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® Why do go beyond the SM and MSSM: Higgs, v, Rp = (—1)2s3(B—L)

P SUB)e xSU2)L xU(1)g x U(1)g_r, model
$ model realisations: GMSB, SUGRA inspired, NUHM
$ Higgs physics
® changesin SUSY phenomenology
D SUB)e xSU2), xU(1)y x U(1)g_1, model
® 7' physics
® [searchesat 14 TeV

®» Conclusions
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ATLAS, arXiv:1307.1427 CMS, CMS-PAS-HIG-13-005
CMS Preliminary s=7TeV,L<5.1fb" ys=8TeV,L<19.6fb"
_I 105 T T T T ‘ ‘ T T T T T T | — T \.l\ N —— — —
E 7: ATLAS Combined (stat+sys) < 95 H— YY + H—ZZ - gombmed
N [ Vs=7Tev det=4.6-4.871fb'1 e goIbined (stat only) < E W,k (ggHtH), — =2
6:— Vs=8TeV [Ldt =20.7 fo — H_};é* S ~ 8 uw(VBF,VH) — H-> 77 f
3 7k E
| | o
o o e >y E
3 4f -
3 2t E
R W W 7777777777777777777777777777777 1o 1; ;
H f ot .
TR T R T RN TN P T i e m, (GeV)
My = 125.5 + 0.2g1a + 0.65ys GeV My = 125.7 + 0.3gtat + 0.3sys GeV

for details see e.g. talks by G. Landsberg and F. Cerutti @ EPS-HEP, Stockholm, 2013
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gmgggﬁggr Higgs results in a nut-shell, Ii /&":2)
ATLAS, arXiv:1307.1427 CMS, CMS-PAS-HIG-13-005
ATLAS o  Total uncertainty Vs=7TeV,L<511b" (s=8TeV,L<19.6 b’
m=1255GeV | ™ 4 450np "
— o(theo) Combined CMS Preliminary my =125.7 GeV
o * 8:22 R nw=080+0.14 Peyy = 0.65
L& +0.17 o
-0.13
= 1.55'0:33 H— bb
H 028|017 —— w=1.15+0.62 .
+0.35
H—- Z2Z* — 4l -0.32 H
+0.20 L — 1T -
2040|013 w=1.10+ 0.41
=143 "l 017 L
“21-0.10 ‘
+0.20 b H— vy
H—- WW* > Iviv |~ 82 uw=0.77+0.27 .
+ 0.
b= 0.000% 010
=Y. +0.
-0.28|" 0.09 —— ‘ H ﬁu\ivc\)/_\éSi 0.20 -
Combined o ——
H-yy, ZZ*, WW* | 4
' —— H— ZZ
-0.13 ——
W= 1 33igf; +0.12 u=0.92+0.28
’ - 010 T ‘ 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
. 05 1 15 2 o 05 1 15 2 25
{s=7TeV |Ldt=4.6-4.8fb | Best fit G/GSM
Vs =8TeV [Ldt = 20.7 fb” Signal strength (u)

for details see e.q. talk F. Cerutti @ EPS-HEP, Stockholm, 2013
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® SM & m;, = 125.5 GeV: meta-stable ?? (G. Degrassi et al., JHEP 1208 (2012) 098)

» Minimal Supersymmetric Standard Model (MSSM)

® after EWSB:

neutral CP-even: h, H neutral CP-odd: A charged: H+, H—
#® Higgs masses:
at tree level Ellis et al; Okada et al; Haber,Hempfling;
ma, tan B = vy /vg Hoang et al; Carena et al; Heinemeyer et al;
mp < Mz Zhang et al; Brignole et al; Harlander et al;
at higher order: Kant,Harlander,Mihaila,Steinhauser;. ..
3m4 M2 Xz X2

mh X mpes 20+ i [1“ <mf> vz (1 ) 12542)]

