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|) Introduction

® SO(16) X SO(16) nonsupersymmetric heterotic string in 10d
Is receiving revived attention as

i) there appears to be no SUSY in multi TeV scale
according to the LHC experiment

ii) this string model is the only model which is tachyon | »<<¥»»
free and non-supersymmetric in 10 dimensions

Dixon-Harvey 1986, Alvarez-Gaume et al. 1986 E




® Compactification on a twisted circle (in general twisted tori) gives
an interpolation of supersymmetric & nonsupersymmetric
heterotic vacua. Moreover, the cosmological constant obeys the
following formula in SUSY restoring region:
Vo ~ (n% —n%)aPE4+ O0(e™ %) as a — oo
(e =V /R, a=1/a, € >0, n%, n% : # of massless fermions bosons)
H.l., T.R.Taylor, Phys. Lett. B186 (1987)
In this work, we consider two parameter extension of this prob. &
examine interrelationship among twisted comp. gauge sym.
enhancement and cosmol. const.
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® More on the exponential suppression
in the SUSY restoring a large region

* The integrand of the 7» integration involves
(%) = TQ#(AO,O —Nyjp0)e” T2
SUSY restoring factor generic level from ] [(characters)
mass splitting o/ M? = 1/a°
e apply the Jacobi imaginary transf.

oo
() = (const)frf’ Z 8_%(2”—1)27?&2—%”2

n=1 ~
' e—wa\/ﬁ
i) m # 0 : the sum bdd at least by T amavim

& can integrate over |1, o]

ii) m = 0: term by term integ. over [1, 00| and resum to get ((10)

—> the first (dominant) term up to exp. accuracy

e contribution fromm, < 1, exp. suppressed.



) ®Idea of Heterotic strings

L

R

adopt the lightcone coordinates

A

26=(10+16)d

A

A

Right mover: 10d superstring X&(7 — o), ¥ (T — o)
Left mover: 26d bosonic string out of which

internal 16d realize rank 16 current algebra

10:(8+2)d

A

Xi(r+0), Xt(T +0) (or fermions)
|10=(8+2)d

@® State counting & characters

. TquO (jLO counts #(states) at level m as coeff. in ¢(¢) expansion

* |t takes the form of Z )‘(}““"((j)Xijx}“r(q) and involves spacetime &
4,7
internal SO(2n), n=4, 8 characters ch(rep) = Os,,, Vs,,, S, Ca,, expressible in terms

of the four theta constants and the Dedekind eta fn

n(r)=q¢ [ 1-q")

n=1

* e.g.S0(32) hetero ZS) (Vs — Sg) (016016 + Vi6Vie + S16516 + C16C16)



® The construction of interpolating models

Start from a flat ten-dimensional closed string model A7 whose partition function is

AV A
ZT the contribution from the fermionic string Zg") from the bosonic string:
75 =7 " )"
Consider the circle compactification:
X? ~ X+ 27R.

The left- and right-moving momenta along the compactified dimension

= (ne+7) = (na %)
= na + — = na — —
pL \/2—05’ a 7pR 2@, a?

for n,w € Z. After the circle compactification, the partition function of model AM;

9 R i?iiQ 7
20 =)t Y qTrigTrR | 2 2

n2wez



® Compactification on a twisted circle

We choose7 () as the Z, twist where 7 acts on the compactified circle as a half translation:
T:X% = X° + TR.

XY is the T-dualized coordinate for the compactified dimension and R = o' /R isthe T-
dualized radius. () isa Z5 action that acts on the internal part of the string and that
determines the two ten-dimensional models at the limits.

Because the Z5 twist contains 7, the partition function of the interpolating model contains
a set of four momentum lattices:

/ ¢ / ¢

— (= —1 E , ap? o p?

Acx,lb’ = (f]f]) qztqz2"hk
ncZ+ta, we2(Z+p3)

= (n7)~ ! Z exp |[—m {72 (a?(n + a)? 4+ 4a*(w + ,8)2) —dim(n+ a)(w+ B) }] .
nawezZ

« and 3 are0or1/2,and a =0 (1/2) and 8 =0 (1/2) imply the integer (half-integer)
momenta and the even (odd) winding numbers.



