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with MTz kink



¢ Introduction

Weak scale SUSY is /Derﬁaps the /eaa/ing candidate
for mew physics at Tel/ :

e Protect the weak scale fram ?uac/m{-/'c a/ivergence
° Ga“ge cou/)/ing unificm.‘ian [tw‘t—ﬁin the MSSM)

* Good CDM candidate /una/er ,Q-/oarit/)

o Eas'i/)/ pass the Frecisian EW test



If the idea of weak scale SUSY is correct,
LHC will be able to discover (some) saperparticles
anJ /.n]['Df'maé-ian on S‘/Da"f'l.C/e S'/DeCfl"a s

Mediation
Dé‘oft- mechanism
> sparticle @
masses

Constraints on o[;oﬂ_ from FCNC % ,979/

= [746(78 mediation /4noma9/ mediation |
Dilaton /Modulus mediation ,



In i'y,oica/ 4D effective theories af String mode/ ,

anoma/)/, dilaton /modulus and gauge mediations exist
i'oyeééer , a/f-ﬁoagﬁ the relative im,oaf-i-ance of tHhese
mediations is moz/e/-a/e/oena/ené.

* Aho»m/z/ meall'az‘-ion Randall & Sundrum ;
(7'”40,['(,'8; Luz‘y, Marayama & kaH'azzi

Mediation by 4D SUGRA multiplet (> g, ¥ )
which is most canvenienz‘-// /oara»;eferizea( é/
C = C + ﬂzﬁ'c.
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I particular type

X /)/'/afon/Mo‘/“l/“S mec/iaz‘ion of ?raw't-)/ mediation

There can be a’i/at‘on/moa/u/us mediation in any Hea;y
L) / ~ T jauge caa/?/iny modlu[us
v =<7 7 [ = .S'z‘rin? dilaton or volume mo/u/us)

72
(&0 LTwws = R (-4 BoF?+ PP ")

- .2_-/' FTAQAQ +._.

> m?aayi»o ~ 0 ms'fermion -~ T

|  dar /
l4f /eﬂJI”y 0"/6/" m 87T 2 s 8752’(7-"'7'*)4 5 T—mea/im.‘eJ

soft terms preserve flavor £ CP .

[ dilaton mediation in heterotic s{-rin? . volume wmodulus
mediation in Type IB string )



F/avor % C,D conserl/in? moa’u/us mediation

KcC, .Teon? & Okumura ,
/ arXiv : 0804 .4283

* Gouge coa/o/iny modulus 7 =< [ >

in  flux compactification :

/ ” ”
¥
gty X he X X

expansion of 4D effective action which is expeci'ec/

and Jefl’nes controllable

2

to be as ?ooa/ as the /oa/o expansion in 4
gauge i—éeor;{ .
X At leadin g order in this expansion , T couples

to matters in flavor aniversa/ “’“}"[-rea/const‘a»z‘

¥ Axionic shift symmetry T — T+ 4id assures
T couplings to matters are CP conserving .



e Flovon moduli U which have /u'gé// non-universa/
coulp/in?s o matters to ﬁenerazfe hierarchical

Yukawa cou/o/in gs

y‘.. ~ e

o Very often, T % (/ have different topo fo gical
origins , so that (/ can be fixed by flux with
m,~ My , while T remains [ight with m_ o~ My,
9. T = 4-cycle volume, () = 3-cycle volume .

o,

topofogical moduli mass hieratch
- topolog 3 erarchy
3-form Hux = m, > m_ > FT & f

% /:/avor Z C/D Can$erl/inj moa’a/us mea’/az‘/“an.



* éaaie mea/iafian ( // Mura)'anm’s‘ fa/k)

SM gauge céaryea/ vector-[iLe exotic matter fields
T+ E  with /a/‘o X FE

—_—

messen?er L meS'S'eh?er mass 7”0/“/015

{ = Flat direction in s'u,oef-s/mmetn'c
[init with [1" —>» 0O )

Ini-egrafing out FH+F at XD =X+ 6*F*

X
m . m / /
5- Jau yiho ; s'ferm /on 87> Xo

Mos‘l‘ of known s'emi—rea/is'z‘ic sér/‘n? maa’e/s AaVe

exotic vectot- like matter fie//s.



