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We study the dependence on farf the event kinematics of final states wighe /u " /e u™ +ESS

+jets, as expected ipp collisions at CERN LHC, within the framework of the minimal supergravity model.
With an increase of tag, the third generation sparticle masses andny; decrease due to the increase of the

tau and bottom Yukawa couplings. As a result, the gluino, top squark, sbottom, chargino, and neutralino decays
to third generation particles and sparticles are enhanced. Wit tamng, we observe a characteristic change

in the shape of the dilepton mass spectrai®e™/u " u~ +EF*+jets versue™ u ™ + ET"**+jets final states,
reflecting the presence of the decay$—T, gl ™ —x3l 17, x3—xJ "1~
— 777 X3, respectively. We exploit this effect for constraining the value of2af§0556-282199)06913-1

PACS numbes): 14.80.Ly, 04.65+e, 12.60.Jv, 13.85.Qk

*

, and )(g—w'l T:—>Xg7'+'r_, Xg

I. INTRODUCTION [4,5]. In [6] we worked out a method to determine the model
parametersn, andm;,, with fixed tang from an analysis of
There is general agreement that new particles predicted bihe event kinematics of final states with two same-flavor
Supersymmetl’j{SUSY) have to be found at the CERN Large Opposite_sigﬁ_ Efl_niss+ (jets), arising from the decayig
Hadron Collider(LHC), if the appealing conjecture of low T 075511730 20 1+1-30 with | = -

. . -l gl = X1, Xa— X1, with I=e, . Both in[4]
energy supersymmetry is correct. Therefore, the dlscovergnd n [6] the value of tar8 was taken to be<10. As
potential of LHC for SUSY particles has been studied exten-h inted . | i h '
sively [1]. owever, pointed out if7—-9] at large tarB (tanB=10) the

Within recent years it has became customary to study prot-au and bottom Yukawa couplin, ,= gmb,T/\/me cosp3

duction and decay of SUSY particles in the context of theM?Y become comparable to the electroweak gauge coupling

“minimal supergravity model"(MSUGRA) [2]. This model ~2nd even to the top Yukawa couplirig=gm,//2my sin 5.

has only five parameters allowing one to study systemati®'S @ consequence, gluino, top squark, sbottom, chargino, and

cally the whole parameter space. The MSUGRA model isrlleutralino decays into third_generation particles and spar-
based on the minimal supersymmetric extension of the stariC!€S are enhanced when taris large[9,10]. These features

dard model(MSSM), which has the minimal possible par- make the expected experimental signatures very different

ticle content with two Higgs doubletdive physical Higgs oM those at low or moderate t#
bosons. The number of parameters of the MSSM is strongly ~ Exploiting the fact that decays inte's are enhanced at
reduced by assuming simple boundary conditions at théarge tan3, one can get information about the underlying
grand unified theory(GUT) point. The renormalization model framework. With this aim, if,10] the reconstruction
group equatioRGE) are then used to calculate the param-0of 7's by their hadronicdecays has been considered. In this
eters at the electroweak scale. A further strong constraint gfaper we study the decayg—7; 7 —xi7 7 and x3
the parameters is given by t_he requi_rement 9f _Sponta”e°“3}27+ 7, where ther's decayleptonicallyleading to final
electroweak symmetry breaking at this scakdiative elec- . . . miss
troweak symmetry breakingThe parameters which remain sta_tes with twadlffereqtflgvor opposne-S|g_n leptons Ex
arem,, the common scalar massMig 1= 10" GeV, my,, + jets as a charag:tensnc expenm_ental signature. o
the unifying gaugino mas#,, the common trilinear term at In Sec. Il we_d|scus§ the s_partlcle mass spect_rum within
Maur, tan8=v, /v, [with v4(v,) being the Higgs vacuum MSUGRA. Section Il is ded|cat~ed to a discussion of the
expectation value of the Higgs bosbtf(HJ)], and sgnf), production and leptonic decays gf in the MSUGRA pa-
n being the Higgsino mass parameter. This model is incorrameter space. In Sec. IV we work out a method to constrain
porated in the Monte Carlo generatsnJET [3], which is  the parameter ta@ by analyzing the shape of the invariant
used in our analysis. mass distributions in two same- and different-flavor
A systematic study of all possible signals at LHC as aopposite-sign leptons- ET"*° + jets channels. We summa-
function of the MSUGRA parameter space was carried out irrize our results and give some conclusions in Sec. V.
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II. SPARTICLE MASSES IN MSUGRA

The masses of the sfermiofsjuarks and sleptonsf the
first two generations are given by the RGE]]:

mTZRZ mg+ 015“%/2_ S|n2 awD,

oY)

m,?L: mZ+0.52m2,— 1/2(1— 2 sir? 6,,)D, 2)

mZ=m3+0.52m? ,+ 1/2D, 3)

2 .
m; = m3+(0.07+c)m?,+ 2/3 sirf 6,,D,

(4)

