REVO LUTION




%tﬂng ﬂ-w:\d*m . 1986 ) 1995 P =

Stving (phew.) vavolobions: 1988, 1498, ...

(3 JeuNS = Jt'iml ‘I." {‘GKIB tﬂ mmb"wg‘_% “'hd*
D=4, N=1 i‘-‘ﬁ\as Vacut )

— Pﬂ'#%ﬂQQ 'S (%omﬁ)ﬁﬂl‘b) v.ao.\.'i '.'.inté
whol wo do wot Ywew

—_— e.%_ NON W Qo KWGN 'l:'\'\mif W

do no& wvin ¥wmow what ‘e  the
&vwhamm‘\a\ oca\q oi \s %\qauyf

M‘S'Lv}u\j ‘




%%ﬁ"ﬁ ﬂ'l!ﬂwdl!‘ry = Heow 14 SUB)x8UM) xU0)
MODEL EMBFODED \NTD
STRING THEORY

h =\94§ Ox “\voxy .

*- Owly \u’tua\!t, most Ly Eg A Eg

e MSTR"IO- — 3 MPLAtum (vio ot\av choiu)

- NE £0 GAVYGINO
w Mw'_“ SCALE GENERAT 3%

CONDENSATION <>\>\ S FO

e GMV Cﬂu?“ﬁs cmdm'ls n'\‘u\y \-L“‘l'g)!
ot My x 22100 6V . Mx 7/ Msting

* Some nie exomplas os_ 2 c}wwt-\a?'\un
Orhm‘\-'iow‘s s*\r'ima vatve 3 2 N AY gu\:\s’

T aemionic Cﬂwt\'.VUc'lhhz, CY ’3

ﬂ( &\-&\w/ AW s&d\\;\\'\%m\hu; ‘5@‘5\/-\9\(&!&?“‘?_’
vecuuws Qe gpiaa cy, pveblams . .. )



--_-r_

o
o

Mx  Mgews

GAP |
=~ '

.

s LARGE THRESHOLD CORRETIONS ?

— EXTRA FIELDS BEYIND MSSM 2




Aever 95-98

e T‘ﬂn 1) Tvpc L., F-=th, Mm-th

pﬂv’\&t for naw  D=Y4, N=1 sh’m’,
yacuo (end a& welavadie wovopely )

e Nnumboay o_‘r extva Aimansion s g-a\.‘\- \Dy
q ous 0y fia\dg and ca\rm'dy {ie\dg
1oy ‘o2 Iw ymva\ A'i..ﬁwmn"‘

* MQTRING- UNKNOWN
My 2 4 TeV

5

P\'\Q\n E



NEW D=Y . N=1 STRING VACUA

L) m on  4-fe\ds, prw\!n* da develup
%i\w. Caup“u\t\ %o tn’\vu“‘ J&g&h&
1’*‘“\"* (QQ V) (.\'mvy S Cau‘:\iv\d‘; . ate )

“) M’. (. \aa Hownuowny -\U'\"h\q’ R )
O"q ’ bf&ﬂ.ﬂ \)O)EQS Hln\nlmq-'godtwn;

Hoewswn) -\\J voug o

N"-'\; =Y -F’?;-HE 1 WLVE'N
(T-OVAL TP DZ-\DYM!S

BuUT THESE ARE NON- COMPACT MODELS,
NO USE AS VYMFIED THEIRIES , ., . ¢

Ll:l) M-th on CYx 9'/22 (sea Ovvut’s Yalv)

iV ) TypeI = Compner Type B, D=4 N=1 ORAMAIE
M

— ixp\?d{‘, ?n*uw’\:&%\fi S‘,ﬁaz VY @

— 3\15‘% a\fld\&y M&.mr Naw {qu'uv,ls

(Liwn Wg a<Mpr, lavm gougn qveors
mol bipl  amgmalees LU e, )




A —  G-bvnnas
1& N avivy =D 5-\1'!“;

e Vi tVa Vs

Q.%. 2~ . & 5—21,21,?1‘,) — (e ’l, e-?:l., < 'q,)
V = 1 (on,9,¢c) o+o+c =0
N ’ wod N

6 cLOSED STRINKS !
| GRAWTY

—_— “+
UNTWSTED + TWISTED SINGLETS

(omu.\nauﬂs '\-o Yoooe tn (2,2) \u'hwht
awvapor dr R watous )

