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B— XTI~ in the left-right supersymmetric model
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We analyze the flavor changing neutral current semileptonic dBeay *1~ in a fully left-right super-
symmetric model. We give explicit expressions for all the amplitudes involved in the process, and compare the
numerical results with experimental bounds, in both the constrained (edmae the only flavor violation
comes from the Cabibbo-Kobayashi-Maskawa matard the unconstrained cagecluding soft breaking
supersymmetry termsStringent constraints on the parameter space of the model are obtained. We also include
constraints fromb—sy.
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I. INTRODUCTION BR(B—Xqutu )<19.1x10°% at 90% C.L.,
Flavor changing neutral currenSCNC) and charge par- BR(B—X.e e )<10.1x10°® at 90% C.L.,
ity (CP) violating phenomena are some of the best probes (1)

for physics beyond the standard mod&M). All existing

measurements so far are consistent with the SM picture ineypically a factor of 3 away from the SM estimates, where
volving the Cabibbo-Kobayashi-Maskaw@KM) matrix as  the next-to-next-to leading logarithm{®NLO) calculations
the only source of flavor violation. In the SM, FCNC are to O(1/ay) [3] have appeared recently:

absent at the tree level, appear at one loop, but they are

effectively suppressed by the Glashow-lliopoulos-Maiani BR(B—Xut ™)< (4.15-0.70 X106,
(GIM) mechanism and small CKM angles. In supersymme-
try, there is no similar mechanism to suppress the loop con- BR(B—X.e'e )< (6.89+1.01)x 10 °. (2

tributions to either flavor oCP violating phenomena. Ex-
perimental studies of flavor physics, especiallyBimecays, Here we restrict ourselves to the analysis of inclusive pro-
appear essential for the understanding of the mechanism feesses only: in the case of exclusive decay rates, hadronic
supersymmetry breaking. With increased statistical power omatrix element uncertainties obscure model predictions.
experiments aB factories, rareB decays will be measured Semileptonic charmlesB decays have been studied pre-
very precisely. viously by many authors in the framework of supersymmet-
In this paper we investigate the relevance of new physicsic models with universal soft supersymmetry breaking terms
in the semileptonic inclusive decaB— X1~ in a fully  [4]. Recently an analysis of SUSY models with non-
left-right supersymmetric model. Investigation of the procesauniversal soft breaking terms at the grand unification scale
b— sy in this model has shown distinctive signs from the has appeared in Rgf]. Although attempts have been made
minimal supersymmetric standard mod#SSM) scenario  to reconcileb— sy with right-handedb-quark decay$6], a
[1]. An analysis oB— Xl "1~ would provide some comple- complete analysis d— X4l *I~ for a fully left-right super-
mentary information. The semileptonic deddy-X¢l 1~ is  symmetric model is still lacking.
a benchmark of charmlessdecays with strange particles in ~ The left-right supersymmetricLRSUSY) models[7,8],
the final state. The process is experimentally clean, but thbased on the symmetry groupSU(2), XSU(2)g
expected SM branching ratio in the 10-10"° region X U(1)g_., incorporate the advantages of supersymmetry
makes it not easily detectable Btfactories. Therefore it with a natural framework for allowing neutrino masses
provides for excellent opportunities to test physics beyondhrough the seesaw mechani$f. Various other scenarios
the SM. It also offers more detailed information about theincorporate some forms of the left-right symmetry within
flavor structure of the model; it provides a good test of thesupersymmetry. LRSUSY models have the attractive feature
structure of the&Zbsvertex, making it particularly well suited that they can be embedded in a supersymmetric grand unified
to distinguish the left-right symmetry over the MSSM. theory such asSQ(10) [10], while not bound by lepton
Experimentally, BELLE has recently announced the firstquark unification. They would also appear in model building
evidence for the exclusive process—K*|"1~. BABAR realistic brane worlds from type | strings. This involves the
and BELLE have bounds faB— (K,K*)+(e*e ,u"u") left-right supersymmetry, with supersymmetry broken either
which are very close to the SM estimates. Experimentallyat the string scaleMgygy=10%"2GeV, or at Mgysy
for the inclusive decays the bounds on the branching ratios=1 TeV, the difference having implications for the gauge
are[2] unification[11].
In this paper we study all contributions of the LRSUSY
model to the branching ratio and the asymmetry Bf
*Email address: mfrank@vax2.concordia.ca —Xd 1~ at the one-loop level. The decay can be mediated
TEmail address: sxnie@alcor.concordia.ca by the left-handed and right-handed W and Z bosons, and by
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charged Higgs bosons as in the nonsupersymmetric case, higght-handed fermions and their corresponding left- and
also by charginos, neutralinos and gluinos. The structure ofight-handed scalar partneisleptons and squarkgs]. In the
the LRSUSY model provides a significant contribution to thegauge sector, corresponding $dJ(2), and SU(2)g, there
decayB— XJ "1~ from the right-handed squarks and an en-gre triplet gauge bosond\(*, W~ , WO, , (W' W~ ,WO)g,
larged gaugino-Higgsino sector with right-handed couplingsrespectively, and a singlet gauge bo3smrorresponding to

which is not as constrained as the right-handed gauge sectgy(1),_, , together with their superpartners. The Higgs sec-
in the LRSUSY model. We anticipate that these could conyoy of this model consists of two Higgs bidoublets,

tribute a large enhancement of the decay rate and would ,; ; 11 . . .
constrain some of the parameters of the model. g)u(i’ivo) and ®4(3,7,0), which are required to give

The paper is organized as follows. We describe the strudn@sses to the up and down quarks. The spontaneous symme-
ture of the model in Sec. II, with particular emphasis on thel’y Preaking of the grousU(2)gxU(1)g- to the hyper-
gaugino-Higgsino and squark structure. In Sec. Ill, we givecharge symmetry group)(1)y is accomplished by giving
the supersymmetric contributions in the LRSUSY model toVacuum expectation values to a pair of Higgs triplet fields
the decayB— Xl *1~. We confront the calculation with ex- A1(1,0,2) andAg(0,1,2), which transform as the adjoint
perimental results in Sec. IV, where we present the numericdEPresentation dU(2)g. The choice of two tripletéversus
analysis to constrain the parameters of the model for twdour doublets is preferred because with this choice a large
scenarios: one with the CKM flavor mixing only, the other Majorana mass can be generatétirough the see-saw

including supersymmetric soft breaking flavor violation Mechanism for the right-handed neutrino and a small one
terms. We reach our conclusions in Sec. V. for the left-handed neutringd]. In addition to the triplets

