R —

1. Amjl nm]OAES

Stvings 2004

Shlma PAJj;'IES ot Low E.wEfS'hES

a7l ¥

- ‘H‘n&ﬂfahcaééd u'tnf;QE; o..f ey 795
Mew Gﬂ,mamﬂrﬂ_ fuw F&Y\[E;QE Pﬁssics
olleynodive {o  heteretic

b'lggocial'Inﬂ ﬁ? sfuima gc.:nQe, M,._. (fum HF =

. brone wovld cies-:rlp-kcm

. ;:Mmjs in occelevators 1
~ pm]lﬂ-:‘.llam ::e h‘uﬂ_fmutt«j a‘?{ewm{lu% {-b 59;\{:

5€~r?w~3 scale M~ TeV



'GL.I..{ Qim‘i

- b“bfﬂﬂe /'i:jl""‘- 1 fﬂa@-&&‘kﬂm
f;Dﬂ‘;:S‘{'EU\!‘ PET"uVLukUE G‘umar_ﬂcrl.

fov  low- scale ;‘}rfnﬂ models

+ gougR L?Evarclxj
- Brone susY  byrea |’~‘M3
. gouge sy mmﬂ.’wj brea Uwg

. Clondavd Moded emfaedéinj

- NS 5 -brane /431'72 I fEr:u..QiSﬂ-‘kﬁH

ollernobioe LS T fvomewov t



geﬁxﬁi}mhﬁﬂi nQ‘. TeV Elurimbs
fyre T = submm dimg
A
Tape T = tiny tmr'lin::l
5%1'%%&«3 mgppe,i leterohic So(xz) ( ‘E:jpe 'I\|
Cape 1: closed sl'ﬁﬁgi — %vuulluj‘

n?'?.ﬁ Eliﬁﬁcbs. —> 3&&312 5E'.c.|tﬂ*f an D-brones

A

e ™ g B

Biﬂﬂ;.l'j

—

prbrcmﬂ. = P-3 tum*,}ﬂ-f.t' dims  /

9-p b & 4

™



weok anrtnc:j = ngul:uin é‘-’tmi A E(ﬂrmc:} 5:13{
dvansuevse  dims - no tﬁﬂ&fdxﬂjf

a AL &des of wedica v o

L TxM i
HP = A W L
& I
b
‘__"-.-r_—'.;
ﬂ L]
M:* Plonck woss of 4sn dims
(a4n)

EQT%EHEEE .:;,?, HP/ =5 Enlnfu-anﬁE r
™M

T

i L
' -';.lnr-.n':a me&\ﬁﬁs : ,11 = Q
::JmmLﬂ- S,l\fnw.'j ul;‘ MFU‘;“)M H‘L &k MF
7 \
FeV/ 10" GeV

it}-.; i H’.’:-—H om



weolk mutntnc‘:h = G'mﬁ”“'“é' é‘nm'_-'. A 5{1:1&%3 5\3&
Avancuevee  dims . wo t,mskfdmjﬁ

0 L dims of codivy v =

1 FER 3] "
M= L WM g
P 3‘_ T
i
1+n .
M, Planck wioss of 4an dims
(a4n)

Qui%tnu.'i aE. “"‘"l? /Mx =t Enj;m-Qm%E 3

4 E-[dln% r_melncD . 11 . %1.

. l"uu:.]t - Sl.fl:l\n ::Jf ™M ~ ™M M
‘3 \ﬁ 3 Fu.m}, 1 <<' P
7 \
eV 40 9 G‘Ey
L::."'E o -.i:u-dﬂ crn
Mtn-iT-'q' - 0= 1-6 : ¥~ rm-[m



Gnntae. herawch N

MF >2 ME == wlvd Qﬁfﬁe ’lfﬁwsutfilz &lms?

i5
10 14
A a0

ov A

1y 21
t‘[‘*‘"'._i:({ai M}, )“ ,___,V
M h*‘\;\ 10°

Ter.hrf-mﬂ usL:ac;.l': S"'ﬂ.kﬁ:l&:llj wioa pon SUsY  Jacuum

™0 G;Ewrjt !.'_n*ﬂﬂzr_ll'tﬁm to SM f’.ﬁuF&ﬂgs. oS5 TMI — Ol
Tn lﬂﬂhtfu'n» no éq-:mpﬁﬂcj ¢ wosdess  bull { ields

Pf‘ﬂpﬂ-%ﬁli ey Qms {L-&ﬁ ; Quiﬂﬁ, %fuﬂt;t.}‘ e:;:.m';.