Mg = mymg, Xt =Ar — pucot B
mg,ma,mg+ < OW)...0(TeV)

vt = vy g = dmiy /g

decoupling limit: m4 > v, tan g > 1
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my, =125.5GeV = m3 ~ m7 + (87 GeV)?
= large loop contributions

= heavy stops and/or large left-right mixing for stops

®» GMSB: mg, > 6 TeV,
M. A. Ajaib, |. Gogoladze, F. Nasir, Q. Shafi, PLB713 (2012) 462

$ CMSSM, NUHM models: |Ap| ~ 2 my,
H. Baer, V. Barger and A. Mustafayev, PRD85 (2012) 075010; M. Kadastik et al., JHEP
1205 (2012) 061; O. Buchmueller et al., EPJC72 (2012) 2020; J. Cao, Z. Heng, D. Li,
J. M. Yang, PLB710 (2012) 665; L. Aparicio, D. G. Cerdeno, L. E. Ibanez, JHEP 1204
(2012) 126; J. Ellis, K. A. Olive, EPJC72 (2012) 2005; ...

® general high scale models: Ag ~ —(1 — 3) max (M /2, MQ,,GUT, MU;,GUT)
among other cases, details in F. Brimmer, S. Kraml and S. Kulkarni, JHEP 1208 (2012)
089

However: several cases excluded by charge/color breaking minima ...

MPIK Heidelberg 13 January 2014 W. Porod, Uni. Wuirzburg —p. 6



julius-Maximitlans-

UNIVERSITAT 4 r
WURZBURG MSUGRA/CMSSM, charge/color breaking minima

1B

® SUSY models contain many scalars = complicated potential
® usually some parameters (i, B) are choosen to obtain correct EWSB
® does not exclude the existence of other minima breaking charge and/or color!
4000 |
116
2000 ¢ T8
>
g 0 120 E
< , 122]]
~2000 | -
~4000 %
0 500 1000 1500 2000 2500 —T— :
—-4000 -2000 0 2000 4000
M, [GeV] Ao [GeV]
M1/2:1TeV,tanB:1O,,u>0 M1/2:M021T6V

J.E. Camargo-Molina, B. O’Leary, W.P., F. Staub, JHEP 1312 (2013) 103
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® Origin of R-parity Rp = (—1)2st3(B-L)
= SO(].O) — SU(3)C X SU(2)L X SU(2)R X U(]-)B—L
— SU(S)C X SU(Q)L X U(l)R X U(l)B—L
— SU(3)C X SU(2)L X U(].)Y X U(]')X
or E(8) x E(8) = SUB)e xSU2), xU(l)y xU(1)p_rL
B Neutrino masses

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

® SM-like Higgs boson at 125 GeV

in SUSY: additional D-term contributions to m 0
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U(1l), x U(1), models allow for (B. Holdom, PLB 166 (1986) 196)
LD _Xabﬁ’a,MVﬁ‘EV
Aj Ay, |
< Yab = 6.2 Tr(QaQyp)
equivalent
. Jaa  Yab Af
Dy =0y — 1(Qa, Qp) g
Gba  9bb A,

\ 7

NG

both U (1) unbroken =- chose basis with e.g. gy, = 0

affects also RGE running of soft SUSY parameters:
R. Fonseca, M. Malinsky, W.P., F. Staub, NPB 854 (2012) 28
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Superfield SU3)e x SU2), xU(l)g xU(1l)p_1/ Generations
SU@B)e x SU2)L xU(1)y x U(1)y
Q (3,2,0,+3)/ (3,2,+2,+1) 3
de (3,1, +— -3y 7 31,+4,-3) 3
. ue (3,1,—-3,—2) / (3,1,-2, ) 3
g i (1,2,0,-%) / (1,2,-%,-3) 3
ec (1,1,4+2,+2) / (1,1,41,+3) 3
je (1,1,-3,4+3) / (1,1,0,+3) 3
S (1,1,0,0) / (1,1,0,0) 3
H, (1,2,+1,0) / (1,2,+3,-2) 1
% Hy, (1,2,-1,0) / (1,2,—-%,+1) 1
T R (1,1,+4,-4) 7 (1,1,0,-3) 1
XR (1,1,-5,+3) / (1,1,0,+3) 1
W = Y.weQH, — Y d°QH, + Y, v°LH, — YeecLH + pnH, Hy
—urXrXR + Ysr°XRrS + ngSS M. Hirsch et al., JHEP 1202 (2012) 084
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B