©)

ng: mZ+(0.02+ c)m?2,,— 1/3sirf D,

mng M3+ (0.47+c)mZ,+ (1/2— 2/3sirf 6,)D,  (6)

2

mg, = m3a+ (0.47+c)m?,— (1/2— 1/3 sirf 6,,)D,

(@)

whereD = M%cos%’ and 4.5<¢c<6. In the third generation
of sfermionsf the?,_—?R mixing may play an important

role. The mass matrix in the basiEL(,fR) with f=t,b,7 is
given by

2
) m_f‘L asMg
M7= 2 | (8)
army Mg
with
2 2 i
m; = M&r+ m3 cos 28(15, —e;sir? ) +mZ,  (9)
2 2 i
m; =M 55" m3 cos 28e; sir? 6y, +m?, (10
(As— p cotB)m; for ~f=?,
asms= v T~
(Ai—uptanB)me  for  f=b,7, (13)

wherelf3 is the third component of the weak isospin axd
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ME < =12Am? +m? )T 12,/(m; —m7 )+4amy.
172 L R L R
(12

In addition, one expects from the RGE that due to the
Yukawa interactions the soft SUSY breaking masses
Ma.1.0.5.& Of the 3rd generation sfermions are smaller than
those of the 1st and 2nd generation. As in MSUGRA is
quite generally large|u|>M), the parameteA; does not
play a crucial role, especially for large tgnn the case ob

and7. We therefore have takeh=0 in this study.

Within the MSSM the masses of the charginos and neu-
tralinos are determined by the parametérs m;,,(M;), u«,
tang using

5
Mlzgtanz 6M=0.5M, (13)

M, being theU(1) gaugino mass. In MSUGRA one has
quite generally the following mass spectrum:
MR0== MG+ =2 0=M = 0.8my 5, Myo=m5o= |l
(14

In this modely? is almost a puré-ino andy> almost a
pure W2-ino. }f also has a strong gaugino component. On

the other hand, the heavier stajgs x5, x, are Higgsino-
like. The gluino mass is given by

as
mé=a—2|\/|23|\/|224m1,2

(15

Ill. PRODUCTION AND LEPTONIC DECAY OF }2
AT LARGE tan g

At a hadron collider the neutralingg are dominantly
produced in the decay chain of massive gluinos and squarks,
for instance g—qqx’ or Gi—qx?, i=1,4, and x}
—x22% j=2,4,k=1,j—1. These decays have been studied
extensively for tagg=<10 in[12]. Squarks and gluino decays
for tanB=10 have been discussed first[i®]. The collider
phenomenology with large tgh has been quite generally
discussed inh7,9], including the chargino and neutralino de-
cays. There are two features which play an important role at
large targ. First, as shown in Sec. Il the sbottdm and stau
71 become lighter. Second, the Yukawa coupling® ahd 7
fbyT:gmb’T/\/ichos,B increase with tap. Both effects
lead to a significant enhancement of sbottom and top squark
production and of decays of gluinos, stops, sbottoms, chargi-
nos, and neutralinos into third generation particles and spar-

ticles. In particular, the branching ratios of tﬁ% to (s)tau’s

soft SUSY-breaking parameters. Note that the mixing termye jncreasing for large tahwith respect to the correspond-

(11) is proportional to the fermion mass and goénters in
the case of the top squark and j&ann that of the sbottom

ing decays intds)electrons ands)muons. In Fig. 1 we show
the maximum possible branching ratio valu¢®r mg

and the stau. Therefore, strong mixing is expected for the top:500 GeV, m;,<900 GeV, x<0) of the following lep-
squarks, but mixing may also be important for shottom anqonic decays ofS, as a function of tag:
stau if tang is large (tan3=10) so that one mass eigenstate 2 '

can be rather light. The mass eigenstai@sand?z with
massesri;, andni, are obtained by diagonalizing the matrix

(8):

Xo—- X1, (16)

17

~0 ~
Xo— 1,
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FIG 1. The maximum branching ratio of the deca(w P

X (b) )(2—>|*|+ (© X2—>|*|+ (d) Xx3—77 7", and (e)
Xg—W 7 X3 with I=e and u, for Ag=0, u>0. 0 50 100 150 200 250 300 350 400 450 500
m, (GeV)
Xo—Tgl (18) i ion i ing ratios i
X2 1Rl FIG. 2. Contour lines for cross-section times branching ratios in

wherel =e and x, and the (mo,myy,) plane for indirect and associatgg production fol-

lowed by decaysyd—1x17—¥%*1~ (solid line), Xz—>X0| I~
~ ~ (dotted ling, Xo—7i 7 =1 7 x2—=I vl 1r,x? (dashed-
X2 T 19 Gotted ling, and Y5— 7" 7 x%—1 "yl mr.x? (short dashed
line) }g—ﬁfl*—wll |~ (long dashed linewith I=e and u, for
Xo—1 XS, (200  tanB=10, A;=0, u>0.

