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« The standard model is not the complete story
— light Higgs - hierarchy problem
— maitter antimatter asymmetry
— dark matter

* where Is physics beyond the standard model?
— new symmetries
« SUSY, LR symmetry

— new dimensions

 gravitons participate in particle interactions
— new bosons

« gauge bosons, KK states
— new fermions

« 4t generation, vector-like

— something completely different
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Supersymmetry

Inspired by string theory
fundamental structure of space time
predicts a superpartner for every known particle

— enables unification of coupling constants

— stabilizes a light Higgs boson mass
* need at least the 3" generation squarks to be light

— mass spectrum is model dependent
* interpret in simplified model scenarios
R-parity conservation

— superpartners produced in pairs |
— LSP Is stable avs

— provides a dark matter candidate v ! ?/
vy

— cascade decay to LSP -
— signature includes missing pr
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missing pT and b-jets CMS PAS SUS-12-016

* event selection _
_noisolated e orpory  \, i
— 2 jets with p; > 100 GeV e/ ®ens,, - i
— no jets with |n| > 3 g "
- Hr = Zjets>50 Gev PT > 275 GeV
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missing pT and b-jets
« combine all jets with p; > 50 GeV into two pseudojets

« analysis variable
E j2 _ el 2 L2 )
- ar = with My = (55— (Lp ) ~(Bapy)
— for a perfectly balanced dijet event a; = 0.5
— if the two jets don’t balance a; < 0.5
— If the two jets are not back-to-back a; > 0.5

« select ar > 0.55
« dominant backgrounds
— for events w/o b-jets: Z - vvand W - v

— for events with b-jets: ttand b —» #v

— constrain with u + jets, uu + jets, and y + jets control
samples
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missing pT and b-jets

« simultaneous fit to H; spectrum for 0,1,2, and >3 b-jets
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missing pT and b-jets

CMS Prellmlnary

800

400~
300~
200~

100 —

T | T
pp — g G g — 2t + LSP m(t)>>m(g)
Expected Limit +1c exp.
oNLOHNLL .1 5 theory

 CL,, 3.9fb", (s=8 TeV

O

Pl S

oy A E [

400 500 600 700 800 900 1000 1100

glumo (

102 ~ )
2 systematic
o uncertainties
c

10 2 background 20-70%
£
= [edt 4.4%
Q

1 & accx eff 13%
—
O

10" &
(o)}

1072

103

* m(gluino) > 850 GeV for m(neutralino) = 50 GeV
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like-sign dileptons and b-jets

e event selection CMS PAS SUS-12-017
— two like sign leptons (e, u) with p > 20 GeV
— two b-tagged jets with pr > 40 GeV

* backgrounds
— non-prompt leptons
— leptons (mostly e) with mismeasured charge
— rare sm processes (mostly pp — ttW and ttZ)
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like-sign dileptons and b-jets

CMS Preliminary \s =8 TeV, L =3.95 fb™

« event yields

[Ldt 4.4%
trigger efficiency 3%
lepton efficiency 5%
b-tag efficiency  2.7-10%
jet energy scale 2-5%

signal region | 1| Il _
>2 >2

b-jets >2

lepton charge + + T+ + +
pr (GeV) n/a >30 >30
Hr (GeV) >80 >80 >80
background 12.1+4.6 4.9+3.6 5.3+2.0
observed 13

7/30/2012
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like- S|gn dileptons and b-jets

. e g btWy,°
[ ]
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X-l_ 0
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Xt .
X7
W
t t 7
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m(gluino) > 880 GeV (if they decay to t or b) and m(b) > 408 GeV
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photons and missing pr

* gauge mediated SUSY
— gravitino is LSP
— neutralino is NLSP

« decays to y +LSP (bino-like) or to Z +LSP (wino-like)

* event topologies
- =2y (pr > 40/25 GeV) + = 1 jet (pr > 30 GeV) + g > 50 GeV
- = 1y (pr > 80 GeV) + = 2 jets (pr > 30 GeV) + P > 100 GeV
— no lepton veto

* backgrounds
- y + jets, multijets (no true missing pr)
« from control samples with low missing py
- Wy + jets, W + jets (true missing pr)
« from ey control data samples