GUT embedding: g1, = 9gr = 92 = Mgur, Setgrpr = 9gprr = 0at Mgyt

] 5o \/E
167 _ \/E 27
8 4

soft breaking parameters:

2 2 2 2 2 2 2

mglgsz:mU:mQ:mE:mL:myc = mg
Mo =Mpr = Mp =Mz =Mz, MpLr =0
Ti:AOY—ia i:€7d7u7’/78

Higgs sector: mo = mpy, = mpy, and either
1. mog =myp = mgy at Mgy OF

2. MAR, ,u’ at Mgirsy as input

MPIK Heidelberg 13 January 2014

W. Porod, Uni. Wurzburg —p. 11



julius-Maximitlans-

UNIVERSITAT
WURZBURG

Boundary conditions Il: GMSB-like

1B

Use SO(10) 10-plets as messengers:

SUB)e xSUQ2)p | UM)r xU1)p—r | U)y x U(1)x
b, (1,2) (3,0) (3:-3)
(I)l (172) (_%70) (_%7%
Qo (371) (07_%) (_%7_%)
D (3,1) (0, %) (5.3)
92
MA;éAbelian — 1617?'2 nAg(:I:) ) A= F/M,ZB — ‘A/M| )
1
Mk:l:Abelian — 167’(‘2 ng($>A( Z GTNQZQZ—’NG) - 9
2
mi =g @ (3 Caleh + 3 @INGETNQ)?).
AF# Abelian i
Y2
2 S 2 2
my > (my , +mpe) .

M.E. Krauss, W.P,, F. Staub, PRD88 (2013) 015014
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basis (W', By, By)

g5v?  —gag'v? 929xv*
My = i —g29'v? g'?v? —3g' Gy v?
920, 0% —g'gxv?  22g2v% + G202
I9x = 9x — gy x
v = v?i—l—vi , v%:viR—l—v%R

expanding in v? /v%

M. Hirsch, W.P., L. Reichert, F. Staub, PRDs86 (2012) 093018;
M.E. Krauss, W.P., F. Staub, PRDss (2013) 015014
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1 _ _ 1 _ L
XR = E(UR—I_ZSOR_I_UXR) : XRZE(UR-HSOR-F’UXR)

HY = L(a + ipg + vg) Ho—i(a + iy + V)

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

2
M2, = MG AL 0
0 M3,g
tan 3 1 tan ORr 1
2 2
M3 a1, = Bu ) cot 3 , M3ar=DBugr . cot 3
R

tan 8 = vy /vg and tan Br = vy, /VxR
two physical states

m? = B, (tan 8 + cot 3), miR = B (tan Br + cot BRr)

independent of gauge kinetic mixing!
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M2 — mi; mip
hh — 2, T 2
Mprr ™MRR
i, = [ G EmAS d k) s
LL — 1 (m2 + 2) 2,.2.2 2 ’
5 (Mm% + 950°) s2 9507 s% +m3 c3
5 cacp —CBSg
mQLR = ggxngUR . . ;
—SBCBR SBSBR
2 2.2 2 .2 1 (. 2 2 .2
m2 _ ISRVRBR T AR SBR 2 (mAR T gERvR) 526r
Rl 1 (m2 a2 02)s 2 w262 Lm2 2
2 Ar TI2RrYR) S528R 9> rYR53R ARBR
vh = v2 + UXR , v =3 42 | sy =sin(z) , ¢z = cos(x)
1 25
2 2 2 | ~2 2 2 -
92 = J@2+97+5), 95, = 109 Ix = 9x — 9vx
= new D-term contributions at tree-level: mho . mZ + g v? sin® 206p

