tau invariant mass distribution by
= /. 0.

tau pairs are shown irrespective of the charge. The dashed histo-
gram shows the combination of one real tau and one fake tau. Th~e _
actual experiment would observe the sum of the two histograms)(g and xﬁ decays. This can be confirmed by the lage

The background from standard model processes and from evenigyna|(see below The fluctuations in this histogram reflect
where two jets are misidentified is very smelblid histogram the generated statistics, which correspond to aboutBl;m
r at low luminosity would make this high-mass signal much

tribution enables one to infer the position of the end po'n%llearer.

arising from the decay chai"jagﬂ T}lﬂ}g”;
Mz MZ, IV. RECONSTRUCTION OF g—bb—by3b—bbsr* 7 x?

X
MIP=M5o\ /1= —7 \/ 1~ —3=59.6 GeV.

2 < M“

X5 i

The event sample of the previous section is used in an
attempt to reconstruct squarks and gluinos. We concentrate

_ - _ . _ here on final states with quarks as these have the larger
In order to estimate the precision with which this end

point can be determined, the generated tau-tau invariant mass

distribution was shifted byt 7.5% from its nominal value.

The effect on the reconstructegr mass distribution is - 7

shown in Fig. 3. These cases can clearly be distinguished. o .
The actual precision that can be obtained on the position  »ggg '

of this end point requires a more detailed study. Tau decays ",

are well understood; the problem is to determine the effects o

of the detector resolutions and the cuts. These are affected by

the polarization of the produced tau, although the effect is &

reduced by our selection which removes the v decay. 5

In principle, the polarization of the taus could be determined "qc'; 1000

by selecting those tau decays where the decay products have3

a fixed invariant mass and studying the resulting distribu-

tions as a function of that mass. Such a study would need the

full luminosity of the LHC and full(GEANT) simulation of

the detector. This has not been attempted. For the purposes

of extracting parameters below, we will assume an uncer- - STt

tainty of 5% on the location of the end point can be achieved. 0 100 200 300
There are some events beyond this edge as can be seen b M. (GeV)

looking at the subtracted distribution” 7~ — 7~ 7~ — 7" 7+ "

shown in Flg 4. This subtraction also eliminates the back- FIG. 4. Reconstructedt 7 — =7 mass distribution. The

ground from fake taus because their charges are not corrg@ashed line shows the fake-real background. The fluctuations are

lated. Here the excess extends+d50 GeV and is due to slightly larger than the true statistics.
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_ o o FIG. 6. Lego plot showing the reconstructed massgg>b)
FIG. 5. Reconstructedr+ jet mass distribution where the jet is

~0 _ ~0
tagged as & jet. The background from standard model processes ignd m(x2bb) =m(xzb).
negligible. . .
g sumed. The inferred mass differeneg —mg was found to

branching ratios and less combinatorial background. In addit—Je Insensitive to ’?‘Ssume’@f mass. . .
In the case of interest here the situation is more compli-

tion to the previous cuts, we require a tagdepet with P+ i _ ) b
>25 GeV; this jet could be one of the ones in the previouscated- First, there is an extra step in the decay chaingi.e.,
selection. Events are selected that have reconstructed taubb—bbyx3b—bbrr—bbr" 7 xJ. So that even if the
pairs with invariant mass withirc 10 GeV of peak in Fig. 2, events could be selected such that #hdnvariant mass was
and the invariant mass of the tau pair andhfjet is formed.  at the kinematic limitxJ would not be at rest in thgJ rest
This mass distribution is shown in Fig. 5. The sign sub-ga e and the inferred momenta would not be correct.

tracted distribution correspondingtd 7~ —7 7 — 77" is - g ;
used to reduce combinatorial background. There should b-ghls was the case at "point 5[1] where the method was

an edge at~mp —nn, =310 GeV. The edge is not applied to the decay cham—>qxg—>quy—>qu+;f)_(8 and,

) , ~0 N nevertheless, a mass peak was reconstructed in that case.
sharp—3 particles are lost, twg’s and they;. In addition  second, the momentum of the system cannot be measured
the distribution is contaminated by decays frq& and XE{. owing to the lost energy from neutrinos. Despite these prob-
The structure is not clear, but is well distinguished from thatlems the method is still effective as is now demonstrated. We
resulting from the case where thget is replaced by a light select events with reconstructee mass in the range
quark jet, shown in Fig. 9, below.

