STRINGY APPROACH TO THE MINIMAL
SUPERSYMMETRIC STANDARD MODEL

Yu.M. Malyuta, T.V. Obikhod *

Institute for Nuclear Research National Academy of Sciences of Ukraine, 03068, Kiev, Ukraine
(Received March 10, 2010)

Superstring theory is applied to construct the Minimal Supersymmetric Standard Model. The mass spectrum, partial

widths and production cross sections of superpartners are calculated. This approach gives concrete predictions for

superpartner searches at the LHC.
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1. INTRODUCTION

The purpose of the present work is to construct the
Minimal Supersymmetric Standard Model [1] from
superstring theory [2]. This aim is achieved by using
the notion of derived category [3]. Such approach al-
lows to determine the mass spectrum, partial widths
and production cross sections of superpartners.

These predictions are important from experimen-
tal point of view as they are connected with searches
for new physics at the LHC.

2. DERIVED CATEGORY

Derived categories are the mathematical foundation
of superstring theory. We consider the derived cate-
gory of distinguished triangles over the abelian cate-
gory of McKay quivers [3]. Objects of this category
are distinguished triangles

(numbers a, b, ¢ and a/7 b/,c/ denote orbifold charges
[4] characterizing McKay quivers); morphisms of this
category are morphisms of distinguished triangles. In
this approach D-branes are described by quivers @ :

and open superstrings are described by Ext!(Q, Q/)
groups determined by the diagram [3] :

a’ !

3. PARTICLE CONTENT

It was shown in [5] that the moduli space of the open
superstring has the form

! ! ’
(C aa +bb +cc

Ext’(Q, Q")
Ext'(Q,Q) =
Substituting in (1) orbifold charges

7 (1)

! ! !
C 3ab +3bc +3ca

a=b=c=d =V ==14
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and using the Langlands hypothesis [6], we obtain the
realization of (1) in terms of SU(5) multiplets

3% (24455 455 + 53+ 5n + 103 + 104) -

This result determines the particle content of the
MSSM.

4. SUPERPOTENTIAL

The gauge invariant MSSM superpotential takes
the form

WSU(S) = /\?j By X gg\? X 105&1)4- 2)
AL By x 105) x 109) + -5y x By
where 5y and 55 are Higgs multiplets, 5%} and 10551)
are multiplets of quark and lepton superpartners,
)\fj, Aj; are Yukawa coupling constants and p is the
Higgs mixing parameter.

5. MASS SPECTRUM

The analysis of Yukawa coupling constants, based on
observational hints and theoretical considerations, al-
lows to restrict the parameter space in (2) to five free
parameters [7]:

MQ =0.01 GeV 5 M1/2 = 600 GeV 5 (3>
Ag=0, tanB =35, sgn(pu)=+1.

Using this restricted parameter set it is possible to
calculate the mass spectrum of superpartners by ap-
plication of the computer program SOFTSUSY [8].
This MSSM spectrum is shown in Table 1.

Table 1. Mass spectrum of superpartners

GeV GeV GeV
ar | 1187 g | 1354
ar | 1232 || 7. | 391 X7 | 249
dr | 1182 || ér | 224 || X3 | 471
dr | 1235 || ér | 398 || x% | 727
ér | 1187 X3 | 738
ér | 1232 || 5, | 391 || x¥ | 470
r | 1182 || ar | 224 || xF | 738
5p | 1235 || ar | 398
t1 | 958 nY | 116
to | 1155 || o | 379 || A" | 671
by | 1095 || 7 | 127 || H® | 671
by | 1148 || 7 | 408 || H* | 676

6. PARTIAL WIDTHS

Using the parameter set (3) it is possible to calcu-
late partial widths of superpartners by application of
the computer program SDECAY [9]. These partial
widths are shown in Tables 2, 3, 4, 5.

Table 2. Partial widths of superpartners

channel BR channel BR

De Xive 1.000

ér Xle 1.000

7, | xXJv.  1.000

fr | Xim  1.000

Uy Xiv- 0072 [ AWT 0928

E T 0.107 7 0.527
71h? 0.365

ir | Xuw 0997 [ Xx3u  0.002

ir Xlu 0013 | x7d  0.646
Xou 0.320 X3d 0.012
Xu 0.008

dr xid 0.997 Xad 0.002

dr, xid 0.016 | x;u  0.628
X5d 0.317 | xyu  0.027
Xad 0.011

¢r Xic 0.997 Xac 0.002

ér XSc 0.013 X7 s 0.646
X5c 0.320 X3s 0.012
ic 0.008

3r s 0.997 | x3s 0.002

5L Xis 0016 | x;c  0.628
X5s 0.317 X5 ¢ 0.027
X3s 0.011

t <0t 0.216 X9t 0.032
ot 0.105 X7b 0.249
ot 0.171 X3b 0.227

Table 3. Partial widths of superpartners

channel BR channel BR
to X5t 0.025 b 0.247
Ot 0111 | x3b  0.165
ot 0.114 | #A° 0.045
X3t 0.213 th 7 0.080
by Xib 0.055 Xt 0.390
%9b 0220 | x5t  0.183
30 0.063 | HW~  0.047
xX3b 0.041
by X390 0.023 it 0.161
90 0.091 | x5t  0.425
X9b 0.079 | HW~  0.125
%3 0.095
G | dod® 0019 | éret  0.020
did  0.019 e 0.020
drd*  0.038 | ¢rc®  0.036
ded  0.038 Fhe 0.036
Grpu®  0.020 | bib*  0.078
atu  0.020 b 0.078
Gpu*  0.036 | bob*  0.054
Whu  0.036 bsb 0.054
3 0.019 tat* 0.097
55 0.019 it 0.097
5rs*  0.038 tot™ 0.043
§hs 0.038 5t 0.043
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Table 4. Partial widths of superpartners