A, g, the model must contain two additional triplets,

6.(1,0~2) and 8x(0,1,—2), with quantum numbeB—L

= —2, to insure cancellation of the anomalies which would
The LRSUSY electroweak symmetry grougU(2), otherwise occur in the fermionic sector. The superpotential

XSU(2)gXU(1)g_. , has matter doublets for both left- and for the LRSUSY model is

Il. THE MODEL

Wirsusy™ hg)QTTzq)i 72Q+hLT7,®; 7,L S+ i (h gL T 7oA L +h gL TmARLE) + M g Tr(A 8 + ArdR)]
+ i Tr( 7@ 7o®;) + Wy, (3

where Wyr denotes (possiblg¢ non-renormalizable terms by, _(ZE), and—(Zg). The model also has eleven neu-

arising from higher scale physics or Planck scale effg®$ l ; 5 Nor N B0 H0 O

The presence of these terms insures that, when the SUS%'”E%’ Ecz)rrispondlrlg @z, Azis Ay, Purr Puze bar
3, A, AR, 8), and8y. AlthoughA, is not necessary for

breaking scale is abovkl,,_, the ground state is R-parity , e
R symmetry breaking14], and is introduced only for preserv-

conserving 13]. ) . = L
The neutral Higgs fields acquire nonzero vacuum expecind the left-right symmetry, botd (A, ) and its right-

tation valuegVEV’s) through spontaneous symmetry break-handed counterpartsy ~ (Ag ~) play very important roles in
ing lepton phenomenology of the LRSUSY model. The doubly
charged Higgs bosons and Higgsinos do not affect quark
0 O phenomenology, but the neutral and singly charged compo-
<A>L,R:<UL o 0), nents do, through mixings in the chargino and neutralino

mass matrices. We include only tide; contribution in the
Ku g 0 numerical analysis.
(P)u,a= ( S iw) : The supersymmetric sources of flavor violation in the LR-
0 Kyge SUSY model come from either the Yukawa potential or the

. . trilinear scalar couplings. The interactions of fermions with
(P)ya cause the mixing ofW, and Wg bosons with  gcaiar(Higgs fields have the following form:
CP-violating phasew, which is set to zero in the analysis.

The nonzero Higgs VEV'’s break both parity aBt(2)g. In _ —

the first stage of breaking, the right-handed gauge bosons, Ly=hQLP QrthyQLP¢Qr
Wg and Zi acquire masses proportional #g and become
much heavier than the SNleft-handedl gauge boson&V,
andZ, , which pick up masses proportional &g and «,4 at

+h,L ®,Lg+hel PyLr+H.C.,

the second stage of breaking. »’JM:ihLR(LICﬂTzALLL
In the supersymmetric sector of the model there are six ;
singly charged charginos, correspondingNp, \g, ¢y, +LgC ™ rpAgLR) +H.C,, 4
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whereh,, hy, h, andh, are the Yukawa couplings for the up w H

and down quarks and neutrino and electron, respectively, ani N s .

h g is the coupling for the triplet Higgs bosons. The left- ® ;' Uy o $ ’ Y

right symmetry requires ali-matrices to be Hermitian in the + *
generation space and theg matrix to be symmetric. In the Yz
universal case, there is no intergenerational mixings for

squarks and the only source of flavor mixing comes from the 0 1'
CKM matrix. We will analyze this case first. Next we will

look at the case in which intergenerational mixings in the % g, X
squark sector are permitted and consider the effect of inter-

generational mixings on the rate of the proceBs s b
— XTI
1* Y 7 1*
I1l. THE ANALYTIC FORMULAS > TLR
The effective Hamiltonian for the decad— X *1~ at I i

the scalex in the LRSUSY model is given by o L B
FIG. 1. Penguin diagrams which induce the debays|*l~ in

the LRSUSY model. The outgoing photon and Z boson lines can be

4G ~ ~ . :
Her=— ﬁKtngZ [Ci(w)Qi(w)+Ti(w)Qi(w)].  attached in all possible ways.
1
©) A. The photon monopole and penguin graphs
The operators relevant to the processssl™l~ in the The penguin monopole and dipole graphs are presented in
LRSUSY model are Fig. 1. We first give the contributions for the constrained
. . model, i.e., assuming the CKM matrix is the only source of
Q,=my(q,/g?)(si 0 ,,PrD)(1y,1), flavor violation. The left-handed monopole contributions are
5 o - given by
Q7:mb(qv/q2)(8ia,uvPLb)(l 7M|)1
— — Al o Ly +F
Qo=(5y,PLb)(1y,D), sMTT 5 M2, 1Kt Xewl QuF 7(Xew) + Fg(Xew) |
L
Qo=(57,,PrD)(17,1), 2 [in(xaw) m2 o
B o +§ 1 -1+l — |+l = , (7
Q0= (5¥,,PLb)(17,.7l), Xow M )\
Qu0=(57,Prb) (17, s)).- (6) w1
) . ~ o AhE:_ 2 ——K{KipXen
The Wilson coefficient<C; and C; are initially evaluated at MwL
the electroweak or soft supersymmetry breaking scale, then
evolved down to the scalg. In the SM and constrained x cof BLQuF 5(Xin) — Fe(Xu) ], 8
SUSY modelsQ; contributions are generally suppressed by
O(ms/m,) compared with the contributions fro@; . How- S 5 1
ever this is not the case in generic SUSY models such as A L= —awa 21 kZl F
non-universal models. In Ref5] the operatorQ; was in- : Uy
cluded in the analysis. Due to the left-right symmetry, we are % (ijb_ ijb)(G*jks_ H ks
motivated to consider all contributions from both chirality UL TURAAEUL UR
operators. X[QuF sz 5,) ~ Fs(%:5,)], 9

The decaypb—slI*1~ can be mediated by either the pho-
ton or theZ, ,Zg bosons, or it can proceed through the box
diagrams. As in the MSSM, th&, boson contributions L *ks
dominate where there is expli®U(2), symmetry breaking, Ay =— zasaC(R)Qde — T T hF e Xgd,)
and theZg boson contributions are important where there is - M (10
explicit SU(2)r symmetry breaking, i.e., both cases in which