In MSUGRA wheny? decays into sleptons are kinemati- final states with two leptons with opposite charge and the
cally allowed, the sleptons then decay directly into the light-Same flavorwhereas with tapg= 10 that contribution is neg-
est supersymmetric particléLSP) with B(I"x—x3*) ligible compared to that fromyg—17ql™—1"17x?, X3
=100% andB(7,— 7x2) ~100%. —1717%2 with I=e, 1. However, the distinctive feature of

As can be seen in Fig. 1, the branching ratio \df  the x5 decays intor’s is that they also lead to final states

—7,7 can even become 100% for t&e= 10, if this channel ~ With two opposite sign budifferent flavorleptons.

is the only two-body decay channel kinematically allowed. In Fig. 2 we show for tag=10, »>0 in the (Mg, my)
Furthermore, the branching ratio of the three-body decayplane contour lines for cross-section times branching ratios
X3—X07" 7~ can go up to 90%. It does not reach 100% (oxB) for production of ¥ followed by decaysy)

because there are always competing other three-particle de_—,TLiR|i_,|+|f’;(g, ;(g_,ﬁr;(g, ;(g_,;lt ot 7'7;((1)

cay channels, in particulggs— x°bb. The 7's decay asr~ | ol T Yo X 0= 1yl T xd, with |
—»e*7e T,M*ZLV with a branching ratio of 17.8% and =e and u. As in the low tan3 case we can again define
17 4%, TESDEC“VG"Y Therefore Wlth 8 10 the decays three kinematical domains, determined by the masseg of
X2—> T T T X1 andy )(2—>7' T X1 give a contribution to  and the sleptonfs], with the characteristic decays

domain 1 (me=0.6my,,my,;<250 GeV: mro=nm, , with Xo—x3 and x9— %77,
domain 1 (0.3my,=Mg=0.6my,):  Mj <myo<nf, with X—Tgl and x3—77,
domain Il (Me=0.3my;,): mMyo=my , with [CANNE
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In domains | and Il there is an additional source of tWOCan observe a Significant decreaseoof B values for}g
opposite-sign lepton final states from decays to tau’s and T |+|—~)}o decays. For tap=25
l . _~

. : \ I—1%1"%2 and x3
stau’s, respectively, if ta@=10. In domain Il the decays _ “R i(é X2 : ,
20 T | and 20—+ would be kinematically allowed. As the domain fory,— 1| gl almost disappears due to the domi-
X2 IR X2 TaT y nance of the decaygy— 7,7, see Fig. 1. This can be seen in

Z(g i‘i almost aWe-ino these decays are suppressed becausieig_ 3 where we show the same as in Fig. 2, but for@an
71=1TRr. Moreover, comparing to the t@#+2 case[6], one  =35. Here we have only two domains left which are

domain | (me=my,my,; <250 GeVj: myo=nt,, with Xo—x3 and x9— 277,

. _ L ~p ~
domain Il (0.5my,=<mg=m,;,): N, < myo<Ty, with y;—7(7.

Moreover, as one can see comparing Figs. 2 and 3, théetector properties we want to investigate, and are the only
upper theoretically excluded area is increasing with@an practical ones in view of the multiplicity and complexity of
This is due to the fact that the stau lepton mass becomese final state signal and background channels studied. The
lighter than that of? with values ofm, andm;, decreasing. essential ingredients for the investigation of SUSY channels

Another interesting feature appearing at large@da the  are the response to jets7 ", the lepton identification and
enhanced yield o2°. This is due to three factors: the larger isolation capabilities of the detector, and the capability to tag

roduction cross section fdr;b, because of the smallér; b jets. The CMS detector simulation progratmsJeT 3.2
P 1 1 [16] is used. It contains all significant detector response as-

mass, the enhanced branching raticdgé-x3 /o due to the  pects, calorimeter acceptances and resolutions, granularity,
Yukawa coupling ofb to the Higgsino component 5{2'4, main detector cracks, and effects of magnetic field. For more
and to the decay$,—2Z%? ,. details we refer to Refg6,5].

Furthermore, in the regiom,,,=250 GeV, where the de-
cay xa— 2% is kinematically possible, it is generally en-
hanced compared to low t#h because of the larger
Higgsino component of5 andx? at large tarB. There is
also a narrow band 260 Ge¥m,,<=305 GeV, where the 400 - .
decayy9—z% is the only two-particle decay kinematically tanf = 35,A, =0
possible because the masshSfis larger at large tag. 50 pQ 7

500

450 - .

