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m,, [GeV] Parameter value
mpy = 125.09 £ 0.21 (stat) £0.11 (sys) GeV ATLAS-CONF-2015-044
run 1, PRL 114 (2015) 191803 CMS-PAS-HIG-15-002

my = 125.25 + 0.20 (stat) +0.08 (sys) GeV
run 2, talk by R. Nicolaidou @ Moriond’17, QCD

(125 GeV)? ~ m% + (86 GeV)? = large corrections within MSSM
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Lightest neutralino mass, M(¢?) [GeV] . CDF Run Il Preliminary (L=5.8 fb")
a00 120 130 140 150 ° 160 I 1 *
CMS Preliminary, fs =7 TeV, L_ = 4.7 fb" - 3 g JEUGRA shaeite neutites Limits on SUSY o, COF Run  Prefiminary, 015"
= 700f T 1 M, =60 GeVic’, tani=3, A =0, >0 = =
—— NLOWNLL 3 % 320 |
G55 6, m() =500 Gev, me) = 200 GV, mcz) =50 GoV. E™ Zoaf i o o3 310) =
N FF—~i 1, ...m:ssns-v,m% 50 GeV' ® 500 E hand s g
H ++e §F 1 T, m(f) =280 GeV, m() =50 GeV. 8 400l z &wu::;:;m:; haﬂo
—— 55— 5top + 2, m}) =50 GeV £ ol 06— EE:::W Limit = L2500
H o k- Szs0] Simplified Gravity
o ‘?70 M(LSP) = 220 GaV/ic® g
1 é oaf .8 260 BRGC—=7+X) ll > Mez)
——— R
H == - 250
. %60 o 30 0 40180 96 70 180 240
: Chargino Mass (GeVic’)
230 240 250 260 270 280 290
CMS Preliminary, /8 = 7 TeV, L, = 4.7 fb s pmcat a w{l (@evie)
PP— BRI =2 +x 28— Zx sbottom pair oL e
. m(@) >>m@), x = 0.5 it E (V] = e
8, production z'
-3 = oMoaco E MSUGRA/CMSSM: tanp = 10, A = 0, >0
F 173 x oMoOaco T ;ze o e T T T i
1000 | £ ATLAS L™= 1.0416",\s=7 ToV  —— Observed CL, 9% CL
() Gev lepton,combinaton ____ Expecied CL,
aoncen . Expected CL, £1o
e

°
»
a

Acceptance x Efficiency

S GMSB: Mress=250 TeV, Ns=3, >0, Coray=1
600 800 1000 1200
gluino mass [GeV]

200 400 ATLAS Preliminary

Va7 TV - e o cL (1)
LEP9S CL (0,

- OPAL 0% G

Theory excl

500 1000 1500 2000

L, 98% CL it

ons (1 ')

E3

SUCRA/CMSS| T i

s tmen)
i
iR}

it ! 22tus @0")
T T T T T o
" s, LS, HT2500(3V), 85% C.L. Limits:

—— Observed Limit
#4E)= 1500  ——— Median Expected u>0

Expected = 1a exprt m = 1732 Gev

- Observed = 10 theory 3
- Expected = 1a theory 5
%

MSUGRA/CI

()= 1000

Cross section [pb]

1500 2000 2500 3000 3500 400
m, [GeV]

oy Theoratically excluded

1007200 400 600 800 1000 1200 1400 1600 1800 2000
m, [GeV]

Higgsino-Like Chargino Mass [GeV]

W 0oBp 521"
I coF g »Bp2st

2000

21500

m. (GeV/c?)

300

T
CMS Preliminary -4
Lat=47m NE=TToV

GGM bino-iike 7° -
m.=375 (G-V}(?)
Aflaast 1 jot roqui 1
NLO Limits |
— obsarved

w210 (theory) 1

1 (theory)

1500 00
m, (GeV/czz'S

—lq Euwcy,u _

ATLAS
Preliminary
200 300 400

210 NLO scale unc.

ATLAS 1

m,, [GeV]

M CDF 2651

Juar-aoswive-rmey ey = 600} sl
B L, 95% CL bm: -~ —>1bTg
— - -

tanp

o BE ST

jet

500 1000

iminary

N e

‘Gross Section Excluded at 95% GL [pb]

- 0lepton 1.04 16"

CMS SUSY meeting, 26 Sept. 2017

T T ps srmane ’ , - 10,4050 [Ldt=205 1", ou7 Tov
oy ST T 8L Obsarvea L 04 } Y T —
e ot B el e L] 10 EaTLasPreliminary Gos. GL 35% G.L. it
L, Expected Limit 216 liminary \Ns=7Tev, L 4507 wae Exp. CL, 95% C.L. imit