In [sl-rin? —mol-ivazf'ea/) models in wﬁicé anomaéf,
a’i/ai'on/ma/u/us an/ gau?e mea/ial-/'ons caexisz",

the resu/z‘in? /oaHer-n of s/om-i-ic/e masses js
determine d 6#

Anoma/)/ S pi/aéan/MoJu/us : Gauge

L Ec . F
8nz C ) T ’ gz X

which are determined 6/ He stabilization

mechanism of T %5 X |

Fverett., Kim, Ouyanj £ Zurek ,
arXiv: 0806.2330 ; 0806.0572



¢ Stabilization of T (=gauge coupling modulus)
- ]

o Al cou/o/ings of T are of the yral/iz‘a{-iana/ S{'r'engi'é.
e (V> = kg FIFT=3Mm, =0 (My=I)

2 T, 2 2
> k. [F'l ~/-T£/ =0

¥ Three different schemes of T -stabili zation

U | F°

Gers dorff % flebecker ; Bery . Haack, Kors
Stabilization 6)/ /oeri'urbaf-ive Kahler corrections :

£, (>0) ¥. (<0)
K = 3/n (T+T") + (T+T*)3/? L ( T+T¥*)?

W Wo = (f/ax-ina/ucecl) T—ina/elpena/enz': S'a/oer-pol-enl-v‘a/



gy L . = - L ES
T In ( Mo /my;) = C

Stabilization b/ nonferi'ur-éai-ive c/)/namics

W = W, + Ae-aT ( KKLT)
KC, Palkowski, Nilles, Olechowski

= _E_T_ N~ o My
T a | /n (Mp.e/m%)
-T my, / Ff
C) /;_ <4 ox? ~ 27> C
W, Moo
Flux stabilization mr ~ ( 27_’;“ > (T
FT my, My,

T T T, Y T



‘ gf‘d‘i //'za zf'ion of X (= nesse»l?er mass moa’u/as)
- ]

VD> = kﬁ/,—zf,-*r_gm,i = 0 (My=1/)
/(x;?/Fx/z"’ /Fx/z < (9(’”3/23) , however

it is allowed that Xi)f > 7}/% ’

X Three different schemes of X - stabilization

X

[onven{—iana/ gau?e mea/ia{-ian



/.TX N FC
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A Pomarol & Rattazzi
Stabilization 6/ SUGRA effects

2 7 FX 2 Fc
/dﬁ 63 /,;(n-3 = —X—o— = w1 C
pe

X -
) - F

nvs

X T
Stabilization 5)/ the D-term of anomalous U(1) :
T — T +.£f“o(cx) , X — e"".?xmn)(
T- a/e/:en dent [ I term
Py
2 T2
f[)A=J;s39/<_?x/x/ ~ '7.—'/
FX FT KC % 72»0;,3




(onsideration of moduli stabilization suggests
that mixed mediations are e?aa//)/ /oroéaé/e as
the sim/o/er- mediation dominated 5/ one of the
anoma// ) a/i/afon/moa/u/us % yaaye mec/iai-/‘ans.

anom a/)/

[
deflected

mi/-aye

Each scéeme yiVes gaiz‘e a’ifferenz‘
pattern of Sloai-{-rc/e masses .



* Graayino Mass  Fattern <G o il
c—— ]

Consideration of moduli stabilization leads to
three distinct /Jaz‘t‘erns of ?augino masses :

e Assume the Az‘;é scale gauge cau/o/in? an/'f/'caf'ion.
[ # of messengers

. M. _ _LFT_ N Fx 4 ba(TeV) /ic
4 92 )Tel/ T2 gz X /6 L2 C

7

—V"
universa /



e mSUGRA Fafz‘ern
Modulus or gauge domimation :
FT /:,'X

2
- ~ W A or T > ¢ m%

= (;—4}) = univer-sa/
a J/Tel

%MgiM,.?M/ =/ = 5

v i Tel
o /Inoma/y /Dai-tern

FT ”’3/2 /:;X

> (% (T
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> Mo MM
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o Mirage IDaz‘éern