300 -

4 0.1 pb
250 ~ =
i/ \0-1pb 5(‘2°—>%;’|.L+u_&)z:’e*e_
~ 200 V) A\ -
At low tang, the decays ofyJ to (s)electrons and N s
(s)muons, Egs(16)—(18), dominate over those int@)tau’s, sk A Vo
Egs. (19), (20), leading to electron and muon pairs in the
final states, see Fig. 1. The favored signature to select tht 100
decay channels Eq$16)—(18) is given by twosame-flavor
opposite-sign leptons ET"**+ jets final state$SFOS. As is
known from previous work$13,14,3, the invariant mass
distribution of the two leptons has a pronounced edge at the 85 b 06 00 B0 o5 500 So) 40 458 50U
kinematical end-point. With increase of t@rnthe decays to m, (GeV)
third generation(s)particles[Eqgs. (19), (20)] are increasing.
To select these decays we use the event topology of two FIG. 3. Contour lines for cross-section times branching ratios in

IV. CONSTRAINING tan 8

My (GeV)

A. Signatures

50

different-flavoropposite-sign leptons ET">+ jets (DFOS. the (mg,myy,) plane for indirect and associatgd production fol-
_ _ _ lowed by decaysy—1Tql*—x31 1" (solid ling, X3—x31 "1~
B. Signal and background event simulation (dotted ling, X3—7r7 o7 7 Y= vvl 1p.x? (dashed-

The simulations are done at the particle level with paramdotted ling, and x3— 7" 7 x3—1" v v vvx] (short dashed
etrized detector responses based on detailed detector simulge) Y3—1;17—%% "1~ (long dashed linewith |=e and x, for
tions. These parametrizations are adequate for the level @ng=35, A;=0, u>0.
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me=100 GeV, m, ;=190 CeV

My=100 GV, M= 190 GV
#>0, A=0

130, A=0
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- 3 At
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FIG. 4. The invariant mass distributions ef e~ and u*u~
(solid line) and e* ™ (dotted ling lepton pairs at the poinin
=100 GeV, my»=190 GeV, u>0, Ayg=0 with various tarB
=2,10,15,25. SM background is also shoiratched histograjm

PHYSICAL REVIEW D60 035008

significantly to the final states considered for &= 10.
Thus, in Figs. 4a)—4(d) one can observe a characteristic
change of the dilepton mass shape in the SFOS and DFOS
channels with increase of t#h reflecting the appearance or
disappearance of the corresponding decay modes.

For low tang (=10), a pronounced edge is visible in the
M+~ distribution in the SFOS channel with the maximum
at[14]:

2 2 2 2
(nr};(o—rrrI )(my —m;(o)
Mmax _ 2 R R 1
+1— 1]
(| mT

(21)

R

while no characteristic structure in thd,+,'- spectrum is
expected in the DFOS case, see Fi@) 4or tanB=2. In the
DFOS case the difference in magnitu@®t not in shape
between theM,+, - spectrum predicted by the SM and that
by MSUGRA is due to internal SUSY background. The larg-

est SM background is due ta production, with bothW's
decaying into leptons, or one of the leptons frovalecay
and the other from th® decay of the samé quark. As a
consequence the SM background equally contributes to
SFOS and DFOS channels giving similar dilepton mass dis-
tributions. Hence in the figures we plot SM dilepton mass for
SFOS channel only. SUSY SFOS and DFOS lepton pairs
originate mainly from the decays of the charginos and neu-
tralinos produced in the decay chains of gluinos and squarks.
For example, at thisniy,m;;,) point wheremg>ny, gluino
dominantly decays to squarks, while squarks decay weakly

to charginos and neutralinoBB(aq}fq’)~60%, B(q
—x99)~30%)]. The largest SUSY background contribution
to SFOS and DFOS channels in this case comes from inde-

Standard model background processes are generated Wifandent decays of gluinos and squarks to leptons, one lepton

PYTHIA 5.7 [15]. We use CTEQ2L structure functions. The
largest background is due té production. We also consid-
ered other standard mod@&M) backgroundsW-+ jets, WW,
WZ, Z+jets, ZZ,bb, and r7-pair production, with decays
into electrons and muons.

C. The shape of the dilepton mass distribution in the
MSUGRA parameter space

originating from squark decays via charginos and the second
from a decay chain of a gluino within the acceptance of the
detector. These decays contribute equally also to
e"e & u ™, e u finals states. The dilepton channels
get also contributions from multilepton decays of gluinos
and squarks proceeding through heavier charginos or neu-
tralinos, or fromt,b,Z,W, with some leptons being outside
acceptance.

Figure 4b) is as Fig. 4a), but for tang=10. In compari-

In this section we will analyze the shape of the invariantson to the tag=2 case one can see a decrease of the sta-

mass distribution of the two leptohs- e, ., coming from the
X5 decays, Eqs(16)—(20), considering SFOS and DFOS

tistics in both the SFOS and DFOS channels for the same
integrated luminosity of %10° pb™!. In both SFOS and

channels. To this purpose we have investigated the expect&@FOS final states, the event rates are by an order of magni-
dilepton invariant mass distributions for different values oftude larger than those according to SM expectations. More-

the parameterey, my;,, tang, with u>0.
In Figs. 4a)—4(d) we show the invariant mass distribu-

over, a pronounced deviation in the shape ofithe,’-spec-
trum from the expected SM and SUSY background is

tions of the two leptons in the SFOS and DFOS channels atbservable in the low mass region. The corresponding

a point my=100 GeV, my,=190 GeV, for tarB
=2, 10, 15, 25, respectivelyu(>0). The mass spectrum
at this point is m;(t2>%140 GeV, m;gw?S GeV,
~132 GeV, butm; decreases from 124 GeV to 91 GeV

with the increase of tas.
At this (mg,m;,,) point, which belongs to domain I, the

two-step decayg9— 151" —171-X? are possible for tap
<25, but the decaygs— 7; 7" — 7" 7 xJ start to contribute