1.A.-Bochoy 98

1R Aluif%ewa = @MASEOW
e

/"JJ—D"_

I of woslecs Deced il'ﬂma

R

BAY éﬁu&nacm . OpeW g.lkf:na QEDP

1
“"JFL; leﬂ-f IR div = c[uulvu.iii S\ Y Mr



Condikion : no bullk FTﬂPﬁ%nl\‘:Gw W DAL chde. divn

or Qocol dadpele canceBalion = severe constratts
d=1: Qoo divevgyences
can be obsocbed wlo o Gale nomber of povomeles
solues of bolk wossess (ields o the brane yosdion
sunlor Yo wnormolinable Qield Jt]\EmU
RGE vesum <> cQossicol U eqs w the tvonsere space
Cooy dependence = Hﬂlﬁﬁf Aedos “wrelie

=N Huerufdn-d u:uQ_é be c'!-ral\ﬂrr:ww.é I"j M, SM EQF {*Gkhlr‘t&ﬂ\
- No _;;ui‘r‘ TeVN a.jtr‘m?'!-‘.

Seene Pﬂ*uka;‘t‘:um c;»,Q hlefnfckj es 5::?1-% 5),\19 of VeV



Do we weed sOsY & Mg v Tev

Typel @ non sosy r,.,LrIﬂr:J codels =\

L+ N i £ 1

~ M ~ M -

A

nanbta of quu.é.rujdr. div. fo A saﬂﬁ-& broben Susy
abene of qméfaltlc sqﬁi-;llr{u:.'!"j:

- A =0 (r;pqn‘mﬂ mbtl!-'ﬂ_q'i\

& 4
B M, s

brone M’L w* Abu‘Eh ™ _"Th

5:1.#15[2.{@!. '@ ﬁ.?p‘mﬂ.muk Susy  n He bulk
e.q. sosy & brolen {rﬂmﬂfé‘iumj aﬁQj an e brane

EFEMIC fE.uQ.ibohﬁﬂ : Brove sosy ]Dfﬁu.tmﬂa

T A, - Dudei- Eaﬁnﬂu{ G
Aﬂénénkng- Urnn?q ‘99



Mo suey in  oay wovldd E_b-d‘nﬁﬁ.}

l::ujr k mhkb Eﬁ.:k‘ L ovamn, ﬂqudn\ﬁh!

1o vmlnzr.‘: e qonge Lhaﬁm_luﬁ n%ﬁfm&%' 3*::.&'\-. -::mﬂcldﬂm

?ﬂé!c.]&hnz pmﬁmt naw Euﬂ.u n!r su'hmm EEH.Q'?.E

2.9, Q.n%\\’r -'F'Ln-{lnt.i X Sl N 15 eV o

i 4 vem
My

mn:i:.uQ.u.b = "m*i"

;;mynlv\% '\.n nur.n\ﬂ.um. fEQnL'me -l-u -famullﬂ:

1 I
My 2 |ar o PP
~ D

EXLY mnétﬂa mllk Qo?’ 5n,nsqutu3nj m ey, d, =2

= con be E_m?aﬁmrmkuﬂﬂj fested



Ag[TeV ]

1015 1 | 4

Excluded region




Brane susy breaﬁn?} Wy _‘_11:31[1{ & %Eufj

stable aon- BPS wn@l%ufa!énm of

browes - onh brane> o bfoanes uunlﬁ Qﬂ@f«:’:i?ﬂQé&

RF\' C-L.C“'%‘L {'E‘l'l‘:?."‘ﬂﬁ (i"'h,s -ﬂhufs{ )

D 3 .