E;-. OPEN STRINGS

5,9-% %
‘—\) XIJ Y"VI ‘ﬁ>
g‘b-b Lb cP m*:vi'f
{ o v¥ne !.wd.\ NS s

widas )

TWASLT | 9" —_— Yoh u:'ftwgpmkua

)\E'j = ?9 A ‘;;
X o % X WYo
e,




3€) CONSISTENCY : TAOPBLE CAWCELATIONS

VACUUH AMPLITUOE DIVERA&KENCES
AS .= oS

B0 CANCELATION REQURES®

% 9-b = 32

% S§-° =32
’\0{‘264\4 "1(0

| ¢
IN ADDITION , STRONG CONSTRAINTS ON Xe

e *ﬁ‘e% * Zg OT‘i&\h\TSQ\; —-B\\T‘- Ye = —H]

SOMETIMES
@) ALMST UNIGUELY FIXES GAVGE GROUP

Au® WMATTER FiELDS ( MopuLo wilsean HINES

> - ooc Lyrovad < ate. )




TAOPILES D6 NeoT
CANCEL (INCONS\STENT )

2‘;’ -231‘-?3’ ?; No 5~
TADPSELE S

CANCEL FOoR .

{
Z‘; 25; 2]1 31 q-b +.b
?‘12‘ 142 5°

ZyxZa , Zax Z¢ 32 q'bf
Zyx 26

W "
* S‘Qﬁftu\\g\\t {xlup\ls

is C 9“\ SU(S) L\ltuam t\ a\. a8

Z¢ E A Sul) xSul2) xV (1) KeKednodes + Tyo 98

a-\wo;us. wmeda\S OV f.\m‘"\\ n\q ‘L *\"'7
oV r\u\\ "\“3.\.:\“1“.S \

19& MSS M (s closa \g . ﬁw’u\md‘y




(4,1,8) + (1,4,8) + (6,1, 1)+ | (4,1,1;4,1,1) + (1,4, 1; 1,4, 1)+ 2)

(4,1,8) + (1,4,8) + (4,4,1) +(1,4,1;1,1,8) + (1,1,8;1,4,1)+
+(1,1,28) + (1,1,28) + (4,4,1) + (4,4,1) | (4,1,1;1,1,8)+(1,1,8;4,1,1) |
2(15,1,) +2(1,15,1) + 2(1,6,4)+ | (6,1,1;6,1,1) + (1,6,1;1,6,1)+
2(6,1,4) +(1,6,4) + (6,6,1) (1,6,1;1,1,4) +(1,1,4; 1,6, 1)+
+(8,1,4) | (6,1,1;1,1,7) +(1,1,%;6,1,1)
(2,2,1%) + (12,2,2,1%) + (14,2,2,1) (2,1%1,2,1%) + (12,2,1%4;13,2,13)+
(14,2,1,4) + (1%,2,4) +4(17) + (2, 15,4) (1%,2,1%:1%,2,1)(2%,2,1%: 1%, 4)+
| +(12,2,13,9) + (2,14,2,1) + (12,2, 1,2, 1)+ (15,2, 1; 15, 9)
+(1,2,1%,4) + (13,2,1%,4) A_I + same with groups reversed ]
(3,1,3,1,1,1) + (3,1,1,1,2,1) ] (3. 1217, 8. 18) 4+ (1,3, 15142 1)+_.
+2(1,3,1,1,2,1) +2(3,1,1,1,1,2) +(3,15;15,2) + (13,3,1%;14,2,1)
+2(1,1,1,3,2,1) +2(1,1,3,1,1,2) +(1,3,1%;13,3,1%) + (12,3,13;15,2)
| (U(3)" % U(2)%y? +(3,1,1,1, }, 1) + same with groups reversed ]
Table 1: Gauge group and charged chiral multiplets in some Zy and Zy x Zu

D =4, N =1 Type IIB orientifolds with GP-like projection. Only models with at
most one set of fivebranes are shown. All fivebranes are supossed to sit at the same
fixed point so that in models with fivebranes the spectrum is explicitely T-dual.
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Figiire 1: Figare 1: The three graphs contributing to the mixed U(1); X G? mixed anomaly.
The first two, the annulus (a) and Moebius strip (b), give the usual triangle anomaly of field
theéory. The last diagram (c), the non-planar annulus, cancels the contribution from the first

two.
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Figiite 2: The annulus diagram of Figure 1c in the closed string channel. Twisted RR fields
propagating along the cylinder provide the contribution that cancels the anomaly.
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