Beyond the SM

(SUSY and non-SUSY)
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Supersymmetry
Extra Dimentions
Extended Gauge Symmetry
Dynamical Symmetry Breaking
Compositeness
“Unexpected”
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BSMERZR @LHC

SUSY

Non-SUSY

Production Final States
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New gauge bosons — _ 5 =z
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Heavy neutrino ono _J
Leptoquark ‘Exotic’ signature

Techni-hadron
Excited quark ...
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SUSY@LHCS
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SUSYERZ @ATLAS/CMS
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Inclusive (All hadronic)

B¥(vgluino/1st/2nd squark -> promising discovery channel!

MET+2-6 jets 7-10 jets
Discriminant: mET, Meff Discriminant: nJet, mET/VHT
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Inclusive (All hadronic)

MSUGRA/CMSSM: tanB = 30, A = -2m,, u>0

Maximum mixing
m(h)~120GeV
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Inclusive (All hadronic)

ETIVREFEUR) . FFEETEFES

HEMRE : C= mp/Myn, <15-20% (mSugra-like)
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Gluino decaying stop

~ I~ . ~y _~O
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% - UL |
g It ){1 21000 | 95% CL limits. 635" not included. '
O, O-lepton, 7 - = 10 jets [L =203 b T Expected |
h- h I . I . S ATLAS-CONF-2013-054 S gbserveo? |
- high multiplicity ¢ 0-lepton, = 3 b-jets L =128 T OPece |
_ 4b . et ATLAS-CONF-2012-145 - (E)bserveocli
] 800 3-leptons, = 4 jets L =128 ~°7 xpecte —
ATLAS-CONF-2012-151 == Observed -
s e N . ; Expected _
TJAL il -SS- - = 3 bijets[L_ =20.7 fb
ESETAV 77 7r7 ~k ET?A%-Leo%ggg{s(-)ow 3 bjetslly, ] Observed |

)= 600 [—

C=30%
- Same-sign di-lepton — - 0
- Multijet 24 400

200

- 3b analysis / _
ATLAS Preliminary

“200GEVC LY 255, 100
DUVBIET

m; [GeV]

[~ o




Stop/sbottom search

Naturalness vs mh=126GeV I
m(7) < (500 — 600)GeV+/A /10 . g
LHC8 T®Mreach -> close to 700Gev. T b
Very Interesting regime! H
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Stop search (All hadronic, ttbar)

Target: Heavy stop: ¢ %tjﬁo
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6 jets (2 bjets)
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Stop/sbottom search (2-bjet)

~)

Sbottom could be light enough: b —bj
Sensitive to stop with Higgsino-like LSP: 7 —pW %

L 2bRRH 2. ISR+bARHT

B — ~ ~135GeV ISR jet + 2 b-jets, mET>250GeV

m(b)
> 160_""I""I""l"."ll'"'l""l""l""l""l""_ Sbottompairproduotion,l?)1—>b)N(0
8 I ATLAS Prellmmary n ;' 600 LI L L I L Y L B
o 140— , e Data2012 ] 3 B . Z Opserved limit (£165507)
N - j Ldt = 20.1 b, \s =8 TeV 44 SMtotal . @ [ ATLAS Preliminary ey
P 120l top production ] S (e Expected limit (+10,,p)
g = s W production ] E 5001 ILdt 20.1 b7, \s-8TeV —~ .
o — + I ~ production ] B S -
100:_ B + — P‘[‘ ) = (500.1) GeV = [ Allimitsat 95% CL ]
80 __ 7 (mub m ) (500 100) GeV __ 400 __ RB SRA150 SRA200 SRA200 SRA300 SRAC}M:
E (Am 5 GeV) E : FRA150 SRA200 SRA200 SRA300 SRA300 SRAJSD:
60— — - _
= . 300 .
40— vl ] r R SRA350 SRA350 |
- ZbﬁtF *ﬁ ] C ]
20— —
0 — = 77 N - - == —
2""|""|""|""|' N T L OO 7 B
% E )V ® / %x/x E
~ b
o : y P : 0 BRA150 SRB BRA150 SRA150 BRA15Q SRA150 MW RA2D0 _[SRA200 SRA3P0 BRASSEIESTAIS0 SRA350 SRA3p
0 L TR % —— 100 200 300 400 500 600 700 800
0 50 1 OO 1 50 200 250 300 350 400 450 500

Mer [GeV] m; [GeV]



Stop search (1lepton)