ﬁ—’ ~ m3/z or _fi).(. ~ Y, %
T /n(Mpz/m%) X *
M~ - M. /"/,.,/ ~ (1+066): (2+0.200) : /{—/.30()
A Y
| (KKLT)
E % A;/j'v'x M) | 20D Wa/f/x”/:f 3
T - eflecte
(Zi?— - ;”71: )/ {m,/z) N (a»oma./)/ )

Tl / @ [3 : 2.5 («=1/)
] ¢ (r2 : /.7 (0(=/.5-)

) . _ / : 6 : 3.8 (o= 0.5 )
hot L

= [om/press-ea/ s'lpecz‘r-um compared to other ,Dm!-f'e/—ns'



Mirage unificafio» of sloa/-f-ic/e masses

KC, Jeong % Okumura

Mgr= M, [1- }7‘{?&2(/“)/" (Mmre%)]

mogr = m o+ M Hp- /57;:z s b (Poirege/ i)} 47>
_ —271:‘/0‘
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GuT

25 T 2r
|
| | tanf=10 \ a=1 ] r
o1 . o[ M;=800 GeV | ] o r
\ : L m,=172.7 GeV ]
\ i ! )

L | I ] - ’
0.05 [ 1 \ | W i H /i
I —— il
S P ] 0 !
. T r— : T 1 o S : 1
— 1 0.5 il = I s _ 3
x — =
N o I ! & ] -05 |- o tanf=10
[ I M,=800 GeV |
i b m=172.7 GeV |
L 1 T B T T 0 e ! . - L 1 R L TR N IS L I
0 5 10 15 5 10 15 5 10 15

Log,,(1/GeV) Log,,(u/GeV) Log ,(1/GeV)



Mé‘ : M M.

Vo3

anoma /)/ loat-t'e Fn anomaé,

s s - - eas $2Teeas 020 S

mirage - -~ o
pa ttern de f’/ec ted a'ef/ec ted Mil"a?e

a»oma/)/ mirage
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m SUGRA modulu s
patternfs 1°7° (msuGeA)

< sfermion mass pattern >

Everett, Kim , Ouyang , Zurek :
KC, Jeong, Nakamura, OFumura, Yamafac[i



¢ Determination of s,oa/—i-ic/e masses with
the M kink

T2
— 2nd - /igl test neutraline

N\

y 5 %2 > /’K, — /lyh‘es{- newtralino
assumed o be LSP

If Hiagsinos are heavier than W % E
X & X, are ?auyina—/iée :

(7 2 : & (mSUGRA)
M~ : sz : MX, :::{ / ¢ 323 : 7 (anoma/)/)

§
[ h32s (Z'Zie/)

/</<LT



/ls the spaf-i-ic/e deca a/wa)/s im/o/:/es z‘74e invisible
LSP in the ﬁ'na/ state [assume /Q-/oarfé-)/ ) ,

measuring the sparticle masses is a nomtrivia] job.

° Invariant mass endpoints in long cascade a’ecays
Hinchliffe et al ; ll/ezylem et al ;

<? e [cm-mirem?-m:)
T~ X2 :é- 22 - 7”~
7 N\ |

\ N~V -
\\ﬂ, l mnax — V(m mx)(mz x,)
< el m,
x, g
M.>M > M n™  m™ m™
7 X2 A ¢z 22 , i

% The accuracy of the overall mass determination is not good .
% Such a /ang a/eca)/ is not available in maa/e/s with

My > M,



o Kink structure of M

T2

Cho, KC, Kim, Park
Typica/ SUSY events

\é} Visibles with /? m

invisible x with E . ",

=5

m

7
§”:}F;,”’

2

Ry

)4
N
"N

Y
kK, k., mx are unknown exce/n!- fo,. /};"'"”= Er*'kzr

M Genem/fzaf-ion of the transverse mass

fo the events with two mfssiny /Dari-/c/es
Lester, Summers : Barr, Lester, S‘ée,oﬁe»s



y 7%} visibles vith P, m

————>—  jnvisible with k . W,

N~ k. 7;; 7)7;= ttial LSP mass
£ §;:} P, m k. = t+ial LSP momenta
2’ 2 4 o
satisfying K, +E, = kT"' >

max, o~y may M (p m, B.,m 7),)}
m
MT’- ( x) fall events }
J_ MOHer fﬂ)‘i‘/‘c/e mass

may _
( MTZ (M, = mx) = mY )



The en//ooini' value of Mrz as a function of the

Lo

trial LSP mass mx generica/// can have a

kink structure at 7"; =nm, .