- Expocted limit +10

wltjot plus 7" 1.34 5"

1500 2000 2500 3000 3500
m, [GeV]

150

Razor Inclusive

2
Hybrid CLs 95% C.L. Limits
—— — Median Expected Limit
~——— Expected Limit 10
s Observed Limit
=== HAD Observed Limit
e Leptons Observed Limit

(&) = 1000

e ——

(&) = 500

00 2000

2500 3000
m, [GeV]

bral mocel
T T T
jiminary —CL, observed fmit (85% C.L)
-G, expected it (95% C.L)
5= 7TeV. -

Expected CL, limit 10

W. Porod, Uni.

Wirzburg — p. 4



julius-Maximitlans-

UNIVERSITAT i i i
WURZBURG LHC data, in particular m;, high scale models ,ﬁ:“:z)

my, = 125.2 GeV = large loop contributions
= heavy stops and/or large left-right mixing for stops

® GMSB:m; > 6TeV,
M. A. Ajaib, I. Gogoladze, F. Nasir, Q. Shafi, arXiv:1204.2856

more complicated models based on P. Meade, N. Seiberg and D. Shih,
arXiv:0801.3278 = allow additional terms

e.g. S. Knappen, D. Redigolo, arXive:1606.07501 my, &~ my > 1 TeV if
Mmess > 101° GeV

$ CMSSM, NUHM models: |Ag| ~ 2my,
H. Baer, V. Barger and A. Mustafayev, arXiv:1112.3017; M. Kadastik et al.,
arXiv:1112.3647; O. Buchmueller et al., arXiv:1112.3564; J. Cao, Z. Heng, D. Li,
J. M. Yang, arXiv:1112.4391; L. Aparicio, D. G. Cerdeno, L. E. Ibanez,
arXiv:1202.0822; J. Ellis, K. A. Olive, arXiv:1202.3262; ...
CMSSM fit to data P. Bechtle et al., arXiv:1508.05951: best fit point with
mg, mg =, 2 TeV, mp 600 GeV, mgo =~ 450 GeV

® general high scale models: Ag ~ —(1 — 3) max(M; /2, mq,, mu,) @ Maur
among other cases, details in F. Brimmer, S. Kraml and S. Kulkarni, arXiv:1204.5977
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® 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!
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J.E. Camargo-Molina, B. O’Leary, W.P.,, F. Staub, arXiv:1309.7212
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several studies, see e.g. S. Sekmen et al., arXiv:1109.5119; A. Arbey, M. Battaglia,
A. Djouadi and F. Mahmoudi, arXiv:1211.4004; M. Cahill-Rowley, J. Hewett, A. Ismail and
T. Rizzo, arXiv:1308.0297

® generic signatures are well known: multi-lepton, multi-jets + missing Er

® sub-class of general MSSM: ‘natural SUSY’
see e.g. M. Papucci, J. T. Ruderman and A. Weiler, arXiv:1110.6926;
H. Baer, V. Barger, P. Huang, A. Mustafayev, X. Tata, arXiv:1207.3343
keep only SUSY particles light needed for 'natural Higgs’:
1, b1, 4, )2(1’,2 ~ 5(1)’2, XT ~ht

= 100 MeV §m>2+ — Mo X M-0 — M
1

0 =mgg —meo < 5—10 GeV

qg — flt, Blb
t1 — t)~((1)72, b)ZEL, W+51

b —  bXio.txy, W

BRs depend on the nature of ¢; and b; o
Higgsino mass: u + u’ with soft SUSY breaking parameter: £ = —u/ HyH,y,

CMS SUSY meeting, 26 Sept. 2017 W. Porod, Uni. Wirzburg —p. 7
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® additional D-term contributions to m, at tree-level
extraU(1l)y: m3, < m%+ igivz

® Origin of R-parity Rp = (—1)2s+3(B-L)
= SO(10) - SU3)c x SU(2), x SU2)rp xU(1)p_1,
— SU(3)C X SU(2)L X U(].)R X U(]-)B—L
> SUB)e x SU(2), xU(1)y x U(1)y
or E(S) X E(8) — SU(3)C X SU(2)L X U(].)Y X U(]-)B—L

® Neutrino masses

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

K ) vg or other exotic neutral scalar as DM candidate
= interesting for (modified) Natural SUSY