® Adding twisted sector

Restart as

Z" = (Moo + Ao p0) 25 Z1

An interpolating model is obtained from ZJ(rgHby orbifolding with the Z, action 7 Q.
A half translation T affects the lattices A, g and acts such that only the states with even
winding numbers survive:

TQ: 2" 5 207 = (Moo — Aoapn) 2527,
where Z1 is defined as the Q-action of Z7.
S: 29 5 207 = (A oo+ Mijaapn) 2577,
where Z¥(—1/7) = Z (7). Furthermore, when 7Q acts on ZJ(rg)—,
TQ : Zig)_ A (A1/2,0 — A1/2,1/2) Zg)ZZ,

where Z_ is defined as the Q-action of Z__ . As a result, the total partition function

o 1/ 9+ (9)+ (9)— (9)-
Zint - § (Z+ +2 + Z+ + 2 )
1
= 525 {800 (2] + 27) + Nonya (21 — 27)

‘|‘A1/2’0 (Z—i_— ‘|‘ Z:) ‘|‘ A1/211/2 (Z_’__ - Z:)} .
Ina — 0 limit, Zi(ft) produces model Ms;whose partition function is
Zat, = Z5) (25 + 25 + 27 + 27).
model M5 is obtained by Q-twisting model M,



IIl)  Interpolating models with no WL

Model B Model A
@polating model

\4
< >
0 compact radius R o0




e.g. Model A : SUSY S0O(32), Model B : SO(16)x SO(16)

Zl(l?t) Zéz,on {Ao,0 [Vs (016016 + S16516) — Ss (VieVie + C16C16)]

+A0.1/2 [Os (VigCi6 + C16Vi6) — Cs (016516 + S16016)]
+A1/2,0 |Vs (VigVie + C16C16) — Ss (016016 + S16516) ]
+A1/2.1/2 |Os (016516 + S16016) — Cs (Vi6Ci6 + C16Vi6)| }

Z(n) —Tz—n/ ( 77) n

AO‘:B = ff]n - Z qafng/Qqa’P%/Q — (?777)—1 Zexp [271-3‘?'?;107_1 — Ty (n CL + wz/a )]
" o ne2(Z+w), weZ+p
* R — oco: contribution from the zero winding # only

Aajg — (2&) IZ(I)

boson’

Aa,1/2 — 0

* R — 0: contribution from the zero momentum only

AO,B — CLZ( )

boson’

A1/2,8 — 0



e.g. Model A : SUSY SO(32), Model B : SO(16)x SO(16)

-1 1
e R>o00: Auo—(2a0)7 12 Ayin—0
A VAN {Ao,0 [Vs (016016 + S16S16) — S8 (VisVie + C16C16)]

+A0.1/2 |03 (VIGCTE b=l T 516016)
|+A1 /2.0 [Va (VigVie + C16C16) — Ss (016016 + S16516)]
+Aq /2172 O (USSPt 5T T C16Vi6) }

one-loop partition function of SO(32) supersymmetric heterotic
string, which is vanishing

@Y restored in R —>>

e R>0: Agg—azll

boson’

A1/2,B — 0

Z8) =(2{0).. { Ao [Vs (016016 + S16816) — Ss (VigVie + C16C16)]
+A0,1/2 |08 (VigCi6 + C16Vi6) — Cs (016516 + S16016)]

\
+A1/00]

A o et It
1-loop partition function of SO(16)x SO(16) heterotic string

| Z{2) realizes R — oo, SUSY SO(32), R — 0 SO(16)xSO(16). |




Massless spectrum at generic R, comes from n=w=0 part

Zi(l?t) = Zézz,on {AQ,Q |V§ (016016 + S16516) — Ss (Vi6Vi6 + C16Cy ]
+A0.1/2 |08 (VigCi6 + C16Vi6) — Cs (016516 + S16016)|
+A1/2.0 | Vs (VigVie + C16C16) — Ss (016016 + S16516) |
+A1 /9,172 |Os (016516 + S16016) — Cs (Vi6Ci6 + C16V16)] }

massless states at generic R

Massless bosons: @ YJuv; B,uu: Cb
@ gauge bosons in adjoint rep of SO(16)xSO(16)xU(1)*
Massless fermions: @ 8 ¢ (167 16)

—> n% —n' =64



Interpolati els with Wi

Model B @de@
@polating model !

