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The Structure of MSSM
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Supersymmetry breaking
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Some traditional Models
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Two loop diagrams contributing to soft masses
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dimensional-full couplings

A-terms are essentially zero !l

Monday, 11 February 13



—xperimental Status

Monday, 11 February 13



Collider ¥ 1\751 >

LHC

Tkv‘ee Londs *o SUsY
Sark Vaker \

relic dén,b'l (j

v ﬂnysics |

B- factmvics
HEG




Uovfe Badon  Gollider )

L e \,DvsmiVlﬂW_(:
79
— ; : -HonS.
sec
’ Q% 5 .PNJM&‘(ZDYI

e, Aw/.m

n

I % (eeP)

‘The )Ccaj CI'WMS ff efénX on Mass szlevinffs




T,miss

MSUGRA/CMSSM 1lep+j's+E
Pheno model : O lep +j's + E

Pheno model : O lep +j's + E

Gluino med. %" (§—qTx ) : 1 lep + j's+E
GMSB (1 NLSP) 2 lep (OS) +j's+E
GMSB (F NLSP) : 1-2t + 0-1 Iep+js+E
GGM (bino NLSP) :yy + E

GGM (wino NLSP) :y + lep + /"™

GGM (higgsino-bino NLSP) :y + b + ET miss
GGM (higgsino NLSP) : Z + jets + E. "
................ Gravitino LSP :'monojet' + £ ¢
gebb 1 (V|rtual b) Olep+3b-j's+E
g—>ttx (V|rtuaI t) 2 lep (SS) +j's +E

ettx1 (virtual BH:3lep+js+E
g—>tf' V|rtualt) 0 lep + multl-J S+E

T,miss
T,miss
T,miss
T,miss

T ,miss
T ,miss

Inclusive searches

T ,miss
T,miss
T,miss
T ,miss
T ,miss

------------- T ;miss -

_>bX4 Olep+2bjets+E
bb,b.—ty :3lep +j's + E
tt (light), t—>t3§{: 1/2 Iep (+ b-jet) + E
Tt (medium), t—>bx 1lep + b-jet+ E
Tt (medlum) t—>bx :2lep+E

-0
t:c) t—>tx 1 Iep + b-jet+ E
Tt : 011/2 Iep (+ b-jets) + E
T (natural GNISB) Z(—ll) +b-jet + E_

............................................ miss -

Tl i 2lep + Ey

bb T,miss
T,miss
T,miss
T,miss
T,miss
T,miss

T,miss

P ~ T,miss
=3 X_1 Xﬂ%lv(lv)%lvx 2 lep + ET
WS ~x~.0 _1> miss

3 XX, ~+IL_}II I(vv)( )Iv(! Igvvé 3lep + ET,miSS

XfWWZ*

+E;

Direct qupalr prod. (AMSB) : long- Ilveﬁﬁ'
Stable § g R-hadrons : low B, By (full detector)
Stablet R-hadrons : low B, By (full detector)

GMSB : stable®

Long-lived
particles

LFV : pp—v +X v ee(u)ﬂ resonance

> Bilinear RPV CMSSM lep +7§'s + E; s
TS 5{:% ,"::>W%® % —eev, euv_:4lep + ET’miSS
11 Ix X eev epw ‘4lep+E; miss

Scalar ( Iuon 2-jet resonance pair
WIMP interaction (D5, Dirac X) 'monojet' + E

| | 11 L
L=5.8fb", 8 Tev [ATLAS-CONF -2012-109]

L=5.8 fb", 8 TeV [ATLAS-CONF-2012-104]
L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109]
L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109]

L=5.8 fb", 8 TeV [ATLAS-CONF-2012-152]
L=10.5fb™, 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb™', 8 TeV [ATLAS-CONF-2012-145]
L=5.8 fb™", 8 TeV [ATLAS-CONF-2012-105]
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-151]
L=5.8 fb™", 8 TeV [ATLAS-CONF-2012-103]
L=12.8 fb™, 8 TeV [ATLAS-CONF-2012-145]
L=12.8 fb™, 8 TeV [ATLAS-CONF-2012-165]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-151]

L=13.0 b, 8 TeV [ATLAS-CONF-2012-166]
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-167]
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-166]
L=4.7 fb™', 7 TeV [1208.1447,1208.2590,1209.4186]

L=4.7 fb", 7 TeV [1208.2884]
L=4.7 fb", 7 TeV [1208.2884]

L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-154]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-154]

L=13.0 fb'1, 8 TeV [ATLAS-CONF-2012-153]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-153]

_ g mass

L=461b",7 TeVv [1210.4826]

140-295 GeV x mass

~ I~
1.50TeV (g =g Mmass
1.24TeV. =g Mass

1.18 TeVv g mass (m(@) <2 TeV, |IghtX )
1 38 TeV q mass (m(@) <2 TeV, I|ghtx )

g mass (tanp < 15)
g Mmass (tang > 20)
1 gmass (m@.)>50 GeV)
g mass
g mass (m(y )>220 GeV)
690 GeV g mass (m(H )>2oo GeV)
645Gev F scale (m@G) > 10 eV)
1.24 Tev g mass (m(;(?) <200 GeV)
850GeV. g mass (M) < 300 GeV)
860 GeV g mass (mx,) < 300 GeV)
1.00Tev g mass (m( )<3oo GeV)
1.15TeVv g mass (m(x ) <200 GeV)
620 GeV b mass (m(x )< 120 GeV)
405Gev! b mass (m(c) = 2m(x )