M,+,- spectrum due to thg decays to stau’s should have
a maximum at

2
m~o)

2 2 2
V(g m: )~

max __
M ot

(22

m;l

The edge of the ditau spectrum is shifted fravi{ <
=37 GeV toMT_=51 GeV due to the mass difference
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betweenl r and7;, see Egs(21) and(22). But the spectrum
of the DFOS channel proceeding through»| vv decays is
not so pronounced as in the SFOS channel having no sharp
edge due to the missing momentum taken by four neutrinos

from 7 decays. Therefore the | '“mass is distributed in the
lower mass region, below the expected ditau kinematical end
point. Thus, a distinctive feature of tiv,+,'—spectrum is an
enhancement in both shape and magnitude over background
in the low mass rang€‘low-mass enhancemeny’

A further characteristic difference in the dilepton mass
spectrum compared to t@h=2 is the appearance of 2°
peak in the SFOS channel, which can clearly be seen in Fig.

4(b). Here thez® peak is due to the decayg—Z%%a3, as
explained in Sec. Ill. i
With a further increase of ta, due to the significant 6 56 155 e =00 250 304

increase of)}g decays into stau’s and the corresponding de- M(I"I") (GeV)
crease of decays into selectrons and smuons, we observe a b e .
deterioration of the sharpness of the edge also in the SFOS EllGdoséeTcer?] e::é% "éeQe - 0 dlzmilém;n;t tg’;fig‘t
channel, see Fig.(4) for tang=15. Another consequence of . " Fig. "qc)_l’z M P

the change in the relative branching fractions of these decays
is that the event rate difference between the SFOS and DFOS. . . . _
channels decreases. This effect is visible by comparing Figé’Y'th the same kinematical cuts. In Fig. 5 we plete

e : -
A(b) and 4c). Figure 4c) also exhibits a decrease of the +H # —€ u” eventsfor theifiy,my;) point shown in Fig.

relative event rate below the two peaks frah—11/7,7 and f(c).f: clear signal can be seen from bo—1xI" and
12—27%2 decays. x3— g™ decays. Two edges am*=38 GeV and

Finally, at tan8=25, Fig. 4d), when the decays into M2 =224 GeV are observed due j—151* and x5
stau’s are '_the only dec_ay modes contnbutmg to the flnaI_)T§|:, respectively.
states considered, the dilepton mass spectra in the SFOS andFor comparison of the dilepton mass spectra at this
DFOS channels become similar with complete disappearan s, My, point we used a common set of cuts for all val-
of sharp edges but a strong low-mass enhancement, and the

i ; ad1 o
corresponding event rates become comparable. The lowWi€S ©Of tans, requiring two hard isolated leptons withi;

massl *1~ peak and th&® peak are of the same magnitude. =10 GeV in |77|§i§-4’ accompanied by large transverse
Figure 4 clearly shows an excess of SFOS versus DFO&issing energyET*>150 GeV and jet multiplicityNe

- —_ . jet . . g )
events beyond th& mass, originating fronﬁ—»lL,Rl de- ii %Mt?h'energyltzr =60 ﬁe?all n E[h? raﬁ'd'ty rapg¢7ﬁet5|
cays. This effect shows up at t8r=10 due to an enhance- 3. This point is reachable at low luminositg, =

70 Croduction f i q ‘ i d>< 10° pb~* even at the largest tgh shown. We used softer
ir::esrgé) )I(li1 production from gluinos and squarks as explainedy, i piotting thee™ e + 1" 1 —e* u* distribution in Fig.

. I , 5 as SM background cancels with such a procedure. More
Let us discuss possibilities to separate neutralino decay§pecifically thresholds on missing energy and jet multiplicity

into (s)electronsfs)muons from those int¢s)tau’s and to re- are decreased in this case E@]iss> 100 GeV andN..=2
/ ; = =2,
duce internal SUSY and SM backgrounds. The signal froml.he observability of the edges in both the SFOS and DFOS

neutralino decays intqs)electons/simuons shows up in . . o
. . : . channels is estimated by the criterioNg,— Ng)/Ngy=5
SFOS topology, while the signal from neutralino decays into nd (Ney—Ng)/Ng=1.3, whereN, is the number of events