6

left and right squarks occur in the same loop diagram. In n S 5 1 .

these cases, thé diagrams are enhanced lmyﬁ/M% with Aco=—awaQq 2 2 2 (V2G GhoL—Hb5R)

respect to the photon graphs. This could be an order of mag- T m

nitude for the regulaZ, boson, but only of order 1 for the xks_ ks

Zg boson. We describe these contributions in detail below. X(\/EGODL Hoor)Fe(X5 k) D
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The monopole contributions wittV, replaced bywg, as in 6

1
the left-right symmetric mode(LRM), are suppressed by AgRZ—ZaSaC(R)QdE —ZFE"RFBESFG(XBEI(), (13
M\Z,\,L/M\Z,\,R and thus negligible. The only RR monopole con- k=1 mg

tributions then come from the supersymmetric sector

9 6
ASS=— awaQq Z 2 2 (\/—G{)kSJR HES

5 6 X
e —aya E 2 .
AL X (V2GEHR—H 3.5KS>F6<XX o,)- (14)
X (GLR—HID(GHES—HE) The dipole LR and RL contributions can be obtained by mul-
tiplying the contributions to the dec sy by the factor
X[QuFe(x; 5)—Fsi 5], (12 pA Woov by
aayy 1
ASi=—5 o KisKi3xuwl QuF 1 (Xow) + Fo(xiw)] (15)
W
aay 1
AhFi:TM KK ioXen{Cof B[ QuF 1(Xe) + Fa(Xer) 1+ [ QuF 3(Xew) + Fa(Xu) 1}, (16)
WL
AéR——ZaastC(mE [ B (X, )——gr TBCFa(x, )} (17)
dk
° 1
R=—aay2, 2 —2[ 00— HER (GE e~ HEEIIF106:5,) + QuF 26,51
J=1 k=1 mak J
LU .
+m—;(G{,k§—Hka)(G*Jk5 *’ks)[Fs(XX uk)+QuF4(X}jﬁk)]]a (18

9 6
1
A= —aanQe2, 2 —Z{M 2GE31 — HER) (V2G5 HEdR) F2(x53,)
m;(Jo
+ e (V2G05R— HEpL (V263 — HEBRIFa0Ges,) [ (19
and

Zaastcm)E [FE%FBESMX) FKJ’LFBESFAX )] (20)
dk

| =

5 6
——aagz 2[ BR—HUID (GHE —HEIF1065) + QuF20x.5,)]

k=1

=

k
me- _
+W;<GJUKE HUR)(GR “—HE ) [Fa(%;-5,) + QuF a5~ ak)]], (22)
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9 6
1
A= —aanQe2 X —Z{M 26}~ HEBL (V2GEdR — HEBIF 2005 >+—<f 2645,

—HESR) (V2GE85 — HES ) F 40x;55 )] (22)

where vertex mixing matrice§, H, G, and H, are defined in the Appendix. The conventigg,=m2/m? is used.C(R)
=4/3 is the quadratic Casimir operator of the fundamental representati®(). .

B. The Z_,Zg penguin graphs

The proces®—sl*1~ is also induced by the effective couplingsff andZg. The diagrams are analogous to the photon
graphs where the photon is replaced by Zhpropagator. The amplitudes for tg mediated graphs are

ay
z
AL = — — ———— KK pXewF o Xew) s (23
SM 2 M2 cogy, tsf S tpXew o Xew
L
AZL=—ﬁV;K*K cot BxpwXtnl Fa(Xen) + Fa(Xen) ] (24
H™ 4 MiLcoszaw ts"™ b tWATHL 3L AtH 4\AtH) 1
1 6
ZL hs *km
Alt=—a @sC(R)———— ry TRNEEMG (XG5, X5, 5), (25
3 W Mz 00326’W kE— Z 0 dkg dng/»
e 6 5
Z w jkb__ yjkby ~xihs_ *IhS
A= —m o 3 X (G- HER(GE - HER)
X 2 Mg co§6whk= i Ut
hmp k e e~
5””; TS Go0G, % a5 ) + nl 2% 5,55, Fo5 -5, %575,
XUiluj*l_Go(X};Dk,X};Dk)VﬁVjﬂ , (26)
e 6 9
Z w kb kb *ihs_ |k ihs
AZL=— 2 2 (2G5 ~HE (V26
0 2 Mz co§6whk= = oo~ Hopr ool —Hopr

5iJmE:1 BTt "Go (XG0 X3,30) + il 24X, X5, F o( X%, X35,
X(Ni4NJ*4_Nists)_Go(X}?akaX}?ak)(NﬁNm_Ni*ijs)] , 27

where we have included in the expressions both cases in which one vertex is gaugino and the other Higgsino, and the case in
which we have two gaugino vertices. Similarly we obtain, for igmediated graphs

3

7 cos 26\
AZ"= = awarsC( )—520 2 r""’Rr*“SE TBIT A Go(Xd,5.X6,5) (28)
w
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b, W b X; .
7 7 1 7T L 1
1 1
Y ~\y ~
u, NV, u Avh
Z e __ Z + Z ! ' ¢ +
< - < 1 < o < 1
s w s X
~o0 ~
b N xj N - b N x-' N\
7 T T 7 1 7 7 l
~ ) 1 ~ 1 1
\'d g v g
dk' Aeh dkl ] eh
L, v, + Lo v, +
«—— 1 <— 1
s X s X

FIG. 2. Box diagrams contributing to the dechy-sl*|~ in the LRSUSY model. Clashing arrows on the fermion lines indicate a
Majorana mass insertion.