[L=4.7 b7, 7 TeV [1208.4305, 1209.2102167 GeV t mass (m(,i?)=55 GeV)
160-350GeV. t mass (m (~°)
160-440 GeV tmass

0 GeV, m(~i) 150 GeV)
(mG °) OGeV m{®-m@) =10 GeV)
230-560 GeV_ Tmass (m(x ) =0)

230-465 GeV tmass (m( )= 0)

— tmass (115<m(x1)<230 GeV)

[85-195GeV| | mass (m(x)—O)
~ 110-340GeV x mass

(m(y, ) <10 GeV, m(Iv) —-(m(
580 GeV x1 mass (mbc) = m@,), m(x )=
(m(x )_m(x ) m(x )_ 0, sleptons decoupled)
(1<t(’) <10 ns)

G g mass

t mass

(5 <tanp <20)

Gmass (0.3x10° <1y, <15x10°,

E: m(x )

% mass

T mass

V mass (4,,~0.10, ,,,=0.05)
V mass (45,=0.10, )L _0.05)
q g mass (crLSP<1 mm)
700 GeV X mass (m(x ) > 300 GeV Aoy OF x122 >0)
430 GeV | mass (m(x ) > 100 GeV m(Ie) m(IM) m(~) JO0rh,,,>0)

P00"287GeV sgluon mass (incl. limit from 1110.2693)

g mass (m(x ) <200 GeV, m(y )=-(m(x )+m())

f Ldt = (2.1-13.0) fb

0, m(I v) as above)

1 mm < ct < 1 m, g decoupled)

ATLAS

Preliminary

Is=7,8TeV

8 TeV results

*Only a selection of the available mass limits on new states or phenomena shown.

All Limaita ~siAtAaA AvAa AlhaAanmiriAaA vmairmii~ 41~

thAanvAatinnl AirnnmAl AvAanA AAAtiAK

L=10.5 fb", 8 TeV [ATLAS-CONF-2012147] 704 Gev M* fcale (m,, <80 GeV, limit of<687 GeV for FS)
. I L1 1 1111 I L1 1 1111 I I L 11 I L1 1
-1
10 1 10
Mass scale [TeV]

Monday, 11 February 13



CMS preliminary
T1l: §—qq%°
Tlbbbb: §—bby"

T1tttt: §—ety”

T2bb: b—by"

T2tt: i —>tx°

T3lh: §—qq(X =171 %°)
T3w: g—qq(x* - Wi X*)
TSInu: x* —=1* vy’

T522: §—qq(X = 2Z%°)

ChiSlepSlep: ¥3x* —lwvy" %"

TChiwz: x* %) -WZx° %’

m(mother)—m(LSP) =200 GeV

" =025
x=0.50
x=(0.75

m(LSP)=0 GeV

gluino

gluino

gluino

squark

sbottom

stop

gluino

gluino

gluino

gluino

,_I

chargino/neutralino

chargino/neutralino

7 TeV, < 4.98 fb!

200

400

600
Mass scales [GeV]

800

1000

1200

Monday, 11 February 13



™

Model A1 !

P

P

Model Bl { W
P ) X 0
b, X
h I;N*\ ~ XFL 0
P, 1 X
‘ W

Model B2

Model A2

Py

X1
P
t
b t W
A1 2
X .
XY
W+

™

Figure 3: Diagrams for the four SUSY models considered (A1, A2, B1, and B2).
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Tree Level Mass
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uP? = my, —my tan® S M2
tan? 3 — 1 2
1

B, = 5 [(m%_,d — m%{u) tan 28 + M% sinQB}

where  tang =2 and o] +v;=0v" = (246 GeV)?
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1
B, = 5 [(m%,d — m%{u) tan 23 + MZ sin 26}
where  tan 3 = 2 and vi 4 vs = v® = (246 GeV)?
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M3z = M3 + Mg
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Lightest Higgs mass @ |-loop (top-stop enhanced)

44444

in the limit of 302 N2
g
NO-MIXING Amj, = “-my log <—S>
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in the case of non-zero mixing the correction Is

Am? ~ 3g5m; 'log <mzlmzz> X/ (1 X7/ >

2 N2 2
w2 M2, m3

Where Xt — At — /LCOJCB
Mg = NG

|-loop correction adds ~20 GeV to the tree-level, assuming the
sparticles are < | TeV (In no-mixing scenario).
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dominant 2-loop contribution due to top-stop loops

2—loo —loo

o 2 a. m — 4 — 4 b
Hgil p)(O): Grv2a .mt {4+310g2<mt> I210g<mt> 56—

dominant 2-loop correction increases the lightest Higgs mass <10
GeV to the tree-level, assuming the sparticles are < | TeV (in no-
mMiXing scenario).
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SuSerFLAV

SUpersymmetric Skesaw and Flavour Violation

Published iIn Computer Physics
Communications 184 (2013) 899
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Present Constraints on mSUGRA + Seesaw
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uage Hedubin a5 Gght higgs s

the A-terms in the gauge mediation are
very small !!

So a 125 GeV Higgs is very difficult unless we
have a very heavy stop spectrum (beyond
LHC )




Novel SUSY Scenarios
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Our Solution to the problem
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RS and compressed Spectrum
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