CMS PAS SUS-12-018
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photons and missing pr

yy analysis y analysis

S 10— T T T T T g CMSprellmlnary404fb Vs = 8 TeV >1y>21ets
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e assume m(neutralino) = 375 GeV

« compare to GGM-SUSY predictions for m(squark) and m(gluino)
» determine upper limit for cross section in bins of missing pT
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photons and missing pr

yy analysis — bino like neutralino
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new dimensions

* removes the hierarchy problem

* consider 4+n dimensional space time

— gravity propagates in all dimensions

— appears weak in 4 dim space time

— gravity becomes strong at short distances
* expect

— effects of virtual graviton interactions

— KK excitations of graviton
e ADD Arkani-Hamed, Dimopoulos, Dvali, PL B429 (1998)

— n dimensions, compactified over multidim torus of radius R
- Mp, ~ Mp™"*R"

e RS Randall and Sundrum, PRL 83, 3370 (1999)
— one warped dimension
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new dimensions

* virtual gravitons modify production of sm particles
— enhanced production at high mass

 graviton production
— KK excitations - resonances

— graviton unobserved - missing momentum

« example: yy mass spectrum

— ADD Mp > 2.6...3.9 TeV
e forn=7..3

— RS m(grs) > 1.0 ...2.1TeV
e for k/Mp; = 0.01 ...0.1

Events/bin

10° "

10

1

10°%

10
E syst @ stat (total)
10

ATLAS Preliminary

0 e Wiy

= -+ 2011 data
1E" []Total Background
1[_ 1 "Reducible Background

syst @ stat (reducible)
i RS,&/M,, =0.1,m_=1.5TeV
E [ JADD, GRW, M = 2.5 TeV

JLdt =49"

\Ns = 7 TeV -

g 2
ATLAS-CONF-2012-087 < s ol NI
® 200 300 400 1000 5000 3000
my [GeV]
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monojets

« gravitons in extra dimension models
« dark matter particles WIMPSs (x)

7/130/2012

kinematically accessible
produced via exchange of particle with mass M

contact interaction with scale A = M/ /g, g,

assume Dirac fermions
relate production at LHC to y nucleon interactions

Ulrich Heintz — SLAC Summer Institute
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monojets

Run Number: 180309, Event Number: 36060682
Date: 2011-04-27 02:33:15 CEST
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monojets
ATLAS-CONF-2012-084 CMS arXIV 1206 5663

> 105 T | 1 1 1 | 1 1 1 | I I I I 1 1 I | I I 1 > 107 - T r ‘ Ty 1' l ' l Y ™rT
§ F ATLAS Preliminary ~ —*— Data20ts cMS =
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2 g e ADD 3=2 M,=35TeV Te) .
0 Ldt=4.71b —— Sum of backgrounds S v IL dt=50fb' [_Joco
L 1078 O Z(—w)+ets o 10 B
i - ] W(o )+jes = - 0w
1022 Is=7TeV =7 Ipseis 10 000 P ———
i " - [f+sing|e top Ll>J = ADDM »2TeV. 3«3
10 rel —J Mlultuet 103 _
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.............. [ Non collision

e 10?
107
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ET"** [GeV] ET** [GeV]
< 2jets pp > 120/30 GeV,[n| <2 < 2 jets py > 110/30 GeV, || < 2.4
lepton veto lepton veto

dominant background: Z —» vv and W — fv - estimated from data
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monojets

limits on extra dimensions in the ADD model

=  5F | L S L DA B & 7 ) ' ' ; g A
s F ATLAS Preliminary . Observed imit (£ 1o ) ] O - CMS —— CMS (NLO) 5.0fb" 4
E s LT © P > oF ts=7Tev e CMS (LO) 5.0 fb”’ 3
'E = Vs =7TeV, J L=47% ____ Expectedlimit (+ 10,,) 3 |.9 - % ATLAS (LO)33pb" -
= 4= === -=- i — - ILd(: 50fb «vies LEP .1
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_% 35 - — - D2 _f
§Q E |:_._ _.:_.".:_.". E 4 EL- ------------ _:4:
S e = - -
- el Rt -] 22 .. aAvaabesaave o 1
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g : s :
? E 15‘ et fnmennIntSpecssececticannee "'jf
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. . 1 ] L L j
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o
MD > 2 n 3 aEn 3 n 8 Tev MD > 2 | | 5 L | 4. 5 TeV
forn=6 ..2 forn=6 ..2
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monojets

x-Nucleon Cross Section [cm?]