< >
0 compact radius R o

‘ | +WLA |

#(parameters) = 1: radius R

‘ #(parameters) = 2 : radius R, WL A



add A/dzzﬁX”gﬁXf,l to the worldsheet action

—3P momentum lattice is boosted

boost and |
(71 rotation |
lr, = \/Jm ) = (\/_m QWG
_ 1
<pL—m(an+% <p}/—m(\/_14m+\/1+142&?’1—
_ 1
\PR = 75 (a’n o %) \p}{ = (

the effective change in the 1-loop partition function

introduction of WL]

&
o[} o (213
Nop | 24| mmh AT

n n

a, -1 20m /2
AT = ()™t DD (-1) g% (D) g i

VAT a
\/% \/§Am—|—\/1—I—A2an—\/1—I—A2%)

,w,m ne2(Z+a), weZ+p5, meZ+vy



e SUSY SO(32) —S0(16)%xS0O(16) interpolating model with WL

1-loop partition function

Ziv = 20, {‘78 (05%0)016 + 5{2’0)316) — Sy (Vl(g’O)Vm + Cfg’o)cm)
+0g (v1<g=1/ D046 + 9 2)V16) Gy (og?;l/ D86+ S0 2)016)
+Vs (V52 Was + 02 0C16) — S (08> V016 + 515/ 516
O (Oglﬁ/z,l/z) Sis + 31%/2’1/2)016) _é& (Vfg/2=1/2)016 N 0%/2,1/2)‘/16)}
s U wn 01T s o[0] vad) _ 1 [ r@sy[0]7 i@ 4[0]
ot = o (s [ +asgur [ ) 67 - (o [ - aste 1]

7 7 7 7
(,8) _ 1 (,8) o |1/2 (o,B) 1/2 (,8) _ 1 (@.8) 4 |1/2 (@,8) 1/2
016 — 2_777 (A(l/zo)"? [ 0 o A(1/2,1/2)"9 1/2 516 - 2_777 /\(1/2,0)79 0 +A(1/2,1/2)79 1/2

First examine R —» oo, R — 0 limit for an arbitrary value of WL



e SUSY SO(32) —S0(16)%xS0O(16) interpolating model with WL

!/

R — oo (Ogﬁﬁ) Vg, sig? C(‘*B)) - f
AN [Zéilon {Va (0157016 + 515816 ) — S5 (Vi OVie + C{37 1o ) ]

Oy [Vfg’l/z’Cm-l- (01/21*;“’% & En(o 1/2) m-|-b'1(g’1/2}016

EVS (V(1/20)V _|_C,(1/20)C ) 5,8 (0(1/20)0 _|_S(1/20)S 6)
00 (O Bt ey —etrte e oy ) )

SO(32) supersymmetric heterotic string
1-loop partition function, which is vanishing

SUSY restored in R —D

(1)

boson

(O16, Vi, S16, C16) 98,0




e SUSY SO(32) —S0(16)%xS0O(16) interpolating model with WL

. o, a,3 a3 a3 1
R - 0: (Oﬁﬁ vl slef) ot )> —> va’frOZ() (O16, V16, 5165 C16) 900

boson

{Vg (05%,0)016 + 3{2’0)816) — 578 (Vl(é]’o)‘/lﬁ + 0{210)016)