H.E. Haber, M. Sher, PRD 35 (1987) 2206; M. Drees, PRD 35 (1987) 2910; M. Cvetic et al.,
PRD 56 (1997) 2861; E. Ma, arXiv:1108.4029; M. Hirsch et al., JHEP 1202 (2012) 084,
PRDs6 (2012) 093018
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tree level masses

150 -
% ho
S
N w -—-
g M, JENBEEEE R
£ -7
S T hy
0;(\/\\\\\\\\\\\\\\\\\\\\\\\\
1.00 1.01 1.02 1.03 1.04 1.05
tanﬁR

n=1, A=5-10°GeV, M = 10 GeV, tan3 = 30, sign(ugr) = —,
diag(Ys) = (0.7,0.6,0.6), Y,** = 0.01, vg = 7 TeV

M.E. Krauss, W.P,, F. Staub, PRD88 (2013) 015014
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Rp_~~ 2 0.5
130 [
128~ ——~~~
126 -
= 124 -
@) T T T T L%
— 122
1200
118:.‘}...". o . e
Pe% ¢ o 0000....0. :°.o -
116} o..g. ... e 0.. ° oi. o.‘s... [ o 9 1
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
m;, [GeV] mg, [GeV]

scanover: 1 <n < 4,10° < M < 102 GeV, 10° < y/nA < 10° GeV, 1.5 < tan 8 < 40,
1 < tanBr < 1.15, sign(ugr) £ 1, sign(p) =1, 6.5 < vg < 10 TeV, 0.01 < Y& < 0.8,
107° <Y <05

blue points: h1 ~ h°, green points: hy ~ hY

lo(pp — h) x BR(h — vY)|BLR
[o0(pp — h) x BR(h — yY)lsm

M.E. Krauss, W.P,, F. Staub, PRD88 (2013) 015014

Bp—nyy =
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250

225 1 I
200 | hy oeoeeeees
175 |
150 |
125 | ]
100 |

R,

mp, [GeV]

50
0.85 0.9 0.95 1

140 1
130
120
110
100

90

80

70 L L 1 O 1 1 1
-1000 -500 0 500 1000 -1000 -500 0 500 1000

pr [GeV] pr [GeV]

mo = 250 GeV, M; ;5 = 800 GeV, tan 8 = 10, A9 =0
vr = 6000 GeV, tan Br = 0.94, ma, = 2350 GeV, ur = —800 GeV
including complete 1-loop + 2-loop in the MSSM part

0.6

R,

0.4

mp, [GeV]

0.2
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basis (By, WO, 1%, 1Y, By, Xr, XR)

MS{O —
/ / M
g Yq g Uy Y
( M 0 T2 2 5 0
gavd g2Uqy
0 Mo —QT 0 0
g’# 922%1 0 "y (9x —9v x)Vd 0
g/'Uu g2vq (QX_QY )'Uu
eyl ey e P e
Y 9x — 9y x)Vd I9x —9dY x )VPu IxVUx
: X 0 X : X _ lg9x : X 5 M, x4xR
5
K 0 0 0 0 _% .

neglecting the mixing between the two sectors and setting tan g = 1

1 1
m;: KR, 5 (Mx‘f‘,UJRi\/ZmQZ/‘f‘(Mx_,UJR)Q)

MPIK Heidelberg 13 January 2014
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1000 | = |
= -
i 500 - >~<3
S X4
S
100 |
50
0 200 400 600 800 1000 1200 1400
1r [GeV]
M.E. Krauss, W.P., F. Staub, PRDss (2013) 015014
T S e e T e '
hn G o W< ;:(O) I
— . ; ZG . o T e N T N ]
< | ’ A
T oo 1020 |
W = o0 : .
g 0.001 % 0.05 E 1
10-4 - ¥e | 0.02 | 1
NN Futetutin it tiivindtututol 0.01 ST D/ W