Cover parameter space with AM>m,, [ —>t%, / t 9bW5€10

 4jets (bjet=1 or 2)
e mMET>150-275GeV

* mT>120-200GeV Could be covered by 0-lepton
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Summary of stop search
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Status: LHCP 2013
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Direct EW gaugino search BN

Getting interesting! 7 11“1 @
¢ RDA=D - TINA—/DNETELEE "
« B2 \EW gaugino as expected (naturalness, Darkmatter)
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msros [GeV] <60  60-81.2 <81.20r>1012 |81.2-101.2 81.2-101.2 81.2-101.2
Eiss [GeV] ~50) ~75 ~75 75-120 75-120 ~120
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Direct EW gaugino search
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Direct slepton search

B Alsbs=0 p";.asc:w p¢‘:.a:c:w
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Non-SUSY#EZ

CCTIUTDOFAFIRR (FAKER) D
ERHGREBNTLET,

(1) Graviton/New gauge bosons (resonance)
(2) Vector-like quark/Heavy boson (top/same-sign lepton)
(3) Dark Matter (mono-jet)
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- New W/Z bosons (spin=1) £ R-ERETOE
- Graviton (spin=2)

gg/qaq , a,9,l,Y--.
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Graviton/Z' (di-lepton)

12 « single lepton trigger
» Two isolated opposite sign/same flavor leptons
. pT>{4O 30}GeV(eIectron), >25GeV (muon)
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Graviton/Z' (di-jet)

« HT/Mjj trigger (HT>650GeV && mjj>750GeV)

‘ -
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W’ (In)

. . CMS Preliminary [Ldt=20f" fE=8Tev
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Vector-like quark/Heavy boson

Vector-like quark q .
 Solve the hierarchy problem w/o SUSY
 Not excluded by 126GeV higgs discovery g -
Little Higgs model, Extra-dimensions.. 4

T, + WHHHEZE

T+5/3 :@

B_1/3 . W-t,Hb,Zb 1o (kG - )

B,s: Wb E r

'1:_ ‘x Kaluza-Klein Gluon

Heavy boson (ttbar resonance) s E . KK 2 86)
Heavy boson may couple to ll/j 10 2 _
very we akly ............... prikKe vaa |
by TR E ST EREICTIRER “an w0 e am

(same sign leptonst, X EEH)



t't'—Ht+X (I+jet+MissingET)

6jets + =4 b-jets + lepton (from W) y '

. o3 b
Main background: ttbar+heavy flavor(Aipgen) - e
Assume SM Higgs with m=125GeV i’ wt <0
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- y o ty : BETRIE :
20| Btag (16%), ; m>790GeV ]
- tt+HF fraction (32%) ;L |
3} o e i ]
1.5F 2 _
= N | SRR 10°E (s =8 TeV e
© - PSS KRR \:.‘...::o:::03330:0:0203030:0 ~ ]
S 0-5; [ |Ldt=14.3f0" SU(2) doublet i
I ‘ ‘ I y I ‘ ‘ ‘ - 1111 | 111 I 11 1 | 11 1 | 11 1 I 11 1
0 200 400 600 800 10001200 14001600 18002000 103?00 400 500 500 =00 200 900

H, [GeV] m, [GeV]



t't'—Ht+X (I+jet+MissingET)

> b jets, 2 b-tags > 6 jets, 3 b-tags > 6 jets, 4 b-tags
Prediction 11860 £ 260 2000 £ 210 270 £
Data 11885 292 318

ATLAS Preliminary
s-stev. [La-12sw’  Consider signal contaminations
----- 95% CL expected exclusion from the Other decay

=== 95% CL observed exclusion

bt

0.6f

BR(t’ — Ht)

0 02 04 06 08 1 002 o4 o6 o5 1 X SU@doublet @ SU)singlet

m, = 550 GeV * DOUblet
. ® Singlet

06 08 t’ maSS Iimit

t m, = 700 GeV
05507 0% 08 55 0F 1 0% 62 07 0% 0B
1= =
— m, = 750 GeV m, = 800 GeV = m, = 850 GeV SU 2 . I

¥ ry b= v = r A p =

0.8k 0%6 0.8F %.@ ( ) SI ng et
La@q u %,,

0.6 = 0.6
0.4F= 0.4f

: . ; . m>640GeV
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T,5/3 (In SS di-lepton)