Further information can be obtained by applying a partial 40 Ge\xm, . <60 GeV
reconstruction technique. This was developed in Réf(so-

called “point 3") where the decay chaig—bb—bby3b  and infer the momentum ¢f3 from the measured momen-

—bbl*1~x} was fully reconstructed as follows. If the mass tUm P+ .- of the 77 system assuming the nominal value of
of the lepton pair is near its maximum value, then in the resM}23

frame of xJ both y; and thel | = pair are forced to be at

rest. The momentum ofJ in the laboratory frame is then P}2:(1+M}({/Mr*r*)Pr*r*-
determined:

This momentum is then combined with that of two measured
b jets, each required to haw>25 GeV, and the mass of

the x9b and y9bb systems computed. Figure 6 shows the
correlationm(x5b) vs [m(x9bb)—m(x5b)] in a lego plot.
where P+ - is the momentum of the dilepton system. The The subtracted distribution corresponding #O7" —7 7

~0 . o — 777" is used to reduce the background. There is a clear
X> can then be combined withjets to reconstruct the decay . . = ;

i | \ation b H b d peak in this plot. The projection of this plot onto the
c Elcl)’l. A clear correlation etweent.e masses 0 t,hgefam m(¥3bb)-m(x3b) axis is shown in Fig. 7 which shows a
bby; systems was observed allowing both the gluino an
sbottom masses to be determined if the masglofvas as- of 150 GeV. If a selection of events with 120 GeV

F_;';(g:(l‘f' M}S/M|+|7)F-s|+|7,

dpeak at 120 GeV, somewhat below the true mass difference
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5 pendent measurement of tﬁe? mass, which is only con-
7 strained from therr endpoint, would reduce the errors.

300
V. LIGHT SQUARKS

We now attempt to find evidence for the decay chain

—qxa—qrr—qr7xS. The rates are not large due to the
small branching ratio for the first step, and we can expect
considerable combinatorial background from QCD radiation
of light quark and gluon jets. The event sample of Sec. Il is
used. In addition we require the presence of a bgat with
Pt>25 GeV. Events are selected that have reconstructed
tau pairs with invariant mass withic 10 GeV of peak in
Fig. 2, and the invariant mass of the tau pair and the jet is
formed. This mass distribution is shown in Fig. 9. The sign
subtracted distribution corresponding tetr —71 7
—7"7% is used as it reduces combinatorial background.
g~ My, ~400 GeV. The

200 —

Events/10 GeV/ 10 fb™'

100 —

] ' 1
100

M(x,bb)-Mz,b) (GeV)

I|llllll

150

O |

200
There should be an edge atmyg

edge is not sharp—twe,’s and the}tl) are all lost. In addi-
tion the distribution is contaminated by decays freghand

~0 ~0 _ _ X3. While this distribution is clearly distinct from that shown
<m(x2bb) —m(xzb) <140 GeV is made and Fig. 6 pro- 5,5e wherd jets were used, more work is needed to estab-
jected onto then(x3bb) axis, the result is shown in Fig. 8. |ish that this could be used to infer information on the light
A fairly sharp peak results at a value somewhat below th&quark mass.
gluino mass of 540 GeV. This displacement to lower values

is due to two effects; jet energy is lost out of the clustering

cone and carried off by neutrinos in semileptonic bottom and

charm decays. We have not recalibrated Higt energy This analysis is based on the fact tﬁmﬂq}&’ is domi-

scale to take account of these effects. As discussed in Ref. ~

[1], the mass difference is less sensitive to the assugied Eam’ S00rG pair production gives a pair of hard jets and

) , arge missing energy. There is no kinematic end point, but
mass than either the gluino or sbottom mass. For small va N g gy P

. o the P+ of the jets provides a measure of the squark maks
ues of the difference, the measurement is independent of th]ane fI)IIowingJ cutg were made: g 2

assumedy) mass. We assume an error of 20 GeV on the () £;>200 GeV,
mass difference and 60 GeV on the gluino mass. An inde- (ji) 2 jets with P1>150 GeV,

(iii) no other jet withpt>25 GeV,

FIG. 7. Projection of Fig. 6 onto the(xJbb)-m(x3b) axis.

VI. EXTRACTION OF (g

0 FT T T T T T T T T T (iv) transverse sphericit$;>0.2,

— s C 7 T T I T T T ] T T T I T ]
< 300 |- - 1000 |- ~
2 R i - ]
o | ] _ L .
S 2 I ]
> - . = - .
3 | N 2 750 — —
8200 [~ ~ 8§ f :
2 R ] s i 3
2 - . é 500 :— _:

100 - = - N

i ] 250 |- —

P AT P ralr i = S e :
0 200 400 600 0 0 200 200 600
M(x,bb) (GeV) M., (GeV)

FIG. 8. Projection of Fig. 6 onto thm(}gbb) axis with the

requirement that 100 Gem(Sbb) —m(x5b)<140 GeV.