0 200 400 600 800 1000 1200 1400 1000 1200 1400

n=1A=38-10°GeV, M =9 10" GeV, tan3 = 30 vp = 6.7 GeV, tan B varied
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basis: (v, v, S)

0 %’UUYVT 0 0
lgen,pug=0
M, = | Lu.y, 0 Lo, Ye | T m, = — /1Yo [202 + Va2,
0 JguxpYe  oms VIYol203 +[Yal?02

setting us =0and By, =0

M2 =
2 4 Yuyty 4 p L o (T — v} 1 Y,y
m7 + Y)Y, + D, T3 0u(Ty — Y, cot Bu) 2VuUxpYv ¥s
2 v2
%vu(Ty — Y, cot Bu*) m2R + %“YUYVT + %Y;YS + Dp %’UXR (Ts — Ys cot Brut,)
2
v
%’UU’UXRYSTYV %’L)XR (TST Y cot BRIR) m% + %Y;YS
1
Dp = o (2( — 395 + 9x gy +2(95 + 9% + 95,))v7cap — 5gx (3gx + 2gyx)’v12%625R) 1
o9
Dpr = 3—2X (2(gx — gyx)'UQng + 5ng123025R) 1
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o [ ME4DL+mi s (vali — pYiva)
I 1 ’
5 Ty — pYiou) M7 + D +mj
1 3 15 1 1 5
D = (= 12 2\ Y 2 ?)26 Y 2’026 and Dr» = (— 2 - 12 ’UQC 4= 2’026
L (8(g gQ) 16gx) 20 32gx RC208R R (16gx 49 ) 23 32gx RC28R
neglecting gauge kinetic effects; similarly for squarks
L 1500
400- e - o--z7 7] i
- L--c er 1450 -
350F R - 7 R L
300 | ;m 1350?— “““““““““““““““““““““““““ b2
S 20 - s 1300 :
200 - Z 1250%
150i 1200;
E 1150 —// 4,
100 v v v e ey 1 P .
1800 2000 2200 2400 2600 2800 3000 3200 2000 2500 3000

mo = 100 GeV, my /9 = 700 GeV, Ag =0,tan3 =10, u > 0
tan Bp = 0.94, my, = 2TeV, up = —800 GeV
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BLRSP1 | BLRSP2 | BLRSP3 | BLRSP4 | BLRSP5
mo [GeV] 470 1000 120 165 500
M /5 [GeV] 700 1000 780 700 850
tan 3 20 10 10 10 10
Ao 0 -3000 -300 0 -600
vr [GeV] 4700 6000 6000 5400 5000
tan Bg 1.05 1.025 0.85 1.06 1.023
1 [GeV] -1650 -780 -1270 260 (-905)
ma,, [GeV] 4800 7600 800 2350 (1482)
Yy11 =Y, 0 =Y, 33 | 0.04 0.1 0.1 0.1 0.1
Ys,11 0.04 0.042 0.3 0.3 0.3
Ys 02 = Y33 0.05 0.042 0.3 0.3 0.3

BLRSP1-BLRSP4: ur and m 4, are input
BLRSP5: GUT version

MPIK Heidelberg

13 January 2014
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BLRSP1 BLRSP2 BLRSP3 BLRSP4 BLRSP5
my, 105.0 797. 91.6 542. 921.
My s 215.0 797. 92.6 542. 924.
me, 524. 1014. 255. 263. 693.
Me, 4 557. 1055. 266. 271. 706.
me, 832. 1222. 448. 592. 933.
ma, 1436. 1185. 1247. 1111. 1545.
ma, 1721. 1852. 1527. 1361. 1905.
Mgy 1799. 2155. 1566. 1392. 2008.
M0 367. 417. 313. 259. hp 412.
Mg 718. 780. (hr) 615. 280. 739. (hg)
M9 1047. 818. 1087. 549. 804.
M0 1054. 1866. 1093. 845. 1288.
myo | 1348. (By) 1866. 1232. (B,) 857. 1294.
m,o | 1802. (hg) | 2018. (51) | 1811. (hg) | 1639. (By) | 1688. (By)