Event selection: N
- Same-sign dilepton : mll>20GeV, m(ee)l~m, 7 T
- top-tagger: top-jet, W-jet, multi-jets 9 W H,,
- HT>900GeV ARy
SM background : R
i
£ CNIS Preliminkry " ggoa ttV,W*W,fake (ee)
Y E196f7atis=8Tev Cww:
: cote T o r U CMS Prefiminary | -
10° HAHIL Dww = 19.6 b at (s = 8 TeV ]
= B i i
: = o 0 m(T,55)>770GeV -
1025— _— 10 = 3
‘HJ;— : ‘‘‘‘‘‘‘ :
- 10°E « Observed Limit =
B Eo--- Expected Limit 3
- . [ 1Expected Limit + 1o -
= - [ Expected Limit + 2¢ 7
E - —— Signal Cross-Section 7
10" 10 550 600 650 700 750 800 850 900 9501 000

M55 (GeV)



tt resonance (semi-leptonic)

- Threshold analysis (0.3-1TeV) tt reconstruction

. o 2
- Boosted top analysis (>1TeV) > _ [mi-mw
| rw
b ot oo
_ _ M — M — My W M jgy — My,
@ 4jets + isolated lepton | T W +\ T ‘
@ | —W 2jets + lepton . ((PTjjb — PTjev) — (P -frr,s,}r
T iff pr
CMS Prafiminary, 19.6 15", 78 = 8 TeV
E 10°] i
> B others CMS,L=19.6fb", (s=8 TeV KK Gluon
:I“IjTl'l'l't:ﬂ'.ﬂ — -
E 10°E %iﬂlﬁﬂm 9 - | —— Expected (95% CL)
m: . ‘:ﬂ‘:n.““:;‘ m ng_ KK g uon -=--- Observed (95% CL)
; P x F m>2.54TeV  —-wxouor
1k t:f’? 108 ~ [ | Expected + 1 s.d.
F | E :_ \r‘\.HH [ ] Expected+ 254
10" 2000 3000 4000 Gooo = 1E TP Yy,
M [GeVic™] 13'_ - |
2 n '1_— v
g 15— ' £ > 19 S I - -~
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Dark matter search in mono-jet

- MET/MET+JET trigger
- 1st jet>110GeV, met>{250-550}GeV
3rd Jet veto (pT>30GeV |n|<4 5)c

=
& 111’; |__L| Zowy ;
e = CMS Preliminary [ ] w—w 3 .
S I - _ q X
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187E (LHCP13)E TMATLAS

ATLAS SUSY Searches*

Status: LHCP 2013

- 95% CL Lower Limits

EERIZ K HHIR(SUSY)

ATLAS Preliminary
ILdt =(44-207)fb" 1s=7,8TeV

Model e u T,y Jets ET'® J.Ldl [fb™ Mass limit Reference
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 9 9 1.8 TeV m(@=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1ep 4 jets Yes 5.8 m(@=m(@ ATLAS-CONF-2012-104
MSUGRA/CMSSM 0 7-10 jets Yes 20.3 g 1.1 TeV any m(
q9. 9-a1° 0 2-6 jets Yes 203 | g 740 GeV mie) -