Mmax [ ﬂe Séarlnness af kink aleloenals
{2 |
on the available Jai‘a set fal-

Y — x + visible Ioarl-ic/es

* Aplo/ica{-ions of Hhe /'47.2 kink

'mY ,
: to the determination of
[
- m., m. . m
m | m, / 7 x
— > M. Nojiri’s talk

Simaltaneous determination Y.§. Kim’s talk
of m, % mY Y. Shimizu's talk



Why kink appears at mo=m, 2

}7&, m: + m,
—)——% by t Z/Wv"'lp ﬁ*f; /—:., )

” 2
x Ly = m,  for all events

E\'i—m,oo/af‘l'on to A)’,Doi'éef'fca/ /ecay with same eyent
variables m, . P; 4 P; s but with al-éiz"/-a/—/

~Nn 2 _ :.+ ~ 2
2
/ F o
= o< 2, p2 ~2 2 )
g \\\5’\' V—‘ +2/va'+'ov' ‘/mz+ﬂa —lpv Px)
n. .
x ' lx

- /lypaz‘.'ﬁef'ICa/ mafle,—

par ticle mass



4enef’ica//)/ different events give different exi-m/oo/az.‘v‘ans.

?h;(evenf 3, m,)

?n;(el/en-t 2;m, )

/ @(eventi;%)

|~ max
"”r
~S
—> Mx



3% - _ _ mz-mz
El/eni' /4 . fk =0 , mv_—o , P = /; = 2;; x
4

v

et ~ / 2 4,2 2, 2.2 2 ~2 2 %
7”!(/41 m)!) - -27; mz’mx"'((mx*mx)+4-mx(”lx-”lx)) ]

x El/eni' B 5 FZ =0 5 mv’= mk—mx , /D”. :fx =0

I ase that Y — X + multi-visible fari‘/'c/es , the
available event set can contain both A X B

m(B:m) = M-mtw
me=my
*El/e”i' C ® /Dr = 2m 2 mv=01 /Dz=0
b 4

( Lorentz boost of A )

7'”" g 2 }'}IV 2 4
Y( c:m ) = [mx ’ 7,,':—'(”’):-’”;))



fy

; h;) o Kink becomes S‘Aarper if
m,(

9’;’;) the available data can

~ ~ ive a [arger range

m(A:m) 7 fer revge of
m, or @ .

o For v+y Ipair a’irecé'/)/ /Drvc/uceq/
éy PP > the range of IDY /S
[imited, so the kink is mosi—/)/
due to the mon-zero range of m

of He multi-visible Ioari-lc/es

S in Y —- x + Visibles .

My



(onc/asion
]

¢ One can classify the patterns of S/Dari-lc/e masses
based on possible schemes of moduli stablization.

knawn scéemes 07£ 7n00/u/i sz‘aéi/izaz.‘ion su”esé’ i-éazf"
m/'er anoma//, moa/a/as Z ?aafe me//'aé/'ons are

as /Dr-obaé/e as the Sim/o/e mediation dominated
é)/ one of the inVo/Vec/ media tions.

¢ Ex/)eri'meni-a./ measurement of mé"/,;;% will be useful
for discriminating different SUSY-éreaA:'ng schemes :

mSUGRA  pattern : i m, " J
anoma/}/ pattern : mg’/mx ~ 9

‘mim?e IDattern : 7”9"/»,}r can be much smaller



$ MTz - kink m:’yﬁz‘ pro vide a useful tool 4o
determine mﬁ’ / mx [ possi 5// other sloarl-/‘c/e
masses also ) ot the LHC.



