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‘ Sfaéi/izafion 07[ gauge COu/D/J'nf maa/u/us

and  the gauﬁ/‘no [sfermion) mass /oaéz‘ern

¢ 6/uino sttansverse mass (Mn) which can

determine mf % mxl

S‘e/Darai'e/)/ and

/aro Via'e informa‘l'/'on on M-~
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LHC might discover weak scale SUSY & and ,orow'/e
in formation on sa/oef-/oari-ic/e spectra at Tel/ .

gilloef'lﬂﬂffl.C/e masses at 7—6"/ are a/ez‘erminea[ A)/

o goff /oara}nefers inc/acez/ ot AI?‘ messen;er S‘ca/e Mmess
- ,Qé runni»; 5e/ow M
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¢ Z‘;ii'ermea/iaz‘e Sca/e fﬁresﬁo/a/ effecz‘s
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Generica/// , RG rurmi»y £ intermediate thresholds
a/e/aenc/ on the details of ,DA/SicS at Scales between

M

mess

& leV, €. extra matter or gauge interaction .

Unlike sfermion masses , RG rumming % possible intermediate
thresholds for gaugino masses are ﬁigﬁ// constrained by
Jauge coulo/ing unificaz‘ian :

* At one—/oo/o, /V‘t /yz do not tun , while the ,?6
l‘unnl'ngs Of y:' are constrained 5)/ -He measurea/ Va/ue9

174
at Jel/l and +he anificaéion at Méur = 2Xx/0 éel/.



* Zni'ermea//'ai-e z‘AresAo/a/ corrections 4o Ma/??- have a
direct comection to the RG evolution of 3>  thus

are constrained also 5)/ the gauge cou/)/ing unification.
- §ensi£ivi£/ to wunknown loﬁ)lsics at TeV < E< M,

1s¢t £ 2nd 3+ ?enerai-ion

724q el < ?enermf'ions £ //;ﬁg
? Gaugiho mass /Dai-t.‘ern IS a ;ao/ Ist Sl‘elb to revea/

the nature of tHhe transmission af SUSYy érea;ézh?

at ﬁigé messenﬁe/- sca/e.
kc % WNilles



/ Gaugino masses In generic SUSY éreméinj scenatio

/) ﬁi(ﬁ s‘ca,/e gauie cou,o/in? anificafion

Assumptions — gauge coupling modulus
F PREDS S A A
yGlIT
- small thresholds <CBFa> ~ /
> 72 = T + "7z/‘ Afa ( a= Sy, Sve2), V)

(_/‘i_ ) _ 3/_ FT + /ao/J thresholds at scales from)
Mpp= 1 or Mevr to Tel/

E————

If FTN ;773/2 , ?ral/,'é/—mealiaz‘et/ /00/7 ‘l“reséo/a/s af &(ZZ:)
tan be /'7norea/, and +hen the convemf'iona/ 3mw’t/ mediation

with universa/ M“/?:' can be rea/izea/ while yil/in; a
vanishing C.C @ |/ = kﬁ/FT/z-smyi = 0,



#0#/61/9/‘ most Of ,énown MOJu/I. Sl'aéi/izaz’-/on S'CAG)IIGS

give rise to [FT] <« My .
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¥ Race track in G co)»/laci- f/caz‘/an of M—Heo/’y
Acﬁar/a Bobkov, Kane. Kumar, Sho
- ZhT

T 3- c/c/e moduli of G -(amloac'hf:cafion
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In ( Mpg/ﬂb/, )

If 1F7l « My, , we need other source of SUSY 6rem4ing

/C,'x ~ 7”3/2 {a,o/ifting sector ) ;ei- Vam’séiny C.C,
and then /oalo threshold e fects associated with F X
( even gravit)/-mea/iafea’ ones ) can be imloori-anz‘ ]



® éau?ino masses With /oo/D thresholds from [ X
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1—) frvm ML = suppressea’ cauf/ln s between
pe X % {Q R}

-K . + .
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Q= light chiral matters at Tel/

7 = intermediate scale messenger's which have renormalizable
caaf/ings with X / do X TE

R = saloerﬁeav/ regulator fields ( My ~ cut-off scale)

K (TT'X.XT) = Kihler potential of X & T
vz &5/ Z, ( ZUTTIKX) 5 Kibler metric of T, )



(Ma) . LFT 4 b (Tel) . SuéRA
o TeV o F

G(T)
- [z—— + zaco)Jln(Y)*Z(‘*CR)J"/"//MI ]
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The negu/arizai-ion scheme Je/)ena/en-é threshold correction

- kof:
Aw /'?45,).: — f zam);’/n(em:z‘)

(an 58 ini-erlarea/ea/ as {-Ae UV Hresﬁo/Js of (9( :”;/:)

due to the Planck scale suppressed couplings between X

an6/ ﬁeal// Si'rlng)/ /</< £ GUT maa/es 7‘0" utoff clasen

to b
0 ve JMS'f' ée/OW MUT ’ ana’ gener/ca//)/ non- unll/el'Sa/




§cenari 0 /4

Such UV sensitive thresholds are ne?//iié/e /7[

F T ~N m% (Comléni'l‘ona/ ?fﬂl/ii}/ )})eJiaéion )
or Here exist inz‘erme/iafe S'ca/e Jauge f’ﬁres/;o/a/s .