(s)tau’s feeds equally both SFOS and DFOS final states. Ag_  ppmax .
discussed above, the internal SUSY background has effedith Mi+i()-<M:j)-, andNg is number of the expected
tively an equal contribution to twsame-flavor opposite-sign SM and SUSY background events in the same mass range. In
leptons+ EM*+ jets, two different-flavor opposite-sigiep- ~ case the edge is not very sharp due to the dominangg of
tons+ E$i53+ jets, two same-flavor same-signleptons decays to stau’s, we estimate in practice the kinematical
+EMS34 jets (SFSS and twodifferent-flavor same-sigtep- ~ “end points” M/:{* andM {7 subtracting SUSY and SM
tons+ Eq‘issﬂets (DFSS channels. Therefore the SUSY background by the event sample with the same kinematics,
background can be estimated with SFSS or DFSS everiut containing two same-sign leptons for the DFOS channel,
samples which get no contribution from signal and a negli-or different-flavor events for the SFOS channel, normalized
gible contribution fromtt. Channels with SFOS and DFOS © the nonthreshold region. The_ precision of th_e kinematical
dileptons get equal contributions from SM events duétto end-point measurement in this case is estimated to be
max max
process. Thus, to separate signal from neutralino decays into® G€V for My ¢)-=50 Gev. ForM,,(,-=50 GeV
(s)electrongfsimuons from that intos)tau’s and to reduce the mass difference betwee(rg and the sleptons is larger,
SM background we subtract DFOS from SFOS event sampland the neutrinos can have larger momentum. In this case the

my=100 GeV, m,,=190 GeV
w>0, Ay=0
tang=15

o
\H‘m

Liw=5%10% pb~*

EVENTS /10 GeV

o
N
T
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%10:— TR0 Ge 20 0 3450 ] m,=220<;ev,>n;,,:=zgocev =60 Ge\{ in.| 7jet|<4:5. The parameter regign reachgble at
H 2) tang=35 ;\’400 ] o tanB= 35 is limited witho X I%f; 0.01 p~b fory; dfecays into
2 5 b) tonf=35 stau’s andrXB~0.1 pb fory5—1717x3, see Fig. 3.
g Lu=5+10" pb™ G350 L
300 Lu=5+10" pb™ V. SUMMARY AND CONCLUSIONS

20 In this paper we worked out a method to constrain the

parameter ta of the minimal supergravity model ipp

collisions at LHC. The characteristic features arising with

increase of tap are (1) the Xg decay branching ratio into
(9)taus is increasing, whereas the decay fraction (g®lec-

0 50 100 150 200 250 300 0 - . trons and(s)muons is decreasing, artd) X3 production and

MO'T) (GeV) W('T) (GeV) decays intoz® are enhanced. The method is based on the
analysis of the dilepton mass distributions in the simplest

S, g

3’ m¢=SOOGe\:>WO\‘/:=2(5)OGeV >120 mo=zooce\:>n;.'/::go Gev expefimental Signatures,eJre’/,u*,Lf+E$"Ss+jets and
3 O tong=35 %00 . ei,L_f+E$'SS+jets. These signatures select different lep-
z £ A tang=35 tonic decays of the neutralinos and hence are sensitive to the
8o s La=5+10"pb” | B go | value of tanB. In particular, events withe®e /u™u"~
+ ET"%+jets final states mainly contain the decay products
s 60 - ba=107p0 from x> decays tqs)electrons angs)muons at low taB and
to leptonically decaying stau’s at large {@nMoreover, at
0 ___——-g or large tans, the chargnele*e*//ﬂ,uﬁrE?'SSJrjets allows
sl pllf one to measure th&” boson. At large tag the topology
g;[& with e* u ™+ ET"*%+ jets selects tau’s decaying leptonically.
0 50 100 150 200 350 300 0" 50 100 % 200 250 500 The dilepton mass distributions from the decays(dfto
M('T) (GeV) M(T) (GeV) (s)electrongfsimuons and tds)tau’s have different shapes.

The decays to(s)electrons and(simuons lead to a pro-
nounced edge at the kinematical end point inthe,- spec-
trum, while the edge due to the decays irfgitau’s with
tau’s decaying into electrons and muons is smeared out be-
cause of missing momentum taken away by four neutrinos.
The dilepton mass spectrum, however, has a pronounced
technique of reconstructing the kinematical end point re4ow-mass enhancement, a peak below the kinematical end
quires a more detailed study and is beyond the scope of thisoint. Therefore, the observation of a “low-mass enhance-
paper. ment” in shape and magnitude in the dilepton mass distribu-
To illustrate the behavior of th®l,+ |- andM,+'-spectra  tjon is regarded as evidence for stau lepton production, par-
at very large ta, we show in Fig. 6 variousnlp, My2) ticularly so in different flavor final states.
points with tans=35. Figure €a) clearly exhibits the simi- We have made use of the expected characteristic dilepton
larity of the dilepton mass spectra in the SFOS and DFO%nass shapes and event rates for identifying the correspond-
channels with comparable event rates, as expected at larggy decays and thus for constraining the value ofgarn
tanB from x5 two-body decays to staulslomain I)). Figure  important aspect of the method is that no particularly strin-
6(b) represents ani,, M;;,) point where three-body decays gent demands on detector performance are required for iden-
of X3 are possible. Here the two contributions from the de-lifying the tau’s from the decays of neutralinos even at high
cays Egs.(16) and (20) are visible in the SFOS channel, luminosity. Essential is the ability to_deflne and select iso-
L ~0 . , lated electrons and muons. Another important aspect of this
while in the DFOS channel only; decays into tau's are method is that it may give information on t@neven with
selected, see Fig.(I6). Figure &c) shows theM,+ - spec-

) low integrated luminosity.
trum at pointmy=800 GeV, m;,=250 GeV, tarB=35, We h%ve shown the %:)Ilowing.

