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#® Origin of R-parity
= SO(10) - SU3)e x SU(2), x SU2)p x U(1)p—_r
— SUB)e x SUR2), xU1)g xU((1)p_r,
= SU3)e xSUR2)L xU(1)y xU(1)y
or E(8) x E(8) = SUB)e x SU2), xU(1l)y x U(1)p_p,
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® Neutrino masses

B — L anomaly free = vp
usual seesaw, inverse seesaw
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® Oirigin of R-parity
= SO(10) - SU3)e x SU(2), x SU2)p x U(1)p—_r
— SUB)e x SUR2), xU1)g xU((1)p_r,
= SU3)e xSUR2)L xU(1)y xU(1)y
or E(8) x E(8) = SUB)e x SU2), xU(1l)y x U(1)p_p,
#® Neutrino masses

B — L anomaly free = vp
usual seesaw, inverse seesaw

® Hints for an SM-like Higgs boson at 125 GeV

in SUSY: additional D-term contributions to m 0
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Superfield SUB)e x SUR2) xU(l)r xU(l)p_1, Generations
Q (3,2,0,+%) 3
de (3,1,+3,—3%) 3
. ue (3,1,—3,-3%) 3
§ I (1,2,0,—2) 3
e (1,1,+3,+1) 3
e (1,1,—%,—1—%) 3
S (1,1,0,0) 3
H, (1,2,+3,0) 1
% Hy (1,2,-1,0) 1
T XR (1,1,+1,-1) 1
XR (1,1,—3,+3) 1

Y=Tpr+B—-LandQ =T} +Y.

W = Y,ucQH, — Yyd°QHy + Y, veLH, — Yee¢LHy + pH,Hy — prXrXR + YsV°XRS

based on M. Hirsch et al., arXiv:1110.3037
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1 _ _ 1 .
XR = E(UR—I_ZSOR_I_UXR) , XRZE(UR-HSOR-F’UXR)
HY = L(a + ipg + vg) Ho—i(a + iy + V)
d \/5 d Pd d) > u \/5 u Pu Uu

pseudo scalars, basis (¢4, Yu, PR, PR)

2
M2, = M3 4L 0
0 Miag
tan 3 1 tan ORr 1
M3a =B , M3isrp=B
s g 1 cot 3 ’ MR 1 cot BRr
tan 8 = vy /vg and tan Br = vy /Vx R
two physical states
m? = B, (tan 8 + cot 3), miR = B (tan Br + cot BRr)
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2 2
mryr, MR
2,T 2
mpr MRR

g +misy  —3 (mh +95v?) s

mrL = _l(m2+22) 2. 9292 2 2
5 4 T 97v°) s2p g7V 55""7”,405

2

mi . = IRVVRCECA,  —IRVVRCHSEL
L - ’
—g%vvRsf;cﬁR g%vfuRsBsf;R
2 .2 2 2 2 1 2 2 .2
m?2 — 92rVRCBr T ™AR58R 2 (mAR T gZRvR) 26r
RR —L(m2 142 0v2)s 2 0252 +m2 2
5 Ar T9zrYR) 52BrR 9Zr VR38R AR"Br
2 2 2 2 2 2
VR = Uxp TULR» VT =Vt Uy
1 1
: 2 2 2 2 2 2
Se = sin(x), ¢z =cos(x) , g7 = Z(gL +9%) , 975 = Z(QBL + 9Rr)

= new D-term contributions at tree-level
H.E. Haber, M. Sher, PRD 35 (1987) 2206; M. Drees, PRD 35 (1987) 2910; M. Cvetic et al.,
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basis: [SU(2)r,U(1) g, U(1)5_L]

giv? 0 —gLgRV?
M2 _ 1 2 2 2
vv Z 0 I9BLUR —9BLYRVUR
—9gLgRv? —gBLgR’U% gig (U2 + ’012:3)
= m3, o~ g%Rv%{ + O(v? /vg) ARSI
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basis: [SU(2)r,U(1) g, U(1)5_L]

2
M,
2

imz/

LHC results

ATLAS-CONF-2012-007

2,..2
g1, v

1
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—grLgRv?

0

9% VR + 0" /vR)

0 —9rLgRV?