/~‘ Z ﬂl_-) > 7/'13/z ( Jauge mediation )

87'z X

> mSUGRA faz‘t'ern

M.\ _ /.. | =T /
(_g?) = Universal —+F  or ;;3;'/: :ﬁ:

éMg:Mﬁ:Mig g/:yz:js:::/:Z-'K a TelV



Ma | T b (TeV) . Sy&rA
(—:) = 3 F + 2TF
TeV
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T gm? X

Howeye;- /f /FT/ & ”Z?A Qas ﬂan-/aerfurﬁafive (0/‘ f/ux)
stabilization of T suggests % thete is no gauge me diation

at scales below Acu'l'aff ~ T ! one need's o Fnow

AUV/ g_‘z’) =@ (n%) to make a reliable /Dre//cz’-/on For

gaugino Mass faH'ern P which re?uires infarmah'on on

the UV com,o/ezf'ion of 40 effective SUGRA at /Ld_oﬁ,



Scenario B
X /S Se?uesfereo/ 74'0’” éﬁe visible gau?e sector
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¥ ﬁ/on-/oerz‘urbaﬁve stabilization of T
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T My, 7773/ .
~ ~w L > Mirage pattern

% [flux stabilization of T
FT <4 L7 = /’nama/l /Oaz‘tern
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5D context : Pandall, Sundrum : Laty, Sundrum :

A ; ' Serucca, Strumia, Trincherini
erin Gregolre. Rattazzi, y
Warp 86/ Se?uesf g (cf= Anisimov, Dine, Graesser, Thomas )

KKLT antext : KC, Jeong : Kachra. Me Allis ter, Sundrum

SUSY - breakin g brane

(am,‘i-D brane . ISS)
Polony »

Visible
Sector
brat L gu=ey,

9 [Flux com/Dach'fica{-/‘on generica/// Ioraa’uces War/)ea/ thrvat

9 An)/ SUs Y-breakin? brane introduced into k/al;ﬂec/ geomet'r/
is stabilized at the IR end of throat .

? SUSY brea;éin? in Visible sector at the (/V end is z‘oz‘u//)/
in/e/oenalen'l' of the nature of SUSY-breaking brane .

Y Anti-brane at the tip of throat provides /oerfeci-/)/Ncant‘ra//aé/e

SUSY Areaoéing at UV end : /Z_O/Jsﬁho ~ 82'4 (/%u:/)



X /Van/)erfuréaf'il/e stabilization = Mirage /Dat‘z‘ern

M,}' : Mﬁ : Mfi' = (1+0.460) : (2#020) : (6-1.8& )
_ / ¢ L& : 3.8 (do=05%5)
- { /[ @ (3 : 2.8 (u=1/)
/ 2 1] ( &= 15)
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. m

ol = &':J” oC — % — 1 in dilute flux fimit
?607, F /n(Mpz/ma/,.)

Another scheme : ﬂef/ecl‘e/ anamaé/ mediation
Pomarol, Rattazzi

M. _ | F* ba F*
-}%’ = oy TOE (7 V’)

¥ [flux stabilization of A > Anoma/)/ /Dai'fern
Me : M. o M., = 33 : [ © 7

; ” 2




' iLication of sparticle masses
M/rage umf/ca{-/o» f particle K, Toong, Ok
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Scenar/‘o C

/FT/ « 77732 , and FX~ 7”% is not S‘e?aesz‘erea/.

° ﬂ_:-— = 9( Z_’/:) are /u'gﬁ/)/ UV sensitive

A

¥ generica// non—universa/

¥ can be mirage or anoma/)/ ,Dah‘ern /n some s,oecia/ Case

’ Moy ™ Fx = 9 (M) : Loop split SUSY
# Wells

/Von/)erfaréafil/e stabilization of T % ans‘efaesz,‘erec/
f-tetm u,o/ifl-ing scenalio ;enerica/// leads to such

/)attern of s,oari-ic/e masses .

Gomes - Reino, Scrucca 5 Lebedev, Nilles, Ratz : Dudas , Papineau, Pokorski
Abe, //igaki, koba)'asﬁil Omura ; Acharya. Bobkov, Kane, Kumar, Shao



Summar/

e mSUGRA pattern : dilaton /modulus domination scenario,

gauge mediation , ?augino mediation, -

~ - : o : : ——Zv— Z
My = M M,?. |2 6 2 m, 2 6
. 'mira?e ,om.‘tern : monferl'arﬁaf'il/e stabilization of T

With S‘e?aesf'erea' ulo/iﬂ-ing /
~ - : L, = . . cam,oresse
/Vg Mﬁ; Mg [ : |3 2.5 2 S/Jecz':‘l‘a.
( in dilute flux [limit)

o anama// loaft'ern : Flux stabilization of T with
Seguestered uplifting

m
ME=M;¢Mi33.3:/:7 %75,-27

Ul sensitive FaH-ern : non/oerfuréai-iye or flux stabilizat-ion
of T with unseguestered uplifting
//in)/ (/l/ sensitive 3aagino mass Fatios X< Ma,\, 7”;,;5

§m?