channel BR channel BR
AP bb* 0.858 | 7,7,  0.004
7 0130 | #'F 0.004

tt* 0.002

HC bb* 0.859 | 7 7  0.003
T 0130 | F 7 0.002
tt* 0.002 | 77  0.002
HT cb* 0.001 th* 0.818
tv, 0169 | #o. 0010
X | éret 0032 | ahpm  0.032
éhe” 0032 | F 7T 0436
Appt 0032 | FrT 0.436
X9 XiZ 0.001 | 7 77  0.037
£R®  0.010 | FfrT 0 0.037
é et 0056 | Deri  0.064
éfe 0.056 Dive 0.064
@ uwT0.056 guu;: 0.064
arp 0.056 vy 0.064
T 0.135 | #,v;  0.081
T 0.135 | v, 0.081
x5 XNZ 0.080 | x3AY  0.007
X5Z 0193 | FrT 0.088
XTwo 0211 | Tt 0.088
Wt ooo0211 | #&rt 0.051
¢ih’  0.016 | 7T~ 0.051

Table 5. Partial widths of superpartners

channel BR channel BR

X4 XiZ 0.016 | fzut  0.001
X3Z  0.009 | gpu~  0.001
Xfw— 0208 | F ot 0.061
IWT 0208 | AT 0.061
n° 0069 | 7T 0.058
R® 0171 | #frT 0.058
épet  0.005 | ey  0.009
€fe” 0005 | Dive  0.009
éret  0.001 | Duvi  0.009
éhe 0.001 | Ziv,  0.009
gppt 0005 | v 0.010
Aiu 0.005 | Zfv.  0.010

X7 | Peet 0135 | fAfv.  0.108
puput 0135 | . 0.261
pert 0176 | v, 0.067
éfve 0108 | XIWT  0.010

X3 | et 0.009 | v, 0051
pupt 0009 | XTZ  0.206
vt 0105 | Wt 0.079
Efve 0020 | XSWT 0214
ffve 0020 | XFA° 0183
v, 0.104

Table 6. Cross sections of superpartners

7. CROSS SECTIONS channel cross section
99 — §§ 035 = 0.307 pb
Using the parameter set (3) it is possible to calculate gu — gu osa = 0.891 pb
production cross sections of superpartners by appli- du — du 05z = 0.466 pb
cation of the computer program PYTHIA [10]. These u — Xi X1 Otz = 0.157 pb
cross sections at center-of-mass energy /s = 14 TeV du — X7 X9 0o+ = 0.208 pb
are shown in Table 6. L
Table 7. Lower limits on masses reached at colliders
particle Condition Lower limit (GeV) Source
Xt gaugino M; > 200 GeV 103 LEP 2
My > Mg+ 85 LEP 2
any Mp 45 7 width
Higgsino My <1 TeV 99 LEP 2
GMSB 150 DO isolated photons
RPV LLE worst case 87 LEP 2
LQD mo > 500 GeV 88 LEP 2
X5 indirect any tanf8, My > 500 GeV 39 LEP 2
any tan8, any mo 36 LEP 2
any tan, any mo, SUGRA Higgs 59 LEP 2 combined
GMSB 93 LEP 2 combined
RPV LLE worst case 23 LEP 2
€R exy AM > 10 GeV 99 LEP 2 combined
iR %] AM > 10 GeV 95 LEP 2 combined
TR % Mo < 20 GeV 80 LEP 2 combined
1% 43 7 width
LR, TR stable 86 LEP 2 combined
t1 % any 0 i, AM > 10 GeV 95 LEP 2 combined
any é)miX,Mi(l) ~ %Mg 115 CDF
any 0p,iy, and any AM 59 ALEPH
blv any 0 iy, AM > 7 GeV 96 LEP 2 combined
g any Mg 195 CDF jets+FEr
g M; = M; 300 CDF jets+Er
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CTPYHHBIN ITIOAXO0Jd K MUHUMAJIbBHOM CYIIEPCUMMETPUYHOMN
CTAHIAPTHOM MO/IEJIN

FO.M. Maaroma, T.B. Obuxod
Teopus cynepcTpyH NpUMeHeHa Jijis ocTpoeHnst MUHUMAILHON CynepCHMMETPUIHON CTaHAPTHONW MOJIEIH.

[IpoBeieHbI BEIYUCIEHUS CIIEKTPA MACC, TAPIUAIBHBIX MUPUH U CEYEHUN POXKJIECHUS CyIeprnapTHEpOB. DTOT
[IOJTXO/T JIaeT KOHKPETHBIE IIPeJICKa3aHus Jjis TonucKa cyneprapraepos Ha LHC.

CTPYHHUI MIAXIT JO MIHIMAJIbBHOI CYIIEPCUMETPUYHOI CTAHJAPTHOI
MOIEJII

IO.M. Mamoma, T.B. Ob6ixod

Teopiro cynepcTpyH 3acTOCOBAHO it 0Oy A0BU MiHIMAJIBHOI CyIIepCUMETPUYHOI CTaHapTHOI Mojiesi. Buko-
HaHO OOYMCJIEHHSI CIIEKTPA MAacc, HapIiaJbHAX MUPUH i nepepisiB Hapomkenns cynepuapraepis. [let miaxis
Jla€ KOHKPETHI TiepebadeHns Jjist Homnyky cymnepnapraepis wa LHC.
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