>0 with the deC_aVSN{g—"Jr'_;(?, |=e,u. In Figs. Ga)— An edge in theM, +,- distribution is expected to be visible
6(c) the z° peak is higher than the “low-mass enhance-jn the e+e‘/,u+,u‘+E$“55+jets channel for tag=<25 in
ment” as being expected for large A 25. FOr My domain Il (0.3n,,,<my=0.6m,,), and for tanB=50 in do-
=450 GeV, Fig. &), there is only aZ” peak left, mainly  main | (my=0.6my,, m;,<250 GeV). The method to dif-

FIG. 6. The invariant mass distributions ef e~ and u*u~
(solid line and e*u* (dotted ling lepton pairs at various
(mg,my) points with tanB=35. SM background is also shown
(hatched histograin

<0 =0 ~
due to the decayx3—Z°x7 . o . ferentiate between two- and three-body decaysydfwas
To reach the iy, my;,) points shown in Fig. 6, a higher yiscussed in Ref6].
luminosity is necessaryLiy=5xX10*~10° pb~*. Corre- In the dilepton mass spectrum a clear deviation in shape

spondingly harder cuts on the leptons and the missing energynq magnitude from the SM and internal SUSY background
have to be applied: two isolated leptons Wilﬂfm? 10 is expected ine*u™+EP+jets final states with tag
—15 GeV, ET®>200-300 GeV, Ni=3 with Ef' =10

035008-7



D. DENEGRI, W. MAJEROTTO, AND L. RURUA PHYSICAL REVIEW D60 035008

Two components in the dilepton mass spectrum due t@ample very clean. This is especially useful if an edge due to

three—bod)&g decays to electrons and muons and to tau’s aré(g three-body decays is observed. The absenceZSf peak
observed for tapg=10. Combining the results of the analy- will restrict tanB to be<2. We have also analyzed the rela-
sis of the dilepton mass distributions ia" e /u*u™ tive event rate in the “low-mass peak” of thd,+ - spec-
+EMSSt jets versuse™ u ™ + ET"S+jets final states, we have trum and in thez® peak. If both peaks are of the same size
found the following criteria for constraining tghin domain  the value of tar8 should be=25.
Il. In the region 1&tanB=<25, tanB can be determined
Observation of an edge in the dilepton mass spectrum imore precisely by measuring the kinematical end points,
e"e & u’u +EMS+jets channels, but no deviation from M"l"’}’i intheete &utu~ spectrum andv1)7_ in the
SM and internal SUSY background in that f@ x™  e*u* spectrum. Knowing thev"2* contour line in the
+E7"* jets channel restricts tgito be <10. (mg,my,;) parameter plangs] with good precision, we can
Observation of an edge in the dilepton mass spectra iggnstrain tarﬁ by usmg the relative event rates
ete &,u “ ~+EMSS4 jets and a low-mass enhancement in (eTe & uTuT)INy(e*n™) and Ny(ete &utu)/
e”u” +ET"+jets channels constrains the value of gto 3(ZO) Here N; is the number of events withM+ -

10stanpB=<25. <MY, N, is the number of events withM -

Observation onl;ssthe similar dlleptonlssmass spectra wkafrf_, andNj is the number of events in the mass region
e"e & ut u” +ET+jets ande” u* + ET"%+jets channels

of 2% 86 GeV <m»<96 GeV. We have found that the
with comparable shapes and event rates, indicate® tan  , max : :
o5 M~ contour lines in the rfyy,m; ;) parameter plane are

The tanB ranges are estimated taking into account a SysaImost independent of tghdue to the fact that the masses of
tematic uncertainty on the measurement of the edge posmorrsg X1,1r do not strongly depend on tghin MSUGRA.
and of the end points of low mass threshold enhancements Quite generally, the observation of a characteristic devia-
(£0.5 GeV and+5 GeV, respectivelyat assumed lumi- tion in the dilepton mass shape from that predicted by the
nosities; the statistical error is taken into account comparingM background can be considered an evidence for physics
event rates in SFOS and DFOS spectra. A systematic error ®yond the standard model, in particular SUSY.
30% for SM background uncertaintthe main background
is tt) is included.

A further constraint of tagg can be found by measuring  L.R. is thankful for financial support by the Austrian
the Z° peak in thee"e™& " u ™ +ET™+jets channel. This Academy of Sciences. This work was also supported by the

channel has the advantage of getting no contribution frontFonds zur Faderung der Wissenschaftlichen Forschung”
SM background which makes the SUS¥ signal event of Austria, Project No. P10843-PHY.