7/130/2012

ATLAS Preliminary \s=7TeV,4.7 b
.‘ T T
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new bosons

» predicted in many models
— new symmetries - new gauge bosons
— KK excitations

* appear as resonances
— dijets (boosted),
— dilepton
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a B [pb]

dilepton resonances

 many BSM models predict narrow £ resonances
— Z" with sm like couplings ' =30GeV@ M = 1 TeV)
— Z’ of grand unified theories (I' = 6 GeV@ M = 1 TeV)

e some excitement in 2011 data

| I[,?.TL;.B.ET-(EDIHFI-ZIU‘! 2-007] _ cMs _[hep-ex 1206.1849] ee(5. Ot ) +u* (6. 30)

T 'I T L] T L] I T L] T L] I T T 1“ 1|' =
ATLAS Preliminary .- Expected limit o —— 95% c: L. urm: .
1 — o — F Tald - == N R . mmmaeem di cled-
2 \.?-?T&‘u’ ) Expected + 1o — ‘;”;%":‘;::;id ]
L= Expected+ 2¢ 95% expected
o' — Observed limit o 1
- = Zssu 10° — G, i
—Zy - mg:oua
—Z, . e=-:}
10° Z, =006
10° 10°
Eee:det:tt.Qﬂ:" -
:pp:_[Ldt=5.nfb" Oy . i, . pass
L B I Ry S— 500 1000 1500 2000 2500
m [TeV] M [GeV]

7/30/2012 Ulrich Heintz — SLAC Summer Institute 22



dilepton resonances

¢ event selection

— Isolated e: p; > 35 GeV
— Isolated u: py > 45 GeV

» background

> L L B S e A B T
5 10° & CMS Prelimina —— DATA =
- prom pt Ie pto nS % = i [  + other prompt leptons
b d MC > [ fake eu pairs i
e pased on 5 =

Vs =8TeV JLdt=3.7fb’1 :

« verify data-MC
agreement in ep

— Jets
* based on data

.

I l I [ S | 1 S N ) ) |
200 400 600 800 1000
m(e"u") [GeV]

107"
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Events / GeV

Events / GeV

dllepton resonances |CMs PAS EX0-12-015

10° — T .
104 CMS Prellmmary Vs=8TeV J Ldt=4.1f" * flt m(‘e'g) SpeCtra ] ]
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10 :;']O_:||||||||||||||||||||||||||:
104 Bt . . . e |- G ': -------- median expected |
e . =
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:l viZ—e'e B ]
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TT resonances ATLAS-CONF-2012-067

« in some models Z’ couples preferentially to 34 generation
« consider 7,15 (42%), ut; (23%), ey (6%) decays
» plot effective transverse mass

>104\'"\"'I"‘I"'I"'\"'IE re) — T T T
& fTLAS Preliminary e Data 2011 c.% N e Expected limit |
o 43 dtL=4.7 fb" ] Multijet 1E Expected + 15
T O ey — i © -E§E§§t§d+ 2 |
@ | w ] - 1
o 107 -Oth_)e:: = —— Observed limit |
i [ 1Z(1250) 77 ] o'k — Zssu .
10 E §
18 BLe o ¢ -
T " E 102; _
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a 3 L L R L R L B - |dtL=47f" \s=7TeV
> 1.2 N t l E " Combined
~ 1 5'" ‘ +' A d g 10—3 | 1 1 1 | ‘ | | 1 1 | I 1
% 05 v L 500 1000 1500
o) 500 1000 - 1500 . m., [GeV]
M(z,, 7, ET"°) [GeV] CMS arxiv:1206.1725 '~
SSM: M, > 1.4 TeV
. /
e SSM: m(Z") > 1.3 TeV E6: M, >1.1TeV
49/fb @ 7 TeV
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heavy W bosons
* many models predict new gauge bosons

