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Introduction




Motivation

» String theory is a promising candidate for unified theory.

a well-known scenario

comp. on X®
string w/ 16 supercharges | Mmmmmmmm)> | string w/ 4 supercharges | SUSY breaking

e.g. EgXEg Het. CaIa_bi—Yau (MSSM-like model) at low-energy
(orbifold)

w/ SU(3) holonomy

» But, no signal of low-energy SUSY
—> non-supersymmetric string phenomenology?

(landscape of non-SUSY vacua > landscape of SUSY vacua)

difficulty very large cosmological constant

ingeneral,  A® ~(MD)

How can we obtain small (or vanishing) cosmological constants WITHOUT SUSY?



HEterOtiC StringS With SUSY [Gross-Harvey-Martinec-Rohm ‘85]

»What is heterotic string theory?
- closed string theory with different left and right d.o.f.

bosonic string in 26 dim. L

Xf(o+1t)
on
TL16: R16/F16

— 16

R

superstring in 10 dim.

7
X;(6+t) |91

\.

spacetime |

9+ﬂ Xb(@—t) Yrlo—1t)

modular invariance (+ spacetime SUSY)

m) I, must be a Euclidian even self-dual lattice

only two inequivalent such lattices in 16 dim.

[i6 =l'spinz2)/z, (SO(32) Het.)

or F16 =FE8®FEé (E8XE8 Het)



Heterotic strings without SUSY (rank 16+d)

» Construction: freely acting Z,-orbifold
ingredients: three Z, generators

« ys:halfshiftinT1® mp X/ - X + 64 (264 € Tye)
e T:halfshiftinS! ®m» X! -5 X1+ nR
« (=1 :2m spatial rotation mp SUSY breaking

D=10 SUSY Het. » Non-SUSY Het. (w/ rank 16)
ys(—1)" « . Non-SUSY SO(32)
o’ *  Non-SUSY SO(16)XEg
R 08¢ *  Non-SUSY SO(16)XS0(16)
ot *  Non-SUSY E2xSU(2)?
Bié *  Non-SUSY SO(24)%xS0(8)
D=9 interpolating model (w/ rank 16+1) ° Non-SUSYSU(16)xU(1)

[Dixon-Harvey '86]
The 1-loop cosmological constant is evaluated as

AO) M+ O (e_R) [Itoyama-Taylor ‘87]
g ng, ng: #(massless fermions, bosons)

‘ exponentially suppressed cosmological constant!




Heterotic strings without SUSY (rank 841d)

» Construction: asymmetric Z,-orbifold
ingredients: three Z, generators

* R:exchange of the two Eg factors mp Ty @Iy — [ @I,
e T:halfshiftonS! ®m» X! -5 X1 4 xR
« (=1)F :2m spatial rotation m) SUSY breaking

D=10 ESXES Het. F > Non-SUSY E8 Het.
\ A X R(-1) ,4 [Kawai-Lewellen-Tye ‘86]
RT o R8s wpEs
RT )= Sost~n 0
D=9 CHL string Non-SUSY CHL string
w/

16 supercharges today’s talk

reduced rank 8+1
[Chaudhuri-Hockney-Lykken ‘95]

 enhancement to non-simply-laced groups
(except ford = 1)

e exponentially suppressed c.c.



Outline

* Review: CHL strings
* Non-SUSY CHL strings
* Cosmological constant

* Summary



Review: CHL strings




CIOSEd Strings On OrbifOIdS [Dixon-Harvey-Vafa-Witten ‘85]
> (toroidal) orbifold: T¢/P (T¢ = R%/T)

untwisted sector example: S'/Z, X =X+ 2nR
X(o+2m)=X(0)+Q (Q€T) g:x—-—X
twisted sector

X(o+2m) =gX(0)+Q (g €P) Q :*f'

Lieame e TELbe N R an'
» the CHL model s (X% 802
R: (XL, X{*t8) > (X£+8,)6\»/ R:X; >+X. T:X'>x'+nxR
untwisted sector
Xi(o +2m) = Xi(o) + QL (Q% € \/_%FES)
X(o +2n) = X*(0) + 2nwR (W € Z)
twisted sector
Xf_r(a + 2m) = iXi(a) + Qf_,
XY (o + 2n) = XY (0) + nR + 2nwWR = X*(0) + 2nwR (WEZ'F%)




Spectrum

> Mass formula

* Right: M2 =p2+N % 2 (untwisted sector)
N,N € Zs, = :
1 (twisted sector)

e left: MZ=P¢+N-a

internal momentum
(P;pr) = ($4,p1;PR) = (r,w,n)E(G, B, a) € charge lattice w/ (8+d,d)