ACKNOWLEDGMENTS

[1] H. Baer, X. Tata, and J. Woodside, Phys. Rev4f 142 LBNL-38997; H. Baer, X. Tata, and J. Woodside, Phys. Rev.
(1992; H. Baer, M. Bisset, X. Tata, and J. Woodsidgd. 46, D 53, 6241(1996.
303 (1992; A. Bartl, W. Majerotto, B. M@slacher, and N. [5] CMS presentation at the LHCC SUSY Workshop, CERN,
Oshimo, Z. Phys. &2, 477(199)); C. Albajaret al,, in Pro- Geneva, Switzerland, 1996, CMS Document 1996—(R9-

ceedings of the ECFA Large Hadron Collider Workshop SUSY); S. Abdullin etal, CMS Note 1998/006,
Aachen, Germany, 1990, edited by G. Jarlskog and D. Rein  hep-ph/9806366.
(CERN Report No. 90-10, Geneva, Switzerlgn&. Pauss, [6] D. Denegri, W. Majerotto, and L. Rurua, Phys. Rev.5B,

ibid.; H. Baeret al,, in Research Directions for the Decade, 095010(1998.
Proceedings of the Summer Stu8nowmass, Colorado, 1990, [7] H. Baer, C.-H. Chen, M. Drees, F. Paige, and X. Tata, Phys.
edited by E. BergetWorld Scientific, Singapore, 1992 Rev. Lett.79, 986 (1997).

[2] For more recent reviews see, e.g., M. Dine, hep-ph/9612389;[8] A. Bartl, W. Majerotto, and W. Porod, Z. Phys. &, 499
F. E. Paige, hep-ph/9801254; S. Dawson, hep-ph/9712464; J.  (1994); 68, 518(1995.
Gunion, hep-ph/9801417; R. Arnowitt and P. Nath, [9] H. Baer, C.-H. Chen, M. Drees, F. Paige, and X. Tata, Phys.

hep-ph/9708254; S. P. Martin, hep-ph/9709356. Rev. D58, 075008(1998.
[3] F. Paige and S. ProtopopescuSapercollider Physicsedited  [10] H. Baer, C.-H. Chen, M. Drees, F. Paige, and X. Tata, Phys.
by D. Soper(World Scientific, Singapore, 1986p. 41; H. Rev. D59, 055014(1999.

Baer, F. Paige, S. Protopopescu, and X. TatRroceedings [11] K. Inoue, A. Kakuto, H. Komatsu, and S. Takeshita, Prog.
of the Workshop on Physics at Current Accelerators and Su- Theor. Phys.68, 927 (1982; M. Drees and S. P. Martin,
percolliders edited by J. Hewett, A. White, and D. Zeppenfeld hep-ph/9504324.

(Argonne National Laboratory, Argonne, IL, 1993 [12] H. Baer, V. Barger, D. Karatas, and X. Tata, Phys. Re®6D
[4] H. Baer, C.-H. Chen, F. Paige, and X. Tata, Phys. Re®2D 96 (1987; R. M. Barnett, J. F. Gunion, and H. E. Haber, Phys.
2746 (1995; I. Hinchliffe and J. Womersley, Report No. Rev. Lett.60, 401 (1988; Phys. Rev. D37, 1892(1988; A.

035008-8



CONSTRAINING THE MINIMAL SUPERGRAVITY MODEL ... PHYSICAL REVIEW D60 035008

Bartl, W. Majerotto, B. Maslacher, N. Oshimo, and S. Stip- mass, Colorado, 1996, p. 710; A. Baetl al, Supersymmetry
pel, ibid. 43, 2214 (1991); A. Bartl, W. Majerotto, and W. at LHC, ibid., p. 693; J. Amundsoeet al., Report of the Su-
Porod, Z. Phys. B4, 499 (1994). persymmetry Theory Subgrouibid., p. 655; I. Hinchliffe, F.
[13] H. Baer, K. Hagiwara, and X. Tata, Phys. Rev.3B, 1598 E. Paige, M. D. Shapiro, J."8erqvist, and W. Yao, Phys. Rev.
(1987; H. Baer, D. D. Karatas, and X. Tat#id. 42, 2259 D 55, 5520(1997).
(1990 [Fig. 6(@]; H. Baer, C. Kao, and X. Tatépid. 48, 5175 [15] T. Sjostrand, Comput. Phys. CommuB9, 347 (1986; T.
(1993; H. Baer, C.-H. Chen, F. Paige, and X. Taitaid. 50, Sjostrand and M. Bengtssoribid. 43, 367 (1987); H. U.
4508 (1994). Bengtsson and T. Sgtrand,ibid. 46, 43 (1987; T. Sjostrand,

[14] F. Paige, Determining SUSY particle masses at LHC, Proceed-  Report No. CERN-TH.7112/93.
ings of the 1996 DPF/DPB Summer Study on High-Energy[16] S. Abdullin, A. Khanov, and N. Stepanov, Report No. CMS
Physics “New Directions for High-Energy Physics,” Snow- TN/94-180.

035008-9