6

Zr awa  COS By kb pyjkb h ih
7:——— G] H] G*' S__ H*' S

- 2w, Cogewthle( D)( o)

3
hmpx k [
5ijn’121 l_‘U Iy mGO(thX quk)( )+5hk[2 X)( ukx)( Uy O(X)( Uy X)( uk)

XUjUp— Go(X};Ek'X};Ek)szVjZ] : (29

6
Zr awa  COS 20y kb Kb i h
Al —— ——— / GJ H! /ZG*I S__ H*I s
X° 2 M2 COSZQ\N h;1 |J§:1 (V2Ggpr—HopL)( ODR oDL

3

X4 Oij E DR EE"Go(Xg O Xa Y )+ 5hk[2\/x 4%, o(XX 40 X%, )

X (Ni4NJ3— NisNjs) — Go(xy 03, ) (NaNjs = N5N;s) ] 1 - (30)

Xdk

As in the MSSM[4], when theZ, r bosons are exchanged, gluino- and neutralino-induced contributions to the total amplitudes
are suppressed h[9(q2/M ) with respect to the photon penguin contributions. In additionZiheontribution is suppressed

with respect to the left- handed one b}(M /M )

C. The box diagrams
The box graphs are presented in Fig. 2. The explicit contributions are given by

2

O Aw 1 *
Asm=" 7 12 KisKil C(xw,0)~G(0,0], (31)
o2 8 5
LD:_W ka ka xiks_ pyxiks
AX, 4 th: 2: 2 rRI(GUL —Hir
X
XGNIMGRLG (XG5 X35 X35 (32)
AiE— E 2 - (V2GlE, — HIS) (V2G5 HEsTGELI Gl
hk=11i,j=1 m~0
J
XG,(XEk}JQ,)C X 1XXOXO) ZGSIIETG%)EL XNON F (Xd O,X“ ,XXOXO)] (33)
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2 6 9
Lo’ C(W 1
Ao —Th;h;lw—z (V2Gh — HESR) (V2G5 — HEb) [ Gk Gotr
- 0
Xj
XG'(xg O X X0 X5 o) 2GENGI x;(io;(JQF (X3 X 0 X0 o)] (39
The right handed supersymmetric contribution is
2 6 5
A _a_\N 2 2 1 ( ]kb ]kb)(G*lkS *IkS)G*Jh|GIh|G (X ~ X ) (35)
X 4 nk=1if=a mg, NR UkX X VhX] X Xl
XI
a2 2 6 1
RO w
A =5 2, 2, oz (V2BhoR— HEB)(V2Gi0% ~ Hipl)[ G5tk Cotw
= = 0
Xj
X G (X3,530,%1,70,%;870) ~ 2GR Gl X 070F | (Xa,50.X7,570, %570 . (36)
W2 0 5
RO’ W kb kb k k higinl
Aso _—7”21 kh21 m’__z(\/EG%)DR HESL) (V2GEss — [ GHLY Gor.
= = 0
Xj
X G’ (XG50 X7, 30 X550) — 2G3'G Jh'L‘/x;o;( oF’ (K70 XT, 70 X570 . (37)
All the relevant vertex and loop functions are listed in the Appendix.
|
D. Branching ratios and asymmetries 1 1
. o . Cio(My) = =AZL— Z (AT, + A"
Putting all the above contributions together, we write the W9 20 SMETT
total amplitude at théMy scale as ,
L +AS — A% ), (43
Aot M) =C7(My) Q7+ C72(My) Q7
+Co(My) Qo+ Co(My) Qg+ C1o(My) Q1o - ) .
_ _ Clo(Mw):S|nzewA R
+C1o(Mw)Q10, (38 1
RO RO RO’
where 5 (A= + A% —AL ), (44)
C7(MW):AZR' (39)
with
Cr(Mw) =A%, (40)
1 AlL= RS AL AT AR AT (45)
1 / _ ARR, ARR, ARR
+§(AEM+A§?+A§E+A§E ), (4D Akr=Ay TATHAS, (46)
~ 1 _ ALR LR LR LR LR
cg(MW)zAgR+§(1+sin29W)AZR Alr=Asut A= TAG +AZ+HAS, (47)
1 RO RO RO’
T (A AR T AW ), (42) AL =AS +ASE L AT (48)
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AZL:AéLMJrAf'E+AgL+A;Z(E+A§g, (49) . _Ci—c:iSM =
i_W1 i
I

G

= (51)

AZR=A§R+ A;Z('f + A§§. (50)

As the experimental results on semileptonic dec#s Note that there are no contributions & in the SM. The
— X "1™ fit the SM well, new physics effects can be pa- non-resonant branching ratios can be expressed in terms of
rametrized byR; andR; defined at the electroweak scale as the parametrization %]

BR(B—Xse"e )=7.29x10 1+ 0.35R,+0.17Ry+ 0.71R, o+ 0.0947 R2+ R2) + 0.045 R3+ R3) + 0.351 R3y+ RZ,)
—0.0313R;Ry+R;Ry)], (52)
BR(B—Xeu 't )=4.89x10 °[1+0.098R;+0.264Ry+ 1.0TRo+0.0491 R3+ R2) + 0.0671 R5+ R2) + 0.535 R3,
+R%p) —0.046TR;Ry+ R;Rg)]. (53

If R; andR; are set to zero, the SM values for the semileptonic decays are recovered in these formulas. Resonant contributions
were studied in Ref.15] and these can be avoided by excluding some special areas from the phase integration regions in the
dilepton invariant mass.

We also consider the lepton pair energy asymmetry in the dBea) | *1 ~ defined as

 N(E->Ep+)~N(Ej+>E-)
 N(E->E;+)+N(E+>E-)’

Aj+- (54

where, for instance(E,->E,+) is the number of the lepton pairs where the negative charged lepton is more energetic than
the positive charged lepton in th® rest frame. The energy asymmetry is equivalent to the ordinary forward-backward
asymmetry. In a configuration wheté is scattered in the forward direction, kinematically, in the dilepton center-of-mass
frame, it is implied thak,+ <E,- in the B rest frame. With the above parametrization, the energy asymmetry is found to be

0.48x10°° - -
Aj+-= [1—0.62RR,+0.884Ry+ 0.911R,;— 0.625 R;R; o+ R;R;0) + 0.884 RgR; o+ RgR;0)
Rgr(B— Xl "17)

—0.00882R%,+ R%))], (55)
where Rg(B—Xd T17)=BR(B— X4 "1 7)/BR(B— X *17)SM.