D - ¥

0 ) )
5. . )

i -

g o + 'g —3 v ,D

5, y ’

sy : PD |, DB, J D0,

obsence ol hakjms: DD o Aiﬁﬂwe_wl- Jrj?e_

2. -Dodes -Sogaoti @9 e.y. D]- Ds

o in c‘&if{&fen]‘ Pﬂs.'t'hbni

#Qéu.}u{m.q - '-thman. %



Sim?QEz-t' MGJEG_ io D HB/_{'L 51.:-31‘1‘&‘::“‘0

il. - x
opewn EEC-L‘:'T
=<4

RR - cl'\u.fa €. {’Cﬂ S0
e ©A1 - =
€ DY 4 A=

Dm]i 5‘3 mmﬂﬁ'&hhnm =5 E:QL},L] SUusyY

le 0.9 -+ +

&+

€ D9 ~ +

open E.Qéﬂ'f - L 53%#‘-%1‘13&# anu '»'ou%‘

= Sp(32)

byowe sosy | vm\.'mﬂ DO

E‘m.ll:i\j ﬂtmia.iﬁ'__»;.u (evmions

with (eymons A {he. mmhs:jﬁ\ e p

*



Consishent r_[nl-fn[! maéEQs-.

- iR qu&i.ﬁﬂn. c.mwl%hm& = NO ummquﬁ.i

- No kncl»aulns
= BREY 8 Lff:'-u?.n on DS branes

- NS %uépnﬂ.tn =, f_hn.e-ﬂ.?.utﬂ\) F“-‘-‘?E“uﬂﬁ

Qu:nﬂlzq_é on, {-{m. (’h\uﬁ—ialf\) Il:runea
prmtl]r Lﬁu Q.r:.n-mpﬁlﬁ .

. T'L'/IL . :.Lum%n, . Ewﬁ::-'ﬁ.’.cl':hn Wy UAE [{Whlﬁé Eif—lﬁr
17 lewsor Muﬁ‘“PQLlj

: T‘/EL .z, ol dtscrete  dorsion
~odd D9 -DF | D5-D5 o

3;@1&& Lass of nlere) h "oy moady
Aﬁén‘ﬁﬁbﬁgw Thaneb ~Ouevedo
Th .- An%e[nnlean‘l - ¥ Appollonis - Dudes- chm-m



tree Lovel pnle:w*in@ = F?f:“ﬂ e crodil

need  brane)r -awtibrones of the some 'Lj'f-"ﬁ.

2

uﬁ%mlﬂe.:] :aEf:LDf T 7
L

e
Goliled seclov & D _e =1

e
browe ;v‘.‘(f

todpole  condidions s

DT = N, Dy . N_ DS . D+ Ds : D
N -N_ = I¢ D-D = l6g

m’inlwixlag.lrhm = W o 'D+ #D_-leg D.
N, +N_- 16 N_

- '!~E~':rﬂ|? Fnlﬁh{';‘m@ =} (i;u:‘u'-.ﬁ the  wilon G.'.-.as

— browes  seporation



A oy wo 3l
bosed on TE}/II n-ﬂ@,ﬂ‘!-'-. QQOA l.!:;:-l(‘lﬂ hvone. w
1A, - Renald; - Luiwoy 99

- 16 pon $USY  oni- D5 biones

{J.Q.Q_ {}hr L"ﬁﬁ ﬁfl%’\ﬂ = 5?(45} ¥ ‘;?(_-lh‘j. “}-.AL

.scallovs - (16, (&)

. levwmiony (120,4 )+ (4 120) + (e, ()

- bull . 3m.u'n{«j + Q- brones

teee lovel  geolar pujeﬁ'hog = Sosy  theory

Y aménmmjro.q h Y prx - muQ‘{'ine.Jt 3

&
o Yy = (e

oy Quedlows :  <ay #£o



DS - brane ac_imﬂlnm from the oNgin

i-EDBP a 2 ﬁLE\
V. (a,R) = R u | & f.; [;.l'h.!.‘}‘ J_cog hona. € 3
ec 3ak (20 }54. I_“?Jn.. Lot

o

¥ L NER \Hﬁéﬂ.ﬁ{'

'Ir L]
vV w SWVMYANTNMO. =0 == o= 0 LS
-

e(e
VF ¥
o W' o
€¢ la-o eCC o 2
- T4

salid {or ol o :_%. =1 -::,chbaﬂ TN

£L

n..QQ_ bvanes Jqu nondlo ng the Comp, Ihl.-.l'«.Jl'E'."!' Uuﬂ.