— W’ with sm like couplings
CMS PAS EX0O-12-010

— decays to ev or pv

e event selection
— Isolated e: p > 45 GeV

— Isolated u: py > 90 GeV
* driven by trigger thresholds

— 0.4 <missing py/pr < 1.5
— lepton back-to-back in ¢ with missing pr

* backgrounds
— analytical fit to MC, normalization from fit to data

7/30/2012 Ulrich Heintz — SLAC Summer Institute
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heavy W bosons

- plot transverse mass: my =/ 2prpr(1 — A)

— W' — ev M=1.3 TeV
— W' — ev M=2.3 TeV

> 100 Sk zrtrmy T
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S WE G =S
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= 1”5 B acp
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heavy W bosons

« Bayesian limit calculation
— based on counting events with m; > threshold

2

u‘e 95% Observed Limit
_ | - 95% Expected Limit
o I Expectedih
® MW, > 285 TeV o0 3 : $$EalifmﬁmiﬂnNNLD
x 10 [ PDF uncertainty _ :
—-2011+2012data & | " Theoretonl Croes Section for W' 005 1oV |
O . R L T " T
- CMS$ preliminary
- ev and pv data B 10 Gombined e + i 20123
3 - [iLdt=3.7 b
b L s=§3 TeV
ATLAS-CONF-2012-086 & . N |
Q -
My, > 2.55 TeV -
ev and pv data -
1 -
4'7/fb@ 7TeV E|| L1 11 ||"-|| L1 11 L1 11 ||:«~|Mﬁ|‘~"rw.|_
1000 1500 2000 2500 3000 3500 4000
| GeV
7/30/2012 Ulrich Heintz — SLAC Summer Institute NIW 28



dijet resonances

ATLAS-CONF-2012-088 CMS PAS EXO-12-016 4
anti kT jets with R = 0.6 absorb jets with AR < 1.1 into leading tv/0'jets
pr > 150 GeV, |n,| < 2.8 pr > 30GeV, |n;| < 2.5
|An;;| < 0.6m;; > 1TeV Anji| < 1.3,m;; > 890 GeV
:_2 5| T T T T T T T T T T T T = E: 1GE'|""|""|""|""|""|""|""|'§
§ 10 e Data E 8 - CMS Preliminary (4 foY) .
- 10* — Fit —; E 1? o ?
3 — al === @GO Pylhia + CMS Simulation T
\S=8Tev 1 ] % " % JES U Lainiy E
Ldt=58f0" 3 g = neertain .
/ i B 107k —
= ; W (1.5 Tev) ;
. 107 = ' E, diquark (3.5 TeV) =
OE = E i E
; i m'*;q‘. ! =
e E - \5=8TeV .
- ATLAS Preliminary . 107 nj<25 A< 13 =
107 | | | S = Wide Jols =
¢ o o B 107 £
é Oz'h.—-.1h—h—- — g ;._E
s oo FL o o Siinlnkoll Bl O L Bl
2000 3000 4000 1000 1500 2000 2500 3000 3500 4000 4500
Reconstructed m, [GeV% » Dijet Mass (GeV)
: Po(1—x)"1 _
fit background to == where x = my; /+/s
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dijet resonances
ATLAS CMS
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dijet resonances

e upperlimitsono xB X A
Bayesian statistics
— signal shapes for

=
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7/130/2012

CMS Experiment at LHC, CERN

Data recorded: Sat May 26 13:25:
Run/Event: 195016 | 425646417

Lumi section: 384

dijet resonances
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massive tt resonances

benchmark models ATLAS arXiv:1207.2409

— leptophobic topcolor Z' (Harris et al., hep-ph/9911288)
— KK gluon (Lillie et al.,, PRD 76 (2007) 115016)
sighature
— |+jets
— for m(tt) > 1 TeV the decay products of hadronic t quark decay are
not resolved

event selection

— one muon p; > 20 GeV or electron p; > 25 GeV

— missing pr

- =1 jet with pr > 30 GeV close to lepton

- >1fatjet (R = 1) with p > 250 GeV, m; > 100 GeV
dominant background: tt, W+jets, multijets

expected 830+60 1010+70
observed 803 1034
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massive tt

resonances

ATLAS
JLdt=2.05 b’ Vs=7TeV
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zm  m(Z) > 1.55TeV
5/fb @ 7 TeV
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new fermions