IV. NUMERICAL ANALYSIS We then allow, in the second stage of our investigation,

. . . . : for new sources of flavor violation, coming from the soft
We are interested in analyzing the case in which the su eaking terms. In the MSSM, this scenario is known as the

persymmetric partners have masses around the weak sca ) .
so we will assume relatively light superpartner masses. wificonstrained MSSM. We restrict all allowable LL, LR, RL

diagonalize the neutralino, chargino, scalar quark and lepto’d RR flavor mixings, assuming them to be dominated by

mass matrices numerically and require in all calculations thaf"ixings between the second and third squark family.

the masses of gluinos, charginos, neutralinos, squarks and We now proceed to discuss both of these scenarios in turn.

sleptons be above their experimental bounds. There are some

extra constraints in the non-supersymmetric sector of the A. The constrained LRSUSY model

theory, requiring the FCNC Higgs bosdr, to be heavy, but .

no sa/ch gonst?aints exist in Qt]r?e Higg}s}jino sec[tbﬁ].yWe By the constrained LRSUSY model, we mean the sce-

constrain the lightest Higgs boson mass to be 115 @&V, nario in which the only source of flavor V|olgt|on comes
As the first step, we assume the only source of flavofrom the quark sector, through the CKM matrix, .wh|ch we

violation to come from the CKM matrix. This scenario is @ssume to be the same for both the left- and right-handed

related to the minimal flavor violation case in supergravity.sectorsimanifest left-right symmetyy as explained below.

This restricted possibility of flavor violation will set impor- ~ Before any meaningful numerical results can be obtained,

tant constraints on the parameter space of the LRSUS¥xplicit values for the parameters in the model must be

model. specified. There are many parameters in the model, such that
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values as a function of tg8, obtained whenmg=300 GeV, u
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andmg, =100 GeV. The experimental constraints are also shown.M0a™ €V antmo = Ev.

it is hard, if not impossible, to get an illustrative presentationtang the branching ratio will exceed the acceptable range
of calculation results. If the LRSUSY model is embedded ineasily. The choice of parameters puts stringent restrictions on
a supersymmetric grand unification theory sucls&X10), the allowed values for taf. For the electron, tag should
there exist some relationships among the parameters at the less than 11 if the branching ratio is to be below the
unification scaleM g ,1. We can generally choose specific experimental bounds, while for the muon f@&rshould be
values for parameters at the mass sgateM 1, then use less than 26, mainly due to the experimental bound of the
renormalization group equations to run them down to the lonmuon being larger than that of the electron. The asymmetries
energy scale which is relevant to phenomenology. But, focorresponding to different values of t8nare shown in Fig.
maintaining both simplicity and generality, we can present art. A clear deviation from the SM model is also obtained.
analysis in which the LRSUSY model is not embedded intoNote that in the SM the asymmetry is normalized to 1. The
another group. Then we can choose all parameters as indasymmetries tend to be large and negative with increasing
pendently free variables, with the numerical results confrontiang.
ing experimental bounds directly. We investigate next the dependence of the branching ratio
To make the results tractable, we assume all trilinear scaand asymmetry on the gluino mass, for a light squark sce-
lar couplings in the soft supersymmetry breaking Lagrangiamario. The chargino and neutralino masses are light @and
as Ajj=Ad;; and uj;=pud;; . We also set a common mass >0, a scenario favored by recent analyses of the anomalous
parameter for all the squarkd oy, =Mour=MopL.=Mepr  magnetic moment of the mudri8] and consistent wittb
=Mgq . We takeK ¢ =KE& ¢y - This choice is conservative, — sy [1]. We present the results in Fig. 5. As the mass of the
and much larger values of mixing matrix elements are algluino increases, the branching ratio will decrease, as the
lowed in scenarios that attempt to explain the decay propemgluino is exchanged as a virtual particle in the process. From
ties of theb quark as being saturated by the right-hantled the branching ratio into electrons, the gluino mass is con-
[6]. Our choice does not favor one handedness over thetrained to be heavier than 200 GeV, which is weaker than
other, and has the added advantage that no new mixingther constraints, for example, from-svy; while from the
angles are introduced in the quark matrices. muon case there is no constraint oiy. Therefore in the
We investigate first the dependence of the branching raticRSUSY model the contributions from gluino-exchanged
on the values of tap in Fig. 3. The braching ratios are graphs are not dominant, while this is generally sobin
normalized to the corresponding SM values. In the whole—sy. The corresponding asymmetries are shown in Fig. 6.
parameter range, the branching ratio is greater than 1, which is found that the asymmetries for both the electron and
means that large enhancements can be obtained in the LIRiuon are less than the corresponding SM value. Although
SUSY model with respect the SM. This feature is similar toasymmetries do not help the experimentalists to observe the
the one in the MSSM and is due to the 1/gesnhancement decay, they might, if observed, serve to distinguish the
in the chargino interaction vertices. For example, whergtan LRSUSY model from the SM.
is around 30, an enhancement of one order of magnitude can The branching ratio oB— Xl 1~ is sensitive to the uni-
be obtained. This would make the rare semileptonic decayersal scalar mass, in the region of small masses only, a
easier to observe in future experiments. Generally thdeature shared with— sy [1]. This dependence is shown in
branching ratio increases with t@n and for larger values of Fig. 7. For the electron casey, is found to be greater than
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FIG. 7. BRB— XJ"17) normalized to the corresponding SM
values as a function ofny, obtained whemy=300 GeV, taB
=5, w=100 GeV, A=50 GeV, M =Mz=500 GeV andmy,
=100 GeV. The experimental constraints are also shown.

FIG. 5. BRB— X4 *I7) normalized to the corresponding SM
values as a function ofmg, obtained when tag=5, u
=100 GeV, A=50 GeV, M =Mg=500 GeV, my,=300 GeV
andmg =100 GeV. The experimental constraints are also shown.

space, one expects a restriction on the left- and right-handed
200 GeV, where the corresponding scalar quark masses agaugino mass parameters. There exist scenarios in which the
slightly above the current experimental bounds, while forright-handed symmetry is broken at the same scale as super-
the muon case there is no constraint mg,. The lepton  symmetry, so we expect in those cases to have approximately
asymmetries as a function of the universal scalar mass, am, =Mg [19]. With the assumptioivl, =My, in the gaugino
shown in Fig. 8, and there a small enhancement can be fourgkctor, the restriction on the right-handed gaugino scale is
whenmg is less than 300 GeV. found to beMz>400-500 GeV, for low to intermediate

In all the previous figures we set the left- and right- squark masses.