MPIK Heidelberg

13 January 2014
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Constraints from Z-width: m,, > myz

invisible width
3 3 2
1— > |D_URUSGT| | <0.009
ij=1,i<j k=1

dominant decays

vi — WEF
Vj — Zl/i

Vj — hk V;

roughly
BR(v; — W*IT) : BR(v; — Zv;) : BR(vj — hgvs) ~0.5:0.25 : 0.25

in BLRSP4
BR(vy — ;%)) ~0.03 ,(k=4,56)and (i =1,2,3)

MPIK Heidelberg 13 January 2014 W. Porod, Uni. Wurzburg —p. 25
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CMSSM, GMSB: ¢ — q;"((l)
BLRSP1: o LSP, m,, ~ 100 GeV

Gr  — qX) — qupin — qu; Zin (k=4,...,9,j=1,2,3)
ir — qX) — qupin — qIFWTi

irn — qX) — quiis — WU i

drp  — dx2 — dIFlF — dFITRY — diFFvpo — dEITUVEWT i

BLRSP3: usual cascades similar to CMSSM, but

Y o= FT S Wt (j=1,2,3, k=4,5,6)
X0 — T S Wy s - FWT Sy

XY — vibas —viesffin

XY — v, — vih 2

X? —  vip — vihiof fin

BLRSP4: similar to NMSSM with singlino LSP
= enhanced jet and lepton multiplicities
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WURZBURG
Superfield | Generations | U(l)y x SU(2)r x SUB)e x U(1)p_1,
A 1 1
Q 3 (672737 8)
a 1 5} 1
D 3 $,1,3,— 2
U 3 (_%a 1757 _%)
L 3 (—3,2,1,—3)
E 3 (1,1,1,1)
% 3 (0,1,1,1)
H, 1 (—%,2,1,0)
il 1 (3.2,1,0)
N 1 (0,1,1,-1)
il 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

P. Fileviez Perez, S. Spinner, PRD83 (2011) 035004

MPIK Heidelberg
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9 ZB_1L <:)>ZX

S
%

@)
oy

additional D-term only due to U (1) gauge kinetic mixing

neutrino masses via seesaw | = Y, much smaller

L I B

effect on sfermion masses less pronounced
except v: Y. nv; is AL = 2 after symmetry breaking
= large splitting between scalar and pseudoscalar parts of v
= enlarges parameter space with o LSP
reduces >, . BR(Z' — ;1)

® larger mass splitting between sleptons and sneutrinos = harder leptons
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all masses in GeV

BL1  BL2

mo 600 1000 BL1 BL2 BL1  BL2
M /o 600 1500 || ™=z’ | 2000 2500 met | 4754 12420
Ag 0 -1500 || mzo | 280.7  678.0 m s+ | 7339 18720
tang | 10 20 || mgg | 4794 7352 . | 6037 1002.0
signp |+ || mgg | 7191 12419 . | 759.9 14465
tan 3/ 1.07 1.15 Mo 733.9 1827.0 ma, | 610.8  1094.2
sign u’ + + M0 798.2 1867.5 M, 761.9 1477.4
Yl 042 037 || meo | 1488.7 18715 || mz, | 610.8 10945
Y 043 04 || m_y | 25306 31314 || me, | 7619 14775
Y33 044 0.4

M. Krauss, B. O’Leary, W.P.,, F. Staub, PRD 86 (2012) 055017

MPIK Heidelberg 13 January 2014 W. Porod, Uni. Wirzburg —p. 29



Juljus-Maximilians-

UNIVERSITAT
WURZBURG

physics

Z' couplings: Qp_r1, - 9p—1. > QB—L - 9B—1L + Qy - §
BL1

Branching ratios

Branching ratios

g

=) £ 100 :

20| o s =14 Tev ] = sol — s =14 Tev ]

—+ - s =8 TeV + - s =8 TeV

N 10} s =7 TeV 7 N 207 s =7 TeV .