CMS SUSY meeting, 26 Sept. 2017 W. Porod, Uni. Wirzburg —p. 8



Juljus-Maximilians-

UNIVERSITAT . ]
WURZBURG Neutrinos and sneutrinos ﬁ:“g
0 %’UUYVT 0 0
lgen,pug=0
My=| Luy, 0 Lu, Y BT, = | IV PR 4 Y2,
0 JguxpYs  ms VIYol?02 + 1Yal202

setting us =0and B, =0
M2 =

2 4 Yuyt 1 Tyl 1 ]
mi + Y, Y, + D EUU(T,/ — Y, cot Bu) SVuUxp Yu Vs
1

2 v?2
\/ﬁvu(Ty — Y, cot Bu*) m2 + UT’“Y,/YJ + %Y;YS + Dp %’UXR (Ts — Ys cot Brug)

2

v
%UUUXRYSTYV %’UXR (TST — Y cot BRIR) mQS + %Y;YS
1
Dy = 2 (2( — 392 + gxgyx +2(95 + 9" + g%fx))UQCQB — 59x(39x + 29Yx)v12%026R) 1
— % _ 2 2 1
Dr = —-(2(9x = 9vx)vc2p + 5gxvReasy
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Sfermions

B

M%+DL+m?

l 25 (vaT} — pYjvy)

% (vaT — pYivu)
M?% + Dg +mj

Dp ~ (—3 —|—s1n9W)mZCQB M7, co, and Dg ~ sing_

neglecting gauge kinetic effects; similarly for squarks
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Constraints from Z-width: m,, > myz
invisible width

< 0.009

3
= >
—1,i

ij

3
1% v, *
E iUk
k=1

<J

dominant decays

V; — W:*:l:':
Vj — YA

Vj —  hpy;

roughly
BR(v; — W*IT) : BR(v; = Zv;) : BR(v; — hjv) ~ 0.5 :0.25 : 0.25
in BLRSP4 (from B. O’Leary, W.P,, F. Staub, arXiv:1112.4600)

BR(v;, — 7;x}) ~0.03 ,(k=4,5,6)and (i = 1,2, 3)
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Example spectra from high scale models

1B

BLRSP1 BLRSP2 BLRSP3 BLRSP4 BLRSP5
my, 105.0 797. 91.6 542. 921.
My s 215.0 797. 92.6 542. 924.
ms, 604. 1120. 253. 585. 940.
me, 524. 1014. 255. 263. 693.
My 557. 1055. 266. 271. 706.
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. hp 615. 280. 739. hp
M9 1047. 818. 1087. 549. 804.
myo | 1348. (B1) 1866. 1232. (B)) 857. 1294.
M0 1802. hp | 2018. (B,) | 1811.(B,) | 1639. (B,) | 1688. (B )

B. O’Leary, W.P., F. Staub, arXiv:1112.4600

CMS SUSY meeting, 26 Sept. 2017
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CMSSM, GMSB: gr — gx!

BLRSP1: 7 LSP, m,, ~ 100 GeV (from B. O’'Leary, W.P.,, F. Staub, arXiv:1112.4600)

Gr  — qX§ — quib1 — qu; Zin (k=4,...,9,j=1,2,3)
ir — qxX? — quiin — gFTWTi

Gr  — QX — quiDs — gdEWFIH iy

drp — dx0 — dIFlT — dFITE = diFiFopo — dFITUEW T

BLRSP3: usual cascades similar to CMSSM, but

¥ = FT S Wt

X = 1T S 1FE Wy — IFWT ffin

XY — vibas —viesffin

XY = vip — vjhiain (j,k=1,2,3)
XY = vip — vihiof fin

= enhanced jet and lepton multiplicities, study of v

CMS SUSY meeting, 26 Sept. 2017 W. Porod, Uni. Wiirzburg —p. 13
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WURZBURG

B

1 A A
Wers = Wmssm + §(MR)ij VR,i VR,j

AN AN

+ (v, HuVR,j

v)ij Li
2ms M, :
(Y )es = :I:(Z?IH)H / M35 cosh 56 e T 1056
Vu
2ms M, :
(Yo)es = —i(Zzlz\IH)*\/ T3S cosh yse T 1056
Vu
0

1 0
R = 0 cos¢se  sin@se
0 —singse COs P56
¢56 € C

My, i = M;_3, My = O(keV),
My ~ Mg = O(few - 100 GeV)

CMS SUSY meeting, 26 Sept. 2017
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search for sleptons

1 A A
Wers = Wmssm + §(MR)ij VR,i VR,j

AN

+ (Y2)ij L; - Hy UR,;j

2ma M. :
(Yo )es = i(Z?H)*\/ m; > cosh s eT 1056
u

0.10-
. 2m3M6 : i
(Yo)ee = —i(Z)1)* || =—— cosh ysg 7956
Vu 0.01 200 300 ) 400 500 600