» Massless spectrum

« Right: p4=0 > 8,8 ofthe spacetime SO(8)

e Left:
untwisted sector twisted sector
PZ=0 - gravity multiplet P? =1 - shortroots

gauge bosons of U(1)8+¢

P? =1 - shortroots

[Pf = 2 => longroots ] enhancement to non-simply-laced




Non-SUSY CHL strings




Partition function

Torus partition function: Z(T) —

Ty [6—271'7'2[{75 6—27?2'7'1 Pa}

e CHL strings (twisted by RT)

1
7 52(8 D (Ve — 83) {Z2(1,1) + Z(1,RT) + Z(RT, 1) + Z(RT,RT)}
8y 8 wl eZ untw. wleZ+1/2 tw.

*  Non-SUSY CHL strings (twisted by RT(—1)F)

1 £
AN 528 D Vs (Z(1,1) + Z(1,RT)) — 85 (Z(1,1) + Z(1,RT)) untw.

8y RT even 8s RT odd
/—I— Og (Z(RT,1) — Z(RT,RT)) — Cs (Z(RT,1) + Z(RT, RT))} tw.

scalar 8¢ ‘ 1

AGy—o= {PL € AGCHL|W1 € Z} 6o \ AGCHL {PL € AGCHL whEZ+ 2}

(A¢: a set of nonzero roots of a non-Abelian group G)

* Orbifold projection for states w/ long roots

[ Bosonic even

odd

e ] states with 14 [
Fermionic

] survive under the projection.



Spectrum
Ol

a=0

Gepr = Gy=o = EgxU(1),

8; in the adjoint rep. of the Eg

(at generic R)

R=1 R=+2 R=¥2 (weZ+3)
space-time SO(8) reps. 85 : 8¢ || scalar scalar
Eg reps. singlet singlet adjoint singlet
U(1)-charge (w,n) | (£1,£1) |((£3,%1) )| (£3,F1) [EEy/2R5N0)
Gepr = EgXSU(2
Rt e = EaxSU(2)
Example 1 (2 0) 1(—1111111—5) aa=0 SG =C
> 2 1 6 7120 9 SSees gResy 40 2w CHL — Y10
0 1 1
Example2. E = ( ] > (0 0,0,0,0,0,—1,1) ao = = (0,0,0,—1,—1,—1,—1,4)
= A, X
=G—B+a-a) > Gen +XCs

BT T T

Example 1

Example 2

C1XCq
AL XCyXCy

(1,152)

245042

(2,18)
(4,8)

(1,152) x4



Cosmological constant




Cosmological constant

Background: STxT4-1 ‘ the moduli: (R, a;;G',B’,a")

T SS mechanism

* cosmological constant & vacuum energy density 3t one-loop

il Ty ST (4n%a/)” 1—/ d’ TZ(lo d)
2 7

TS
R>1
,J or (L4

o = dz d S R A Z cos[m(2n — 1)p - a1] -|-0(e_R)
= (772 \/7R) n>1 oy
|P£2:2 J
L J e e -
CLL RS gravitational sector gauge sector with long roots
n=p-a; €L + KK bosons (p=m—w'a)

\/ 21’\ <11 Cl p
e . i Z s LI e e 5o even - bosonic

NS (m Vva! R) n>1 '] odd - fermionic

« d=1 Nosolutions of P/* = 2

o 1
=2719¢ (10,5> 64 < 0



Exponential suppression

The condition for the suppression: Z cos[m(2n —1)p-a1] = -8

pR:O
P;?=2
* Exampleind = 2: S'xS? 5
1 Beien
R/_§’ a’:—Z(O,l,—ZS)

(w';m) = £(1;0%) , % (1;0%, —2,0%,2)

* Exampleind = 3: S'XT?
20 1
E’:(O 1), as =0, a3:§(17,—7)

p2 = 0,P% =2 ‘ the sixteen solutions:
o S ) e (02 B 05 S =10 2508 52)

an

(075 IY

‘ ZCOS 2n—1)p-a1] =4—12

N)Ir—\



Summary




Conclusion & Outlook

» The reduced rank non-supersymmetric model is constructed
by the asymmetric orbifold twist RT (—1)F.

» The gauge symmetry can be enhanced to non-simply-laced groups.

Does a systematic way to explore the moduli space exist?

(c.f. [Font-Fraiman-Grana-Nunez-Freitas ‘20 '21])

» Exponential suppression of the cosmological constant is
possible maybe at unstable points.

Is it possible to realize the suppressed cosmological const.

with the moduli stabilized?
Wilson lines, radion

Thank you for your attention!
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