¢

Gluino stransverse mass ( My, ) which

can determin m ., m m.
n determine MM, %,

® [ransverse mass

=

missing momentum
I /

W — L Pcf)
Pﬂ=(ETca$£7, -,:a ETS'I'h‘7)
1=4h(E%/e-p ) . E=NIEr e

o= om o m(EE R )

2

2 _ 2 2 -
m, = m£+m},+2(ghpr’mhs7-/;.z) 2 m

ax _ Maximum [m (P )] can be determined

7”7_ over
all data as we know M,



Py S?uark MTZ Lester , Summers | Barr,lester, S‘ée/péeng

7§ —> Gp) X FRI XL
We don’t know nm, /et, so consider the transverse mass
of 74:' ﬁr a f?'ia/ LS/D mass 7’;7;
m BB W) = W, + 2 (EF-F-F )
(& - [TPFe 7 )

S S ~ oo 2 o 2 . e
m. (Be. By iMy) = Mmmm[ max (WP L), MLCE h i )) ]

72 over
,)r"'/ir=ﬁr
max ~g = Maximum [ , - m ]
mr. (M) i M, (fr-br i M)
all events

My for M, =,



l?cﬁavior of S'?aané s{-ra»sverse mass /mr';'” as

o4

afuncl‘lon af fria/ LSP mass mx /oraw‘ales a
relation between 7»; £ m)‘

longitu dinal g at rest . " ">
T__, T e IPl= 5t (1- 53) =
transverse fe P> Zcp) 2




~ G/uino M-,-z ( stransverse mass)

55— 9P Fp XCE) P FRI XY
£ WAF By B )= i B 4 2(E B FrBr)
#2[( Brtbir) By = (BB ), ]
( & = [1g, 7+ 7> )
¥ m;(ﬁ,,'é,. Ef,gr ’ ';; )
< Moimin [ (w2 B2, Wiy B B) |

over

z/rr"' 2-T=4dr

Max;mum - o = - ~

X ~s c

£ (W) = over [mnfﬁ,./zr,fsr.ﬁramx)]
72 all events

m; fo‘ m =m



é/uino stransverse (m::x“;’;) 7"’” évf_’ ??%??%)

Aas Q ricﬁer Sfracfu/-e , C%O,kc, /(im,/pané

7 X

é?__"_'---v > m (m )= Z+ E".;. ;,;;2
i’at rest - >
= L - i
J— from (z" 2 [/ mi, ) )
() Off-sﬁe//
: (@ g N
e > m (W) = Z .+ m,
2 @at rest fo
r m, > m Z = mv m
r from 4 ( )
g ﬂ on-shell may
‘—'— Py M) = Ee 2t (z-g ) ]
for my < m;

my m;
2.72'-‘-‘2—(/"7”:), Z"J{/-—L))
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g/uino MTz as a fancz‘ion Of 7’7\7; can In IDrinci/o/e
determine 7}75, % mx /anJ 7'7?, a/sa if m?., <m5)
Se/oerai'e/y !/

SUSY events generated 6/ PYTHIA

[ Heawy squark ) g . Light squark




Can we construct 7”72”('7’;) From rea] LHC date ¢

Various backgrouna/s , ﬁaa’rvnizaz‘ian % /ez‘emfar eﬁ%cfs

migﬁi' 9/)0/‘/ the ea/;e structure o 77)7_2  which would

make it difficult 4o obtain a reliable Functional

form of M. () .



Include SM bacéaroana’s )4 Pmceea/ with PGS

Event Selection cuts :
¥ At least 4 jets with /?_ > 200, /50, [00, 50 Gel

. %, > 250 GeV , S; > 025 , mo bejets & no-leptons

¥ (f,,f,_) £ h.AR) = P = /n'?[esz‘ momentum

B = largest 1Pl Vsg*+an* wrt p
. E Light squark ////
//

| Heavy squark

no stran ss5 VS, Mch

of = /00 f4”



(onc/asion

é Ore can c/aSS/f/ the /oat-t-erns of Slbari'lc/e masses
based on Ipossvéle schemes of moduli stablization.

known scéemes 07[ mOa/u/l Sfaél//zafion Sugyesf' &Aaf
'non~universa/ Ma/?z are /b/ausié/e /Dassiéi //'i'/ .

M
¢ Exper/menz‘a/ measurement of R = T will be usefa/

for a//scr/mmai-mg different SUSY - breakmy schemes :

m SUGRA pattern —> R Z 4
anoma.ly pattern — R z ¢

a4

mirage ,Dﬂffer” —> R an be S‘/?mﬁcanz"// sma/ler

4 G/aino stransverse mass m/gh‘ be able to determine

oM. < M
7}75, % m)‘, Se/)arai-e// ( m;,{ also if 3 3)_