1 0 0
. LHC, 13 TeV, tree-level
R= 0 cosgse  singse for searches: x K-factor 1.17
0 —singsg cos P56 (B. Fuks et al., arXiv:1304.0790)
¢56 € C dominant decays:

ZL — 1)2(1) , V>~<1_
My 4 = M;_3, My = O(keV),
My ~ Mg = O(few - 100 GeV)

~

b — 17X, vx)

CMS SUSY meeting, 26 Sept. 2017 W. Porod, Uni. Wirzburg —p. 14



fulius-Maximilians-
UNIVERSITAT = L Uiaaci
WiRzBURG Natural SUSY + 0r: Higgsino LSP /;“:2)

ooooooooooooooooooooooooo
0000000000000000000000000

ooooooooooooooooooooooooo

ooooooooooooooooooooooooo

ooooooooooooooooooooooooo
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p =120 GeV, tan 8 = 10 mi; = mg, tan 8 = 10

M excluded, e ambigous, ¢ allowed

8+13 TeV data (13.9 fb—1)

using CheckMATE 2.0 Nh. Cerna-Velazco, Th. Faber, J. Jones, WP arXiv:1705.06583
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additional constraint
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Nh. Cerna-Velazco, Th. Faber, J. Jones, WP arXiv:1705.06583
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additional constraint
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for u = 400 GeV > mi = Mg, tan 3 = 6, M1, Mo > 500 GeV

0.50" 0.50—
E 15 —
= 0.10 ——— = 010
M 0.05 m 0.05°
O 0.01 b
100 150 200 250 300 350 400 100 150 200 250 300 350 400
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Nh. Cerna-Velazco, Th. Faber, J. Jones, WP arXiv:1705.06583
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for u = 400 GeV > miz :mE,tanﬁ =6, My, My > 500 GeV
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® |HC: my ~ 125 GeV, no conclusive BSM physics found =
® GMSB, CMSSM, NUHM: mg, mg = 2 TeV
® CMSSM, NUHM: large Ag, danger of color and charge breaking minima
® ‘Natural SUSY’: take only those states light which contribute to EWSB: 19+, ¢1, g, b;
disadvantage: cannot explain dark matter relic density
® extended gauge groups
® motived by v-physics =- extended (s)neutrino sector
® can easier accommodate m;, ~ 125 GeV

® CMSSM-like realisation: different spectrum compared to CMSSM
= substantial changes of cascade decays
® g LSP: compatible with DM, no direct DM constraint apply
® ‘Natural SUSY’ + op
£ m;, < 400 GeV excluded if m; . —mg, 2 150 GeV
£ slepton masses up to 600 GeV excluded
but: in case of m; < |u|the bounds seem to be significantly weaker
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General Mirrage Mediation

B

Different sources for soft SUSY breaking: moduli & AMSB
main consequence: gaugino masses unify at a (vastly) different scale then gauge couplings

mass spectrum in natural generalized mirage mediation
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H. Baer, V. Barger, H. Serce and X. Tata, arXiv:1610.06205
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extra U (1), with new D-term contributions at tree-level: m? , = < m% + 1g2v?
H.E. Haber, M. Sher, PRD 35 (1987) 2206; M. Drees, PRD 35 (1987) 2910; M. Cvetic et al.,

hep-ph/9703317; E. Ma, arXiv:1108.4029; M. Hirsch et al., arXiv:1110.3037
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n=1, A=5-10°GeV, M = 10 GeV, tan = 30, sign(ugr) = —, diag(Ys) =
(0.7,0.6,0.6), Y,** =0.01,vg = 7 TeV

M.E. Krauss, W.P,, F. Staub, arXiv:1304.0769

W. Porod, Uni. Wurzburg —p. 23

CMS SUSY meeting, 26 Sept. 2017



julius-Maximitlans-

UNIVERSITAT s atic miyi
WURZBURG Gauge kinetic mixing ,b:ﬁg
U(1l), x U(1), models allow for (B. Holdom, PLB 166m0 = 250 (1986) 196)
LD —Xabpa’uypﬁy
Aj Ay, |
< Yab = 6.2 Tr(QaQyp)
equivalent
) Gaa  YGa Af
Dy =0y — 1(Qa, Qp) ’ g
Gba  9bb A,

\ 7

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

Branching ratios
Branching ratios

olpp — Z'+ X) [fb]
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WURZBURG X gaug 9 > ik
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BL1 1680 GeV 1840 GeV
BL2 | 1700 GeV 1910 GeV
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