handed gaugino masses to the same value. In Fig. 9 and Fig. In Fig. 11 and Fig. 12 we present the scatter plots of the
10 we investigate the dependence of the branching ratios arlitanching ratio and the asymmetry for the decBy
asymmetries on the gaugino mass. Widp=my,, the re- —Xsete™ as a function of the lightest top squark mass. We
sults are not reliable, due to poles in the loop functions. Adhave chosen randomly relevant parameters;Btathanges
the branching ratio ofB—XJ "1~ is dominated by the from 2 to 30, my, takes values from 100 to 1000 GeY,
chargino contribution for a large region of the parameteralso varies from 100 to 1000 GeV ad=mg,, while mg

1.10 . . . . . . . . 25 T T T
1.00 20
- > 15
3 K
£ 13
< 1.0
070 - . 05
0.60 . . . . . . . . . , ,
1000 2000 3000 4000 5000 600.0 700.0 800.0 900.0 1000.0 2000 400.0 600.0 800.0 1000.0
M3 (GeV) mg (GeV)
FIG. 6. Energy asymmetry A— X/ "17) normalized to the FIG. 8. Energy asymmetry A— X, *1~) normalized to the

corresponding SM values as a function wf;, obtained when corresponding SM values as a functionrof, tang=>5, obtained
tang=5, u=100 GeV, A=50 GeV, M =Mg=500 GeV, my, when my=300 GeV, u=100 GeV, A=50GeV, M =Mg
=300 GeV andmg =100 GeV. =500 GeV andmg =100 GeV.
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FIG. 11. BRB— X.e*e™) normalized to the corresponding SM

FIG. 9. BR X4 ¥17) normalized to the corresponding SM
B=Xd ) P 9 values versus the lightest top squark mass in the LRSUSY model.

values as a function o1, obtained whermy=400 GeV, tan3
=5, w=100GeV, A=50GeV, my=300 GeV and my . . .
=100 GeV. The experimental constraints are also shown. the corresp_ondmg SM values. Although It seerrls _pQSSIbIe
that b—sy is below the SM value, whilB—X.e"e™ is

enhanced with respect to the SM value, there exists a region

=500 GeV,M =Mg=500 GeV andng =100 GeV. Inad- 4 the parameter space in which both are significantly en-
dition to the current experimental bounds on the SUSY Specy4nced with respect to their SM values.

tra, we also impose the constraints from the rare ddray
—svy. It is found that the lightest top squark masses lower
than 300 GeV are excluded. The branching ratio fits easily
within the experimental bound for large;, which explains When supersymmetry is softly broken, there is no reason
the large number of plot points in that region. An enhancet0 expect that the soft parameters would be flavor blind, or
ment for the branching ratio of one order of magnitude isthat they would violate flavor in the same way as in the SM.
possible while the asymmetry could be 50% larger than th&’ukawa couplings generally form a matrix in the generation
SM value. space, and the off-diagonal elements will lead naturally to
In Fig. 13 we show the correlation between the branchindlavor changing radiative decays. Neutrino oscillations, in
ratio of theb—sy andB—X.e"e™ in the above specified Particular, indicate strong flavor mixing between the second
parameter ranges. Both branching ratios are normalized t8nd third neutrino generations, and various analyses have
been carried out assuming the same for the charged sleptons.

B. The unconstrained LRSUSY model

20 . : : : : : : In the quark/squark sector, the kaon system strongly limits
5.0 T T T T T T
40} 1
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. 20t . 1
g % R "y L i s
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L d
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FIG. 10. Energy asymmetry &— X/ "17) normalized to the

corresponding SM values as a functionMf, obtained whemn

=400 GeV, taB=5, w=100 GeV,
=300 GeV andmg =100 GeV.

A=50 GeV,

Moq

FIG. 12. Energy asymmetry B— X.e*e~) normalized to the
corresponding SM values versus the lightest top squark mass in the
LRSUSY model.
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FIG+. 13. A correlation between BR(-sy) and BRG FIG. 14. BRB— X.e"e") normalized to the corresponding SM
—Xse7e") in the LRSUSY model. Experimental bounds are alsovalues as a function oy, g5, Obtained when tag=5, u
shown. =100 GeV, A=50 GeV, M =Mg=500 GeV, my,=500 GeV

andmgy =100 GeV. The different lines correspond to different val-
mixings between the first and the second generations; cones ofx:mg/mgq:o_64(dashed 1 (solid), 1.44(dot-dasheyl The
straints for the third generation from—sy in the LRSUSY experimentgal constraints are also shown.
model are studied in Ref1].

We parametrize all the unknown soft breaking parameters, (ii) A left gaugino Higgsino vertex has a factor &f | r »3
coming mostly from the scalar mass matrices, using the masgssociated with it; a right gaugino-Higgsino vertex has a fac-
insertion approximationMl) [20]. In this framework we tor of &4 gy 23-
choose a basis for fermion and sfermion states in which all (iii) In addition, in the dipole contributions, the term com-
the couplings of these particles to neutral gauginos are flavang from chirality being flipped on the fermion leg, propor-
diagonal. Flavor changes in the squark sector arise from thional to m;, /mj, or mg/m,, has a factoy g o3 associated
non-diagonality of the squark propagators. These offwith it for the LR contribution, andy g, 3 associated with it
diagonal squark mass matrix elements are assumed to Ilfer the RL contribution.
small and their higher orders can be neglected, and the nor- With the definition of the mass insertion as in Eg6), we

malized parameters used in the analysis are can investigate the effects of intergenerational mixings on
5 ) theB— X "1~ decays. We keep our analysis general, but to

(Mg L)) (Mg rR)ij show our results, we select only one possible source of flavor

dLLij™ mgq * YdRRIjT mgq : violation in the squark sector at a time, and assume the oth-

ers vanish. In Fig. 14 we show the dependence Bof
—Xg'e  as a function ofdy g 23, When this is the only