2 2 2
I9BLUR —9BLYRVUR

—9BLIRVE 9% (V2 +v%)

ARSI

CMS EXO11019
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see talks by E. Etzion and Ch. Leonidopoulos
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> M%—I— %M%L—I—m% %(vdTl — 1Y7vy,)
l 25 (aT}i — pYivw)  MZ+EM3p+m2 |

2 2 2 2 2,2 9 2 2 2 2 2 2,2 2
Mpr =95 (Vxp —V5p) 90 (vy—vg) and MpEp = (9r—95L) (v, — V55 ) T9R(Vy—V7)

Similarly for squarks, sneutrino mass matrix depends on absence/presence of S fields

T 1500 [ ]
400F e -] k ]
i er 1450 |- 1
350F €r___ ] ¥ N
Fo-—= o0 et 0
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250 [ oo~ ] 1300 |- ~
- S €L r bl
v \\ .
200 - ' ] 1250
1501 ] 1200:—
i ] 1150 }// t
100 I | L L L | L L L | L L L | L L L | L L L | L L L | L L 1 7 C L L L | | | | | ! ! ! ! | ! ! !
1800 2000 2200 2400 2600 2800 3000 3200 2000 2500 3000
mgy mgy

mo = 100 GeV, my s = 700 GeV, Ag =0,tan3 =10, u > 0
tan Br = 0.94, ma, = 2TeV, ur = —800 GeV
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® 7' typically
® > BR(Z' — l;l;)+ BR(Z' — ;1) < 0.2
® > BR(Z' — ¢id;) < 0.05
® S BR(Z' —xX%%0)+ BR(Z' — X} %;) £ 0.02
® cascade decays, regions with mgo >mp > mp,
® Gr— qx) — qll = qlTI"vin
contains soft and hard leptons
® . up to two additional leptons or jets compared to g
expect more leptons than in CMSSM

® additional gaugino-like x° below squarks: enhancements of lepton and jet multiplicities

CERN, ’Implications of LHC results for TeV-scale physics’, 29 March 2012 W. Porod, Uni. Wirzburg —p. 9
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Model dependent CMSSM interpretation
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expected changes in CMSSM-like scenarios depend on details of the extra U (1) sector,
main effects:

® forlarge m ./ : lighter sleptons = additional leptons, less full hadronic events

® somewhat reduced bounds on Z' if SUSY final states are present, as cross section
can be reduced by 50 %

CERN, "Implications of LHC results for TeV-scale physics’, 29 March 2012 W. Porod, Uni. Wurzburg —p. 10



julius-Maximitlans-

UNIVERSITAT 0oy

1B

WURZBURG
Superfield | Generations | U(l)y x SU(2)r x SUB)e x U(1)p_1,
A 1 1
Q 3 (87 27 37 8)
a 1 1
D 3 (3,1,3,—%)
U 3 (—2,1,3,—3)
L 3 (—3,2,1,—3)
E 3 (1,1,1,1)
% 3 (0,1,1,1)
H, 1 (—%,2,1,0)
H, 1 (3,2,1,0)
il 1 (0,1,1,—-1)
7 1 (0,1,1,1)

W:YJj Usz I:Iu —Y;j Bz@g I:Id —Yeij EAz[A/J I:Id —I—IuI:IuI:Id —I—wa [A/iljluﬁj

— W'+ Yy DDy

based on B. O’Leary, W.P,, F. Staub, arXiv:1112.4600
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9 ZB_1L <:)>ZX

® upper limit on m, o increased compared to MSSM but less additional D-term, only due
to U(1) gauge kinetic mixing

® effect on sfermion masses less pronounced
excepto: Y7 07, is AL =2
= large splitting between scalar and pseudoscalar parts of vr
= reduces }_, , BR(Z' — U;1;)
enlarges paramter space with o LSP

® larger mass splitting between sleptons and sneutrinos = harder leptons
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® additional Higgs and gaugino hardly produced directly
in cascade decays: small BRs at most O(1%) = large Lumi

® additional higgsinos: can appear in Z’ decays
9o

direct production of [ via Z’
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® additional Higgs and gaugino hardly produced directly
in cascade decays: small BRs at most O(1%) = large Lumi

® additional higgsinos: can appear in Z’ decays
9o

direct production of { via Z’
mf(? = 140 GeV mig = 230 GeV

significance of p.p —»~p~p —=pu+E . significance of p.p —»~p~p —=pu+E .

1400 | LA |

120y
| 12000 +

100 |
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0

= = ¥ 0]
600 |- =
s =

. : ma-I

400 | .

400 |

200 .

TR 20001 2200 w0 TN 20001 2200 a0
My [GeV] My [GeV]

L =100 fb—1, pr(n) > 20 GeV, Ex(miss) > 200 GeV, m,+,~ > 200 GeV,
In| < 2.7, pr(j) < 40 GeV
thanks to M. Krauss, preliminary results
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® ifm;o ~ 125 GeV = hint to go beyond MSSM

» models with extra U (1): motivated by embedding in SO(10), E(6) etc.
can nicely explain neutrino physics

® cexira Z' = additional D-terms for scalars,
e.g. SM-like Higgs with tree-level mass of 110 GeV

o

regions with -LSP =- additional leptons in cascades

® direct [ production via Z’
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