« 4™ generation is straightforward extension of sm

Sequential Fourth Fermion Generation
T | T T T T T T

200

— constraints from experiment

3 . [wemow  Basketal arxiv:1107.0075v1 3
e m,> %M, £ ol E
e m,> 358 GeV £ £
e m,> 385 GeV oF s
e Im,-my[<M,, -502— _E
— decay modes 00 E
e ' bW " E e 994 09 L. 1t o lowe E
« b’ >tW > bWW T e e e

m,, - my [GeV]

« 4™ generation decays predominantly to 3’4 generation

— 4t generation would
» enhance production cross section of a Higgs boson
* make ewk measurements consistent with larger my

e vector-like fermions
— avoid sm constraints
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t2>bW — lepton+jets final state

* signature
* large branching fraction — significant background
* event selection

CMS PAS EXO-11-099

discriminating variables

— 1 lepton M t' mass from kinematic fit
* electron pr > 35 GeV H;  scalar sum of p; of all t't’
* muon py > 35...42 GeV J
. ecay products
— >4 Jets

e pr > 120,90,50...30 GeV
e > 1 b-tagged jet
— missing pr > 25 GeV
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t2>bW — lepton+jets final state

CMS preliminary _{s =7 TeV, 4.7 fb'
2000 5 etjets

1500}

Hy [GeV]

1000

soo-i—ﬁ - data

CMS simulation Ys=7 TeV
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etjets

t't’ 550 GeV

200 400 600 800 1000 200 400 600 800 1000

M, [GeV]

CMS preliminary
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m(t') > 560 GeV |

ATLAS PRL 108 (2012) 261802
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-
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~
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T | T I
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t >bW — dilepton final state

e sSignature
<” M,, < \/mtz — My,*
‘ CMS arXiv:1203.5410
« small branching fraction — little background

e event selection 810 CMS, 50" atVe=7 TV

] ] = S Theory (HATHOR) [25]

— - — N TT T TY Y 95% CL expected limits

2 OppOSIte Sign Ieptons ™ L —_— 95% CLobZer\tfed Iimitts |

* Dr > 20 GeV % e . Expected Iimitsiks |

. Z, Y,]/)( veto B, 5 Expected limits + 26

— 22 jetspr >30GeV, =2 b-tags . el i

— missing P >50GeV - S D )

B mln(Mgb) > 170 Gev 101 L T LT T -
ATLAS arXiv:1202.3389 350 400 450 500 550 Eoo

m(t") > 350 GeV M, (GeV/c?)

1/fo @ 7 TeV m(t’) > 557 GeV

7/30/2012 Ulrich Heintz — SLAC Summer Institute 38



b’ 2>tW

e sSignature
<b’
.

 event selection

— 2 same-sign leptons + > 4 jets

— 3 leptons + > 2 jets
 muons p; > 15 GeV
» electrons pr > 20 GeV
* jets pr > 25 GeV, > 1 b-jet

- St =Y. pr(jet, lepton) > 500 GeV

7/130/2012

CMS arXiv:1204.1088

o(pp — b'd") [pb]

—
Q

102

CMSL=49fb" at \Us=7TeV

T T T | ! ! | ! ! ! ! |
observed limit 20

3 -+ expected limit 1o |
E """'"--... ------- Theory (HATHOR)
:_ ---------.--.-----------------I:':‘::.Eq-r ---- E
[ M, <611 GeV/c’ is excluded at 95% CL

T R S
450 500 550 600 650

M,, [GeV/c?]

m(b’) > 611 GeV

Ulrich Heintz — SLAC Summer Institute 39



4t generation quarks

« complete 4th gen model

1 0 0 0
v axa_[0 1 0 0
CkM 00 VA +V1-4
0 0 Vyi—4 VA

 include all t" and b’ production processes

— event selection o 7507 RIETnAL, 5{?1 atNs=7TeV
* one electron/muon pr > 40 GeV ﬁ I
* missing pr > 40 GeV g 700
e >1jetpr >30GeV = | |
e >1b-tagged jet 6501 i