Sple) x Spluey — S$p e )






Realidic wodel ; furlher orbifoQd projections

5 o is  pro)ecied oway baf

compotalion vemoins Lold for charged compomds
i~ the cose & susy Pvajﬂc‘é::ui

framewark for  Slondovd Model hings

= ‘{mé:.au.\:ﬂe EW E:jmm&‘[fj LYEgE]na
yl
Vo LY & ):.1 Uvﬂa)

& A Stuawn bj coly D—-}erma

L

po= - 31 51 M: &0 .| BAR 'Qn:-n[)
- Suogy pfeé‘@limm fav the hlaag mass
- M L M

5 w/o

& E-_{hﬂ'tu.lecl l:nj -”ﬂé PI‘PU\‘H':.-U.I Cﬂmpur[ulriaw



E#panSion mfmm_-i the bﬁ%"lﬂ

: 2
geuae wWinafiance - o — Te D



Expansion  avouns the nfica:tﬂ

; 7 <
gouge wootianee 1 o — Tr D

R W & &
"r"+f’].rTf@.+ {3(%)

y e % 5 LRE
sy s B (8 8 (i) D™
2n (20)™ I-vf‘l n
0.20 — 7 T T | | T
015 r i

€ 010+

0.05 -

0. | - i P L 1 e
G%EE 1.00 1.75 2.50 3.25 4.00 4.75

H



A  D-browme Embeéétﬁ% ol the Stondord Model

TA - Kielsly - Tomarey nqp‘?hkm{fm,

N cowncident brones s D
U ¢« coupls = Sy
D = M
with cknvse of fi = {
+» qouged bovyon namber

= mln'{mnq chaice : U(z) = u(e) » U(-i]
¥ f s
coloe branes (?’3\) weak brownes f_':jh"j 9 "

Lz) = 31=t33
U browne with {

UlL) = YN



(e vrmion taanﬁ_rnj:tan
Q (3,254 ;w0 "h,ﬁ
i i o | X L]-"i"'j

¢t 3 &y, 0 g O

k.jfe.rc_.inn-rﬁa
€y= J"Ei -;...._._-.-.!.}{L ¥=-4 w=o = :4
{.3-_ 1’;”3 f-‘_:i?.l_ A=D '-jz‘l w=T4d
-fi.IﬂLg - L
W 5 L
9+ 9 15-"“*-,,r1+ 6 C, L?‘%L
3
4
3 =
1 E

5

J(3) = uGi)

o
(1)

uL)

Y=20e,Q +¢,Q + ¢,Q = 4 Pﬂiﬁhﬂil-‘tﬂﬁ

E= -L/(ﬂ‘

g |

'Lnlu



0.26

0.25

0.24

Ms in TeV

corvect predickon lov z-im"‘ﬁw fov M~ few TeV

i) wills -:.nﬂ.m‘ branes



J(3)

I 4 FEH*"—""Q?E, e



- masses  to ol qm}w't-g. + Qeploms =5 2 Higqs Souble s

_J.,]M,_ ‘rEmafmlﬂ% Ir‘.x‘n-::. k}(ﬂr5 . unumuﬂuus.
Teen - 5c_kmu~r§, unum::\.Qﬁ r_nﬁteqflﬁjﬁnn -

:.Hﬂiﬂﬁ sl 2 oaxows = UQ): becowne mossive
= %QD]!DG.E {?lfln.whnk‘iut\ f;s.ammeiriesz

. bmrﬂnn rumber = '{:Tnjfﬂﬁ 5+ul:11'?.1{-uj

P& ~#~ﬁp@. 59 rnmf_‘r-j = clecdtvoweak oxion

F
cony be :zanic_l W.;j beolen Ibl.lj mau"m% -;.Qi%klt(’.j

CWoY (vom the mbigaﬂ {Id-mlli‘ e 75

£

- R - neulvines s open '5‘}1‘11-'.%5 v the balk HL -,,}R
Avkom L"t&m&é» =mmﬂ[?t:mﬁ\m*hunﬂih M-nw‘.!'-\. 'F'm,.,.g,;_ﬁ._tx

Dewnes - Dudas- {,hmjhe,‘r#m ‘98



- mixecl U{{!ﬂ. - non &Be&an unﬁmqﬁlﬁ.