B (mé,LR)ij _(mﬁ,RL)ij source of flavor violation. The horizontal line represents the
Sd,LRij = m2. 0 CeRLiITTT o (56) experimental bound on the branching ratio. The branching
0q 0q

ratio is plotted as a function of different values for the mass
ratio x=m§/m§q. Fixing myq=500 GeV, this corresponds
where (mﬁyAB)ij, A,B=L,R are the off-diagonal elements to gluino masses of 400, 500 and 600 GeV respectively.
which mix down-squark flavors for both left- and right- Constraints on positive and negative valuesdgf .3 are
handed squarks. We assume significant mixings between ttaightly different, 64 r 23 is constrained to be positive for
second and third generation in the down-squarks mass matrsmall mass ratios, and the absolute valueSgfr »3 is less
only. We also consider terms with one mass insertion onlythan 10%. This flavor violating parameter can be strongly
Although it was shown in the MSSM that double mass in-constrained fromb— sy because through thé&, | g »3 term,
sertions could possibly enhance the decays ofkthmeson, the helicity flip needed fob—sy can be realized in the
their effects orB meson decays are assumed to be negligibleexchange particle loop. The constraint obtained here is com-
This procedure allows an analysis of the graphs contributinglimentary to that fromb—sy [1,21,23. The results foiB
to b—sl™1~ in terms of a small number of parameters. The—X.u ™~ are not restrictive, so we will not show them
contribution of each graph with the Ml is obtained from the here.
constrained case following these simple rules: The situation is different when the only source of flavor
(i) A left gaugino-gaugino vertex has a factor &f | ,3  violation is 84 g 23, as shown in Fig. 15. Again, the most
associated with it; a right gaugino-gaugino vertex has a facrestrictive case is foB— X.e"e™ and for the same values of
tor of 84 rRr23- squark and gluino masses as before, only positive values of
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50 An analysis of the correlation between the branching ratio

as b of B—Xy and B—XJ*1~ reveals that there is a larger
region of parameter space in whigh- X, *1~ is enhanced

40 with respect to the SM value by factors of almost 10, while

as | B— X,y is at most 20% larger than the SM value. We expect

the enhancements to come mostly from regions of interme-
diate or large ta. The LRSUSY model shares the strong
tanB dependence with the MSSM, except that here the en-
hancement is even more pronounced. The asymmetry also
shows different features from the MSSN4]: it does not
peak when the Higgs and gauge induced flavor violation are
of the same size (tg8=35), since the contributions from
10 | . the gaugino sector are different. Also, for low and interme-
diate values of supersymmetric masses, (my,M_ ,Mg
=200-500 GeV), this value of tag is ruled out by con-
0020 015 <010 005 000 005 010 015 020 straints fromB—>XS_e+e’. :
) ‘ ) ‘ SanLz ) ‘ ’ In the unconstrained model, allowing for flavor-dependent
soft mixing between the second and third generation of
FIG. 15. BRB— Xe"e™) normalized to the corresponding SM squarks(both chirality conserving and chiralty violatingno
values as a function offy r.3, Obtained when tag=5, u  reliable limits are set on either the LL or the RR mixing.
=100 GeV, A=50 GeV, M =Mr=500 GeV, my,=500 GeV  However, the chirality violating soft mixing parameters are
andmg, = 100 GeV. The different lines correspond to different val- strongly constrained. In particular, the RL mixing g »3is
ues ofx= ”*/ mq=0.64 (dashed} 1 (solid), 1.44(dot-dashell The  constrained within four percent to be close to zero from the
experimental constraints are also shown. bounds onB— X.e*e™, for a variety of squark and gluino
masses; while the constraints dp r »3 favor positive val-
dq.rL23 IN @ small interval close to zero would satisfy the ues up to 10%. It could be difficult to compare these values
experimental bounds, namedy r| »3<4%. with the unconstrained MSSNR5]. The bound ondy | g 23
The restrictions on the branching ratio 8—X4 "1~  appears to be much stronger in the unconstrained LRSUSY
from the chirality conserving mixing®y | o3 and dqrr23  model than in the MSSM, where maximum enhancements
respectively, with the proviso that these are the only off-are obtained at values of the left-right splitting ruled out in
diagonal matrix elements in the squark mass matrix squarethe LRSUSY model. And certainly the restriction on the
are not as pronounced as the ones for chirality flipping pasy g, ,3 coming fromB— X.e*e™ is, to our knowledge, new.
rameters.dy || o3 and 64 rr23 Can almost take all the values It appears likely that the most distinguishing factor of the
in the range -1.0,1.0). We do not show the results here. LRSUSY model from the SM would be the forward-
backward lepton asymmetry. This asymmetry, like the
V. CONCLUSIONS branching ratio, is most sen_sitive to variations in gaand
could be spectacular even in regions of gamllowed by
We analyze the FCNC semileptonic dedy-XJ "1~ in constraints on the branching ratio. The asymmetry tends to
a fully left-right supersymmetric model. Explicit expressionspe large and negative with increasing @nwhereas it is
for all the amplitudes involved in the process are given. Consmall and positive when varying other parameters. As al-
straints on the parameter space of the model are obtained iiays, the regions of interest are regions of small to interme-
both the constrained cagevhere the only flavor violation diate values(allowed for branching ratios for gluino,
comes from the CKM matrixand the unconstrained case chargino and squark masses. These enhancements are much
(including soft supersymmetry breaking tepm#/e also in-  more pronounced in the LRSUSY model than in the MSSM,
clude and compare with constraints frdm-sy. and increases in the asymmetry by a factor of 2 with respect
As a general feature, both—sy andB— X4 "I~ exhibit  to the SM value are allowed, for a large region of the param-
similar dependences on squark and gluino masses. From reter space.
strictions on both decays, we expeti=250—-300 GeV In conclusion, the deca— X "1~ would provide an
andmz=200 GeV. A more careful analysis of the branchinginteresting, and complementary sy, test of the LR-
ratio ofB—>X "1~ reveals that, varying all other parameters SUSY model.
in the model, the mass of the lightest scalar top should be
=300 GeV, which is much more restrictive than the experi- ACKNOWLEDGMENTS
mental bound23]. The parameter that most sensitively af- .
fects the branching ratio d— X *1~ is tang. The con- This work was funded by NSERC of Canada
straint fromB— X4 "1~ is slightly more restrictive than for (SAP0105354
b— sy, and the semileptonic branching ratio can exceed the

BR(B->Xs ¢ ©)
N
(4]

05 |

experimental bound for tgf=10—11, for low squark and APPENDIX
gluino masses. In all our analysis, we keep>0, and in The relevant Feynman rules and loop functions used in
regions allowed by bothg—2), andb—sy. the calculation are listed in this appendix. For further details,
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we refer to 1]. The terms relevant to the masses of charginos xi = Vi z//f’ ,

i i xi =Uijy;, i,j=1,...,5 (A3)
in the Lagrangian are

with V andU unitary matrices satisfying
+H.c., (A1)

. 1( ‘o) ( 0 XT) ( 7
c=—5Wy -
2 AR U* XV 1=Mp. (Ad)
TG Tt e R o | -

wherg 7(# ._(7 ,',)‘} ’,,P‘beTul'd’dl Ar) and ¢ The diagonalizing matriced* andV are obtained by com-
=(—IN,— IR, Pyp, P2, 0r) ', and puting the eigenvectors corresponding to the eigenvalues of

XX andX X', respectively.