FIG. 9. Reconstructedr+ jet mass distribution for light quark
jets.
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FIG. 10. Transverse momentum distribution for jets passing the FIG. 12. Reconstructede "~ +e‘e" —ue  —p"e" mass
selection described in Sec. VI. The standard model background igistribution.
shown as the solid histogram.

branching is fory§—T;1 *—X31 *1 -, which gives a dilept
(V) E1>0.2M o ranching is fofy,— 1717 —x1 which gives a dilepton

(vi) no leptons, nd jets, no tau jets. end point at
The transverse momentum distribution of the leading jets
is shown in Fig. 10. The error in the mass is limited by the
systematics of understanding the production dynamics and
the SUSY backgrounds. Studies of other caf&k have
shown that this distribution should enable a precision of
+50 GeV to be reached; it might be possible to achieve
+25 GeV in a high statistics study. TABLE Il. Results of the fit for the model parameters. The
assumed errors in GeV on the measured quantities are shown for
VII. DILEPTON FINAL STATES low and~high luminosity with two different assumptions about how
well the gg mass can be extracted from Fig. 10. The fitted values of
While the light gauginos decay almost entirely int(s, my, My, tang andA, are given for each case for both signseaf
the heavy ones can decay %4HTS ol Iﬂ}g 17, giv-  The theoretical plus experimental error on the light Higgs boson
ing opposite-sign, same-flavor leptons. The largest combine@lass is assumed to be 3 GeV.

2 2 2 2
(M%0=M7 ) (M —M70)
M MaX— 4 L L 1
I

5 =163.2 GeV.
M7

ALJSLILL S T L L B B B R B BRI L 10 fb ! 100 fb?!
B 7 77 edge 3.0 3.0 1.2 1.2
- ) Z mg— Mg 20 20 10 10
3000 - mg 60 60 30 30
a i m;, 50 25 25 12
= i
> ] u>0
% 2000 ]
@ ] mg 232+39  228+27 230t 30 22729
g i My 198+14 19511  196+10 195+ 9
w - tang 42+7 43+6 44+5.5 44+ 5
1000 7] Ao 0+200  0+180 161150  —60+140
T n<0
0 ot PN s A Do) P b b —‘
0 20 100 150 200 250 mo 230+37 232626  230:26 233+26
M, (GeV) My 20014  196-11 198+7 201+ 6
tang 42+7.3 42+7.1 45+6.2 45+6.1
FIG. 11. Reconstructed * x~ mass distribution.. The solid his- A, 0+270 0+270 —100+210 —150+200

togram shows the standard model background.
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There is of course a large background from leptonide-  likely to be dominated by the theoretical uncertainty on the
cays, but this can be canceled statistically by measuring thieigher order corrections; both the one-loop and the dominant
flavor-subtracted combinatiom'e +u*u~ —e“u™ as we two-loop effects have been calculated and are large. The
now demonstrate. present error is probably about3 GeV; this might be re-
Events were selected to have two leptons wiRy  ducedtox1 GeV with much more work. The ultimate limit
>10 GeV and|7|<2.5 in addition to the jet an cuts comes from the experimental error, abauf.2 GeV. The
described earlietsee Sec. lll: no tau requirement is applied effect of reducing this error is only apparent in the error of
here. Figure 11 shows the distribution in the™ .~ final  the fitted value of ta whose error is reduced by approxi-
state. A clear peak frord decay is visible that results from mately a factor of two if=1 GeV error on the Higgs boson
X5 and 'y} decays. The flavor-subtracted combinatite mass is useq. The tablg shows various assqmptiong, for the
+utpu —e*u” is shown in Fig. 12 and shows an excess€!Tors that might be achieved. The numbers in the first col-
extending to~160 GeV. Unlike the distributions involving Umn are conservative and will be achieved with the 10'fb

tau final states, this one can be extrapolated to high lumino<f integrated luminosity shown on the figures. The rightmost

ity operation which will surely be needed to extract a quan-olumn is an estimate of what might ultimately be achiev-
titative result from it. able. We caution the reader that the measurements involving

tau’s may not be possible at a luminosity of4@m 2s !
VIIl. DETERMINING SUSY PARAMETERS AND due to pileup eifects. Detailed investigation of the sensitivity
CONCLUSION to the assumect‘l’ mass is also needed at this level.
o o We can see from the table that, despite the fact that the
The presence of the dijet signal of Sec. VI implies thatiay momenta cannot be measured directly due to the pres-
mg=>my_.. Likewise the failure to observe a dilepton peak ence of neutrinos in their decays, we can still expect to infer
implies thatmg,R> nme. These results are used together withvalues of the underlying parameters with errors of better than
the assumed errors in the measured quantities to fit the mod&p%. Of course these errors are considerably poorer than
parameters. The values of the errorsnig—myg, mg, mg. those that we expect in cases where taus do not have to be
used[1]. Our encouraging result arises mainly from the very

and therr edge are shown in Table Il. We do not use theIar e statistical sample that LHC can produce for the case
information from Figs. 9 and 12 as we have not estimated the 9 P P

guantitative information that they could give. Two fits are considered.

shown since the sign ofc cannot be determined. This is  This work was supported in part by the Director, Office of

expected: a change of conventions can replaceu sgith Science, Office of High Energy and Nuclear Physics, Divi-

sgn(tanB), and tarB= oo are equivalent. sion of High Energy Physics of the U.S. Department of En-
We assume that the Higgs boson mass is measured via igsgy under Contracts DE-AC03-76SF00098 and DE-ACO02-

decay to two photons. The error on the Higgs boson mass 88CH10886.
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