2
(_':1:11- 1.&\ O zﬁ k, Tr E AF.

A — A+DDAN u.—ru-—-‘ahz"\
Dine - Sei Lu,ra_wlllgﬁ

= m‘tx.e:;L UU}A - nl::er?inn n.ﬁﬂmuQiES

£
v ke = T QA Y =  Sawe@ oL won ﬂ.Lﬂth,

- 3 = Te Y &: =  Chern - Slmons  terms -

i ("A,‘,n‘u}ﬁ + &F?AF’QX



, 1.A.- Pioline 9
Tupe 1L *=.-thh%'5 !

Mo -I:}.'OE{J.;.G-\I'\ aﬂmmjfﬁas vNOW -?H}KUTED-L:HE ow O. S-brane

II.“""'Iﬂ.".r

P.ucmﬂiéerl o E'nn%uan:haa ob he ‘wleraal mami-ﬁnﬂci

o ? _“E i
‘I e —— -_}.{‘: * l‘n: %L

New ?n%‘*b‘u&"&ﬂ: Qu.rtao.hﬂﬂ- "'-"E MF = J,-'..n.d sjrflu.c} “"“‘TE‘“S

ol cady o, Mt I e
- / T

- Np -s.{mwa ﬂfud\‘lj ab Tk
= 5-13“&{1 ! ancsi.{ﬁc;'l"mtbﬁ (tev) dims 'lt;rhj

vk |r\ c:juutﬂ =] 11 n‘lE Tﬂc;'hﬁﬂ 5

Jim ow T HE{QTE:I'?EL with smel 'tm{‘c:.nL:mE
Benalli. 03



}.1——?{'.’ = LFHEE S'-hirnﬂ T‘Ltﬁf;f r::-f‘ B Eﬂwﬁgies

T il o I?im:ri]-:wuﬂﬂ.'b - (RSN 4::‘. &WEM

= El'ﬂ'-‘l%E "\ﬁleg._c_ " OWS O ”S‘ L - Lranei

1B . 0-bvanes
end ?ﬂ'iﬁl-‘h of brElf:ﬁSS on NS 57

T =T L a M L . sepuwn]riﬂ-ﬁ

TA . M -:L::wc;.ﬂd" 5|fin35
Eﬁc". EAHE}, E:F Ha- I::I"EJHEJ on NSS i

T o= Tﬁi L. = H“-'/"E e J-uaﬁfllll“{ {frum 1B
1



- Neafrol  closed Gitle 51lv1n55

JHD\]:FEJ‘: I “‘vE U*l.ﬂc.'-.n;i:j t}g .5-;31'111-*«-&_5

double scczﬂinﬂ QAm-.l A —o L- o

g
HE/H IR
9 = _gl = { "
LSY
LM, Hlt
1
i,/_r )

LST

-1
TA: 'aL;T A =3 M.‘ < '1"-1_" < Ri‘f

o (e ,slﬂmas.: F‘urf' Jifdnug of new F]wjﬁ-til.



= E.Jm,!;]@l{:) n-f He{ﬂqf:\\ﬂ : r::.ujlﬂmu.{l:
= Jj.lﬁnﬂ :-'lrm o = need la 'lI {'_GWECJ;EHS.
fo the EfCEr:f?dE pﬂlleﬂ*giag
b f‘i‘lhcl:-f'&‘- Yes € uﬂmmmﬁauj UQ)A
o e Dobione “hdlen’ seclor

L
T %A M.i ?’_ﬁ_“‘ :i'rf = m

-

~ dilalow c:c:up'ﬂincj lo medlev: ¢ ollicuwenk

|_\h\_—-—,‘r

~ A P g
ﬂ_,fHF @( /,,,,;

= WO enrp c_uu.j.h’ﬂ.fn; On i.’.l meass

- A< O(M)

N < N = N =o Jo 1&:&’;5

Eﬁf

~ M
ﬁ 3- L.:ubr.'.' ﬂﬂ M; = j"l/h‘;,