o 99, g—98’ 0 26 jets Yes 203 | g 1.3TeV mEg) - u I n O nNJ e
g ©  Gluino med. x* (@—q8%%) 1e 2-4 jets Yes 47 mz?%)
g 'E; ggaqqqqll(ll)x‘x‘ 2e,pn(SS) 3 jets Yes 20.7 g 1.1 TeV m(x?) < 65U Gev ATLAD-UUNF-2U 15-UU/ ‘
S @ GMSB (INLSP) 2e 1 2-4 jets Yes 4.7 tang < 15 1208.4688
£ 8 cuss (I NLSP) 121 0-2 jets Yes 20.7 g
GGM (bino NLSP) 2y 0 Yes 4.8
e L S Squark/Gluino ~ 1.8TeV
GGM (higgsino-bino NLSP) v 1b Yes 4.8
GGM (higgsino NLSP) 2e,n(2) 0-3 jets Yes 5.8 o e e b e
Gravitino LSP 0 mono-jet Yes 10.5 m(G)>10 eV ATLAS»CONF-2012-147
ISR gabbx1 0 3b Yes 12.8 m(x?) < 200 GeV ATLAS-CONF-2012-145
g o} g—nfx“’ 2e, 1 (SS) 0-3b No 20.7 g 900 GeV m(?) < 500 GeV ATLAS-CONF-2013-007
SaE g—nfx? 0 7-10 jets Yes 20.3 g 1.14 TeV mx?) <2001
™ ganx? 0 3b Yes 12.8 M) < 200
L)‘va L)‘—>b7c‘,’ 0 2b Yes 20.1 b, 100-630 GeV me? )< 100 Sto p/ S botto I I I
8§ bbbt 2e,1(SS)  03b Yes 207 |b, 430 GeV mec3) =
5 8 W (|igh1),1ﬁbxf_ 1-2e,p 1-2b Yes 47 _ m@x? )_ 55¢
g_ S i (light), t>Wby? 2e 0-2jets Yes 20.3 i, 220 GeV mE9) =m(t ~NJ 6 0 O G eV
@ E ity (medium), t—>bx; 2e, 1 0-2jets Yes 20.3 1, 150-440 GeV m(x?) =0 Ge
< 3. tll_‘ (medium), tabfﬁ 0 2b Yes 20.1 1, 150-580 GeV m(z?) < 200
g St (heavy), ‘—nx 1ep 1b Yes 207 |1, 200-610 GeV m{?) =0 GeV ATLAS-CONF-2013-037
- g 111‘ (heavy), |—>1X 0 2b Yes 20.5 i1 320-660 GeV m(x9) = 0 GeV ATLAS-CONF-2013-024
™ S tt; (natural GMSB) 2e,n(2) 1b Yes 20.7 'i‘ 500 GeV m(x?) > 150 GeV ATLAS-CONF-2013-025
toby, t,ost+Z 3e,1(2) 1b Yes 207 |§, 520 GeV m(i;) =m(X9) + 180 GeV ATLAS-CONF-2013-025
ILAILA, 1170 2e 1 0 Yes 203 |71 85-315 GeV mE?)=0GeV ATLAS-CONF-2013-049
> G Z Z' i‘_nv (v) 2e, 1 0 Yes 20.3 % 125-450 GeV mz0) = 0 GaV ml V) = 0 &MY« mvON ATI AS-CONF-2013-049
W g x‘xf Xy v (V) 21 0 Yes 20.7 Zf ~ 180-330 GeV B u .
is} 1‘120 - I,_vl I(vv) WIUE V) 3e 0 Yes 20.7 ] 600 GeV m(x;)
s w |ad Chargino/neutralino
g o Direct )gx‘? prod., long-lived i‘i 0 1jet Yes 4.7
é % Stable g, R-hadrons 0-2e,p 0 Yes 4.7
& E GMSB stablef,lowp 2e 1 0 Yes 47 nJ e
g g 9DMSB, X}—YGllong-lived 7? 2y 0 Yes 4.7
~ %y = dqu (RPV) 1e 0 Yes 4.4 s vl 1, y uswuupisu e
LFV pp—v . +X, Vv -6+t 2e, 1 0 - 46 A33=0.10, 4,4,=0.05 1212.1272
LFV pp—V +X, v —e(W)+T leu+r 0 - 46 N5y =0.10, 4, ,3=0.05 1212.1272
=~ Bilinear RPV CMSSM 1ep 7 jets Yes 4.7 m(@) =m(g), ¢t p < 1 MM ATLAS-CONF-2012-140
Q Xk X WS X x‘ —eev ,env 4e 0 Yes 20.7 760 GeV m(x?%) > 300 GeV, lm ATLAS-CONF-2013-036
@« i‘i, X-WRS, x0o1veeve 3e,u+1 0 Yes 20.7 350 GeV m{?) >80 GeV, &4 ATLAS-CONF-2013-036
g-.qqq 0 6 jets - 4.6 1210.4813
541‘1,%,415 2e, 1 (SS) 0-3b Yes 20.7 880 GeV ATLAS-CONF-2013-007
& Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
g WIMP interaction (D5, Dirac ) 0 mono-jet Yes 10.5 n . m(y) <80 GeV, limit of < 687 GeV for D8 ATLAS-CONF-2012-147
Is =8 TeV B
- - full data 10 1 Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.




187E (LHCP13)E TMATLAS

Large ED (ADD) : monojet +E; ...
Large ED (ADD) : monophoton + £, ..

g Large ED (ADD) : diphoton & dilepton, m_,
ks UED : diphoton + E, ..
2 s'z, ED : dilepton. m,
g RS1 : diphoton & dilepton, m,,
5 RS1: ZZ resonance, my,
. RS1 . WW resonance, m, .
+3 RS g —tt (BR=0.925) : tt — l+jets.m
3 KK boosted
w ADD BH (M, iM,=3) : S8 dimuon, ﬁcn At
ADD BH (M., /M =3) : leptons + jets, Y p
Quantum black hole : dijet, F (m
SRS 4citiey GOntECE INTaraetion =3 .)..
3 qgll Cl : ee & i, rﬁ”
uutt Cl : 55 dilepton + jets + £, ..
OSSOSO oo oo ugliossSbpsontl bt Z(SSM)mHW
Z' (SSM) :m.,
% W' (SSM):m
> Wt g 2 .
W', (— tb, SSM): mm

.mle.'u...