+05 (Vi v + O Vi ) — G (055816 + 51517 01)

v 20y 4 oU/200 ) — g, (0%/2,0)016+ (/2,0) -

105 (02U g skt N A /2Dy,

SO(16)x SO(16) heterotic string
1 — loop partition function

( , A
Realizes SUSY SO(32)as R — oo

SO(16) X SO(16)asR — 0
for an arbitrary value of WL




e SUSY SO(32) —S0(16)%xS0O(16) interpolating model with WL
Massless spectrum, at generic R, A comes from n=w=m=0 part

70) _ (M)

int boson

{Vs (087016 + 55”816 ) — S5 (Vi OVae + 13 1o )

—I—Og (V(O 1/2)0 X C({) 1/2)V16) B C—S (O£0,1/2)S i S(O 1/2)016)
Vs (Vig"2Wis + €1y >0 C16) — S (055 >V 016 + 515>V 516
104 (0%/2,1/2)516 4 31(%;/2’1/2)016) Cq (V(1/2 1/2)016 n O%/2,1/2)V16)}

massless states at generic A, R

Massless bosons: o ¢,,, B,,, ¢
® gauge bosons in adjoint rep of SO(16)xSO(14)xU(1)xU(1)*
Massless fermions: @ 8¢ © (16,14)

000 =32



e SUSY SO(32) —S0(16)%xS0O(16) interpolating model with WL

Massless spectrum 3a few conditions under which the gauge group

) gets enhanced
{% (014”016 + 55”516 ) — S (Vi OVae + C§ " 1)

70) _ (M)

int boson

+05 (VIg/ 2015+ C§ P Vag) — Cs (015" 516+ 5151/ 016
Vs (V52 OVis + Cfy2VC1) - S (055016 + (5> 516 )

+O0q (0%/2,1/2)5 _I_S(l/z 120, ) C (Vl(g/z,l/z)c —I—C‘(1/2 12y, )}

condition D \/§A —+ \/1 —+ A%m =0, nj € 27

new massless state: ¢ two 8y ® (1,14) ¢ two 85 ® (16,1)
' SO(16)xS0(14)xU(1) ——> S0O(16)xS0O(16)
85 ®(16,14) ——> 85® (16,16)

— 1% —n% =64



e SUSY SO(32) —S0(16)xS0O(16) interpolating model with WL

Massless spectrum 3a few conditions under which the gauge group
gets enhanced
{V& (015" 016+ 55”516 ) — S (Vi§ OVag + €5 1)

9 7
Zl(nt) Z]:()o)son
‘I‘Og (V(O 1/2)0 + C(O 1/2)V16) o C_S (0(0’1/2)3 4 S(O 1/2)016)

_I_‘?S (Vl(ﬁl/zjm‘/lﬁ e C{E/Q’O)Cm) SS (0(1/2 O)O 16 + S(E/Q’O)Slﬁ)

‘I‘O_S (Oﬁi/zjl/z)slﬁ + S%/Q’l/z)Ol ) 0_8 (V(1/2 1/2)0 16 4 0%/2’1/2)1/16)}

condition @ \/§A + \/1 + Azang =0, ng € 27 + 1

new massless state: ¢ two 8y ® (16,1) °* two 85 ® (1,14)

‘ SO(16)xSO(14)xU(1) —> SO(18)xS0O(14)
85 ®(16,14) ——> 85 ® (18,14)

— [n%—n%:()]




V) * have added the WL background to the radius R and
constructed two parameter interpolating models

group enhances

have found the conditions for (R, A) under which the gauge

Jan example under which the cosmological const. is

exponentially suppressed simultaneously with the gauge
group enhancement.

e | (Conditions

F=m/V2 (n € Z)

Fl=n2/V2 (ng € Z+1/2)

N A _
Gauge group SO(16) x SO(16) SO(14) x SO(18) T1 = \/ﬁa !
Np — Np positive Zero
Conditions | 7; =ni/vV2 (n; €2Z) | fi=n1/V2 (i €2Z+1) |, =ny/V2 (ny € Z+1/2)
Gauge group SO(16) x SO(16) SO(16) x Eg SO(16) x SO(14) x U(1)
Nr — Np positive negative negative

e gauge group enhancement

e two & more Wilson lines

~ extrema of Vp

e 4d * higher loops