Mo 0 Ouru O 0 The terms relevant to the masses of neutralinos in the
0 Mg Orky O 0 Lagrangian are
X= O 0 0 —u O (A2) L
kg Orkg —w# O O Ly=-73 J°TYyP+H.c., (A5)

0 2grr O 0 —nu

where we have taken, for simplificationy;=u. The where  ¢°= (=N}, —INE, —iNy, B01, Blr, D1, D2 AR,

chargino mass eigenstatgsare obtained by EEQ)T, and
|
LKy 9LKd
M 0 0 0 0 - 0 0
L V2 V2
OrKy IRrKd
0 M 0 0 0 - —\2grur O
" V2 V2 o
0 0 My 0 0 0 0 2y2gwr O
JLKy grKuy
0 0 0 0 —u 0 0
Y= V2 NA . (AB)
0 0 0 0 0 —u 0 0 0
0 0 0O —-u O 0 0 0
gL Kd IRrKd
- - 0 -u 0 0 0 0 0
V2 V2
0 —V20rvr V2gwr O 0 0 0 0 M
0 0 0 0 0 0 0 —u 0
The mass eigenstates are defined by
0_ 0i i
xi =Nijgi(i,j=1.2,....,9, (A7)
whereN is a unitary matrix chosen such that
N*YN 1=Np, (A8)

andNp is a diagonal matrix with non-negative entries.

In the interaction basis,of ,qk), the squared-mass matrix for a squark of flafidras the following forms. For U-type
squarks

, ma+M3(T3—Q,sirP6,)cos 28 my, (A= p cot)
My, = A9
Uy My, (A~ i cotg) M.+ M2Q,sir? 0,,c0s 28 (A9)

and for D-type squarks
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ma+M2(T3— QqsirP6y)cos 28 Mg, (A= wtanps)

M3 = : A10
Pk My, (A—p tanps) ma+ M3Qgsir? 6y,cos 28 (A10)

The corresponding mass eigenstates are defined as
qur=T5 &0, (A11)

where 1":5 LR are 6xX3 mixing matrices. The same expressions, with the swit€pesL, U—N and D—E exist for the
sleptons and sneutrinos. The chargino-quark-squark mixing matéicesdlH are defined as

Gl = =Vi(Kekm)in(Tud

Glr= Uj2(Kekm)it(Tur)ki »

jki mu| My,
HoL= J2my, | SinB Ujs COSIBUjA (Kekm)i(T'uL ks
jki 1 mU| - md
Hur= J2my, SInBV’3+COS,B ia | (Kekm)it(Tur)ki (A12)

and the gaugino-sneutrino-lept@)_r are defined as
Gm,R:Vﬁ(FNL,R)ki . (A13)

The neutralino-quark-squark mixing matric8g andH, are defined as

1 ) . Veos 20y Qu+Qq ,
GhbL=| sin6wQqN;] i1t SHW(Tg_QdS'nZGW)sz_ oSOy, 2 is|(Kekm)i(T'o)ki s
: . Qgsirféy , \cos2
GhSr=—|sin6wQuN/, — costy izt Cosy ST QaSin? 6uw)Ni3 | (Kekm)il(Tpr)kr »
m m
HIlS, = = — | e Nt N7 | (K (T
0oDL \/— sm,B 15 COS,B j7 CKM/i DL g
. 1 my, , Mg, ,
H%)krlmz\/— (sm,B *+COSB j;)(KCKM)iI(FDR)kI (A14)

and the gaugino-slepton-lepton mixing matri€&s:, , Goggr are defined as

Vcos 29 VCOS Dy Qe '
G%)kEIL {Sm GWQele+ coSty, (T3 Qe5|n29W)N COSH > 3| (FeLkis
. _ . Qesirfhy ,  cos2y _ ,
Ghitr=—| SN OwQeN]; — ((;()S—HWNjZ—’_ m(Tﬁ—Qesmzaw)NB (T'erki - (A15)
The one, two and three variable functions appearing in the decagl™ |~ are[26]
Fﬂxy=——45——4x3—6x1+3x+2+6xmgx) (A16)
12(x—1)%
ng)=-——JL——42X3—3XZ—6X+1—6xqogx) (A17)
12(x—1)%
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1
Fa(x)= ﬁ(x2—4x+ 3+ 2 logx),

(x—1)

1
== (x2_1-
F4(Xx) 2()(_1)3(x 1-2xlogx),

Fg(x)= [7x3—36x2+45x— 16+ (18x— 12)log x],

36(x—1)%

Fo(X)= (— 113+ 18x°— 9x+ 2+ 6x°log x),

36(x—1)*

1
Fo(x)= 12—[x3+ 10x%— 29x+ 18— (8x2— 6x—8)log x],

(x—1)*

Fg(x)= B [ —7x3+8x%+ 11x— 12— (2x3— 20x?+ 24x)log x],

(x—1)*

[x?2—7x+6+ (3x+2)logx],

z z o
\/-—1tan ¥ \/-—1f{ , if x<z
X X
2 z z
f(x)=—=——+{ 1-/1--
3 X z / z X
1__ - @@
X

Fo(x)= 2012

¢

1
Fo(X,y)= x—y

X [
—1 0gxX—(X—Yy)|,

2

X | 3
—1 OQX—EX—(X—W) ,

1
Go(x,y)= x—y

X
(x—1)?

1
F(x,y)=— Iogx—x_l—(XHy)

X—y

2

1 1
G(x,y)=x_y Iogx—x_l—(X—>y) ,

(x—1)?
X2

x—1

1

3
- logx— =X—(x—2)

2

1
G’(><,y,2)=x_y(X —(X—>y)],

) 1
F'(x,y,2)=— -

| - e
- 1.ogx (X—2)

y(x_z —(XHy)]-
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