— classify events according to

- S0 — obs. limit 95% CL .

number of hadronic W decays : exp. limit 95% OL 1
[ +106 ]

550 [ |+20c .

m(t’) = m(b’) > 685 GeV
0.8 0.85 0.9 0.95 1

forA =1 A=V2=V2 = 1-VE =1-V2
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vector-like quarks CMS PRL 107, 271802 (2011)

* not subject to sm constraints, eg on FCNC

e do not have to couple to Higgs boson

« predicted e.g. by little Higgs models

e can decay to bW, tZ, tH

 assume 100% t't’ - tZtZ v
— 3isolated leptons p > 15 ...20 GeV <

e 60 < my, < 120 GeV t

— >2 jets pyr > 25 GeV
- Rr =Y;.307r(jet + lepton) > 80 GeV
=2 m(t") > 475 GeV

 assume 100% b'b’ - bZbZ
— 2 isolated leptons 60 < m,, < 120 GeV
— 22 jets pr > 25 GeV , >1 b-jet
— reconstruct bZ mass spectrum
> m(b’) > 550 GeV CMS PAS EXO-11-066
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heavy neutrinos |cwms pas Exo-12-017

* LR symmetric model d

—introduces Wy, Z', vy ) .

* event selection
— leptons (ee or uu): pr > 60/40 GeV
— Jets: pr > 40 GeV
-m(£€) > 200 GeV

* backgrounds
— top pair production: normalize to en data
— Dell-Yan: normalize to Z peak in data
— multijets: data-derived fake rates
- WW,WZ,ZZ, single top production: MC
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heavy neutrinos
— expect peaks in m(£€jj) and m(¥jj) : o

u
CMS Preliminary 3.6/ at 8 TeV 5 CMS Proliminary 3.6/ a8 TeV
> L Ll L L] I T L L l L e Dm. (352) > 10 =—' Al Al L I' LA A A A ] A —— Dm (310)
o 10° () E
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. —— My, = 1.8 TeV (72) i —— My, = 1.8 TeV (59)
-~ r_ ot | sndiennd e, :_‘_1 8 N
ng t 14: E %’1025— N, y
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heavy neutrinos

e liImits

—assume gr = g; and negligible LR mixing

— assume only one flavor (e or u) is accessible

< 2000

& 1800F
—+1600L
1400E
1200F
10007

=

800
600
400

2[][] FAFEE

—form,, =
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something completely different

* magnetic monopoles

* black holes
o« 777
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magnetic monopoles ATLAS-CONF-2012:052

* monopoles

— are highly ionizing
— Interact with matter like particle : I &
. - ATLAS Preliminary
with large charge v
° S|gnature EILdt=2.00fb"
L 0.2_— + Data 2011 1
— large local energy deposit in [ o omer .
LAr EM calorimeter O 0T 008 008 0.04
— matched to high radiation e er %
density inNn TRT o ATLAS Preliminary :
Data2011 ... Observed limit (DY) .

— straight in r¢ (if neutral) and
curved in rz

— must have p;r > 200 GeV to
penetrate to calorimeter

7/130/2012

102;—

15

10 | Ldt=2.00fb"

Ns=7TeV

- @@ 0

Obsetrved limit in fiducial region

-1 1 .
10" 500
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black holes CMS PAS EXO-12-009

* low scale guantum gravity
- n extra dimensions
— multidimensional Planck scale M,™** o« Mp*R™™"
 black hole production
— detalls of final state depend on evaporation model
- 87 = Xjeuyyv Prprovides model independent
signature
* main background: multijet production
— shape independent of jet multiplicity n;
— fit distribution for n; = 2 and Sy < 2.8 TeV
— normalize to data with n; = 3 and Sy < 2.2 TeV
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black holes