T -7 T 0l -
5 L~ — _ - - _ — I ~ T _ _ —_

e :

S T 05 .
2 el P Tl [l e J— L L L L (| L i 1-°-=5-°° L L L L L L L
-0.20 -0.15 -0.10 -0.05 0.00 -0.20 -0.15 -0.10 -0.05 0.00

g g
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BL1 BL2

2 - 3 .
0100 ¢ | 0100 F | |
L 0050 | L0050} | 1
L / \\ no U(1) 1I—mixing . ” \\ no U(I) 1I—mixing
T oo010F -\ T oo010f -\ I 1
Ry 0.005 ¢ N - Ry 0.005 N - : :
= / = NN N [
& S = V-
Q ooortr T T T\~ - Qq 0001 F TN =

—4 L —4 1
/>_<\ 5> x10 with U (1) —mixing : />i 5x10 with U (1) —mixing :
N | N |
\_b/ 1 % 10—4 e It B ) \6/ 1 % 10—4 T N B

500 1000 1500 2000 2500 500 1000 1500 2000 2500
MZ’ [GGV] MZ/ [GGV]

357

-0.05 0.00

7' couplings:

Q-1 9B—-1 = QB_1L "

9—1 +Qy - g

No. G#0 Gg=0
BL1 | 1680 GeV 1840 GeV
BL2 | 1700 GeV 1910 GeV

LHC, 8 TeV data: bounds shifted by about 450 GeV
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WURZBURG P ) v
=) 1.000 - .
T 0.500 Fors = e »
@ X1
=
£ 01000 g S
i 0.050 - - XXTT "“*\\\:}\~
& — xxlvbbjj = l
2 b
2 0.010 XXVViill
© 0005 — Al -
XX [
| ‘2000‘ o ‘2500‘ o ‘3000‘ o ‘3500
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M. Krauss, B. O’Leary, W.P,, F. Staub, PRD 86 (2012) 055017

see also: J. Kang and P. Langacker, PRD 71 (2005) 035014; M. Baumgart, T. Hartman,
C. Kilic, and L.-T. Wang, JHEP 0711 (2007) 084; C.-F. Chang, K. Cheung, and T.-C. Yuan,
JHEP 1109 (2011) 058; G. Corcella and S. Gentile, NPB8é6 (2013) 293
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main dependence on masses = vary m; and my,, My = 1.2Mg

800 - . 300 - i
3 i i |
700 8

: 700 - -

= 600 . =
&) : &5 600 - 1

- 500 5 . = 5
= 400 ] g S00F )
300 10 . 400 - 3 ]
200 | 3 . 200 -
2000 2500 3000 3500 2000 2500 3000 3500
MZ’ [GGV] MZ’ [GGV]
mgo ~ 140 GeV M0 = 280 GeV
1 1

M. Krauss, B. O’Leary, W.P,, F. Staub, PRD 86 (2012) 055017
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» m,0 ~ 125 GeV = hint to go beyond (C)MSSM

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

» exira Z' = additional D-terms for scalars,
e.g. SM-like Higgs with tree-level mass of up to 110 GeV
= less constraining for GMSB and CMSSM like scenarios

® direct | production via Z’

» regions with 7-LSP and/or additional gauginos
= higher multiplicities, in particular leptons
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Conclusions

MSUGRA/CMSSM: tan(B)