- Kin. i evij
Scalar LQ palr{ﬁ 1): Ir.ln vars., II‘1].L].LJ_| ].LVJ_|
Scalar LQ

4" generation : bb'(T_ T,

)= Wit
New quark b’ : b'B'— Zb+X, m

Top partner : TT  tt + A A (dilepton, M. i

Vector-like quark : CC, m

Ivg

Excited quarks : dijet resonanc:e‘ mi
Excited lepton : |-y resonance, mI
..................................... T é’éh’ﬁi”ﬁéﬂ’r’t’ihé’"('LST'C')'""H{I'ébib'ﬁ"ﬁi;;“

Techni-hadrons (LSTC) : WZ resonance (vill,.m

Major. neutr. (LRSM, no mixing) : 2-lep + lets
W (LRSM, no mixing) : 2-lep + jets
H**(Dvpmd BR(H™ =Il)=1) : 55 ee {uu), m

H**(DY prod., BR{H*=eu)=1): SS ey, m |
Color octet scalar : dijet resonance, r;i:

Excif.

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

EERIZ K S HIIBR(Exotic)

ATLAS Exotics Searches*

- 95% CL Lower Limits (Status: HCP 2012)

f I T TTT
MD{E'Z}

My, (5=2)

ATI AR ‘
My (HLZ 5=3

e, LED ~ 4TeV
RS1 ~ 2TeV

Graviton mass (k/M;, = 0.1)
Graviton mass (k/Mg = 0.1)
g,, mass
My, (5=6)
My, (5=6)
My, (5=6)
A

A {constructive int.)
A
249 eV 7' mass

£=5.0-6.11", 8 TeV [ATLAS-CONF-2012-129]

L=4.7 b7, T TV [1210.6604] 14Tev  Z' mass

L=4.7 1b7, 7 TV [1209.4446) 255 TeV VW' mass 14

L=4.7 167, 7 TeV [1209.6503) 430 Gev VWV mass V nJ 2 . 5TeV
L=1.01b7, 7 TeV [1205.1016] 1.13Tev W' mass

L=4.7 1b7, T TeV [1209.4446) 242TeV W' mass

L=1.0 107, 7 TeV [1112.4828)
L£=1.0107, 7 TeV [1203.3172)
L=4.7 1", 7 TeV [Preliminary]

g0 Gev T gen. LQ mass
sascev 2" gen. LQ mass
5386av 3" gen. LQ mass

L=4.71b7, 7 TeV [1210.5488) 656 GeV ' mass

L=4.7 1b”, T TeV [ATLAS-CONF-2012-130] &T0GeV b' (T 5 Mass .

L=2.01b", 7 TeV [1204.1265) 400 Gav b’ mass V tO — I k a k
L=4.7 fo”, 7 TeV [1209.4156] 483GeV. T mass (m(A ) < 100 GeV) eC r I e u r

L=4.61b7, 7 TeV [ATLAS-CONF-2012-137]
L=4.6 b7, T TeV [ATLAS-COMF-2012-137]

142Tev VLO mass (charge -1/3, co

108 Tev VLQ mass (charge 2/3, cou Ny 60 OGeV
* mass

q" mass

I* mass (A = m{l*}))

p,Jeo; mass (mip Jes,) - min) = M, )

p, mass (m(p.) =m{x;) +m,, m(a ) = 1.1m(p.})

N mass (m(W_) = 2 TeV)

W, mass (m(N) < 1.4 TeV)

H* mass (limit at 398 GeV for uu)

H* mass

Scalar resonance mas

nskaranin|
10

10°
Mass scale [TeV]

107



20124 | ATLAS/CMS% < THI20fb 1D T—4ZLa—k

CONFerence notes using full dataset:

ATLAS SUSY 13 (submitted) ~20 more (expected)
ATLAS Exotic 1 (submitted) ~30 more (expected)

SNECAH, BZIEMNBEBSM-likelm EiE L A A2 TULVELY, 6 6

ATLAS: ST E1TH, EQERESREE CICIXIRIZE2BHEBE RN

HZA5FE ., 201 3% KR FE TIZpublication,
[ . L

LHC8 f&#T, FI-POURLAHLIMN? ?
F-Hh/\—LENTL Z L yphase space (compressed, RPV, Exotic signature)

4 Mapproach or interpretation THE #8%EL YA (simplified model).
\/\wI TS5 FH#EE R for discovery... y

LHC13/14 —BAH D IUPEA (SUSY) . FHEicA (non-SUSY)
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