=30,A =-2my, 4 >0

Lepton & Photon 2013

'; 1000 C T T |Ll I T T T I T l T T T | II. T T T T T T T T T T T ]
8 5 T L L Il 95% CL limits. ooy, not included. m
= [CLsP A TLAS Prellmnary'"'“ 7| - - Expected  O-lepton, 2-6 jets .
900 — o s Observed  ATLAS-CONF-2013-047 —
E:' o .~ dt 20.1-20.7 fb” \Is =8TeV - Expecied  O-lepton, 7-10 jefs .
- ) == Observed ~ ATLAS-CONF-2013-054 ]
- e —= Expected  0-] lepton, 3 brjets —
800 — qu 1 800 G eV == Observed ATLAS-EONF-ZOI}g)ﬁl —
C 0 S \% e i ~ = Expected  1-lepton +jets +MET .
C S Tl | == oObserved ATLAS-CONF-2013-062 -]
- \ i == Expected 1.2 faus +jets +MET —
700 — \ \ === Observed  ATLAS-CONF-2013-026 —
C \ ! —= Expected  2-SS-leptons, 0- =3 b-jets |
— ' ! === Observed ~ ATLAS-CONF-2013-007 .
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| do not expect significant SUSY signals at LHC@14TeV before L ~ 10 fo—!
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WURZBURG y ’ v
vr = 5000 GeV vr = 8000 GeV
1.08
g = —200 n = —200
1.1 | pr=-500 —— pwr = —500 ———
UR = —1000 ---------- LT 106 || UR = —1000 ----------
Log L| mr=—-1500 i = —1500 e
i} : Jm = —2000 i} Jir = —2000
= 106t o 104t
= g
1.04 1
1.02 L
102 L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
250 500 750 1000 1250 1500 1750 2000 250 500 750 1000 1250 1500 1750 2000
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M, /5 = 1000 GeV, tan 8 = 10, Ag = 0
2 1 2 2\ 2 D 2
my = - ((9BLr — 9R)* + (9BL — 9rBL)?) VR = TIXUR

2 2 2
9% tan 8% + 1 2tan Bg
_2(|MR|2+m§R)—|— va? COS(26)tanB]2%—1 miR tanﬁ%—l

2

1 M
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_ 2
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basis (W9, Bg_1,, Br)

, gsv? —929RBLV? 929 RV?
My = 1 —929RBLV? IRV + I5 0% JRIRBLV — GRIBLV%
—929rV?®  9RYRBLV? — GRIBLVR gEv? + gEv%
ger. = (9BL —9rBL), Jr = (9R — YBLR)

det (Mgy,) =0

expanding in v?/v% and setting ggL.r = greL =0

> _  (9pr93 Y 9BLIR T 939R) 2, o (2
my = 5 5 v+ 2
4(9%. +9%) R
1 g4 2
2 2 2 2 R 2 v
my, = —(9Br t 9r)VR + v+ 0 <_>
? 4 g% +9%) Uk

M. Hirsch, W.P., L. Reichert, F. Staub, PRDs86 (2012) 093018
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® invariant mass of the muon pair: M,,,, > 200 GeV
® missing transverse momentum: pr(F) > 200 GeV

® transverse cluster mass

2
Mrp = \/<\/p2T(u+u) + M2, +pT(E)> — (Pr(ptp~) + pr(H))?
M7 > 800 GeV

® for tt suppresssion and squark/gluino cascade decays:

PT . hardest jet < 40 GeV
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® invariant mass of the muon pair: M,,,, > 200 GeV
® missing transverse momentum: pr(F) > 200 GeV

® transverse cluster mass

2
Mrp = \/<\/p2T(u+u) + M2, +pT(E)> — (Pr(ptp~) + pr(H))?
M7 > 800 GeV

® for tt suppresssion and squark/gluino cascade decays:

PT . hardest jet < 40 GeV

Significance
W
>

!\)
o
T

[
(9]
T

10 26 5‘0 100 200 500
[ Ldt [fb™1]
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basis (Agr,A?, kY, hS, AR, XR, XR)

M>~<'O —

0 —%QRBLvd
Mo %QQ’Ud
%QQ’Ud 0
_%QQ'UU —H
0 — 2 9RVg
0 0
0 0
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