. . = . . — 1 = . . 1
° 51[} = CMS Preliminary {s =8 TeV, 3.7 fb a) g - CMS Preliminary Vs =8 TeV, 3.7 b
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100 i
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: ] - e
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§_ [, - E O
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black holes

 limits on semiclassical black hole production

'E_ E CMS Preliminary ys =8 TeV, 3.7 b
e [ Nonrotating Black Holes
10 Theoretical Cross Section
= —----M,=35TeV,n=2
- —---M;=30TeV,n=4
B M,=25TeV,n=6
1= Observed Cross Section Limits
S —e— M,=35TeV,n=2
- oy = M,=30TeV,n=4
- M,=25TeV,n=6
107 e
107F N
- 'iﬁ_ﬂ--,ﬂ . _
- e — '“_:-n__ — ":J.'\
10%F o
;I'IlllIIII|IIII|III1~"+|I‘I"II|IIII|I

4 45 5 55 6 65
M (TeV)

« minimum black hole mass > 4.1-6.1 TeV
— forMp <45TeVandn <6
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black holes

CMS Experiment at LHC, CERN

Data recorded: Mon May 23 21:46:26 2011 EDT
Run/Event: 165567 / 347495624

Lumi section: 280

Orbit/Crossing: 73255853 / 3161
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summary of limits from ATLAS

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: ICHEP 2012)

................................................................................................. i [T T T T TTT I I T T T T1TTT I I T TTTT | I I T TTTT
Large ED (ADD) : monojet + E; ... M, (5=2)
Large ED (ADD) : monophoton + E; . M, (6=2)
Large ED (ADD) : diphotnn,mﬁ M (GRW cut-off, NLO) AT_"‘AS
” UED : diphoton + E; .. Compact. scale 1/R Preliminary
_§ RS1 with kiM, =0.1: {‘lipr‘n:rlc:r'hﬂ'LrLr Graviton mass
= RS1 with k/M, = 0.1 : dilepton, m Graviton mass j - . -1
£ RS1 with k/M, = 0.1 -2z resonance, m,, ,,,IJIJ Graviton mass Lat=(1.0-58)
= RS1 with k/M, = 0.1 : WW resonance, my,,, Graviton mass Is=7 8TeV
i; RS with g fgg——{}.ZU tt— |‘|‘jE.'tS,m KK gluon mass
i RS with BR{g_—tfE0'925 : tt — I+jets.m  * KK gluon mass
ADD BH (M, /M,=3) : SS dimuon, Ny M., (5=6)
ADD BH (M, /M =3) : leptons + jets, Lp My, (5=6)
Quantum black hole : dijet, F (m,) My, (5=6)
....................................................... 66 contact interaction 1) IS —
G qqll CI : ee, uu combined, 1"5" L=1442 67,7 Ta¥ [1112.4452) i0.27eV| A (constructive int.)
uutt Cl - S5 dilepton + jets + E,  [£=t.0#h" 7 TeV [1202.5520) 1TTeV A
..................................................................................... Z(SSM)mHHM 1280 17 R R A O 2T ——
Z' (SSM) :m.. |L=471b", 7 TeV |ATLAS-CONF-2012-067) 13Tev 7' mass
= W' (SSM) :my,,, |L=47 16", 7 TeV [ATLAS-CONF-2012-086] 255Tev. W' mass
W' (—=tq, g =1) M, |L=47 107, 7 TeV [CONF-2012:006) 350 GeV W' mass
W', (— th, SSM) M| L=10 1,7 Tev 1205.1016) 113Tev W' mass
o Scalar LQ pairs (#=1) : kin. vars. in eejj, evjj [L=1.00" 7 Tev [1112.4528) ssocev T gen. LQ mass
S Scalar LQ pairs (4=1)  kin. vars. in uujj, uvij |estom?.7reviassirz esscev 2" gen. LQ mass
4" generation : Qdﬁd_) WoWg [ L=1.0167 7 TeV [1202.5368] 380GV Q, mass
o 4' ; eneration : u T,— WbWb  [L=1.0m™ 7 Tev [1202.5076) 404 GeV | U, Mass
g 4" generation : d d,— WiWt |L=1016"7Tev 11262 8540] 480Gev  d, mass
o New quark b’ : b'b'— Zb+X, m, | L=20M" 7 Tev [1204.1265) 400 GeV b’ mass
3 Tl pamnes = WHAA  2-lep +jets +E (MT23 L=1.0157, 7 TeV [ATLAS.CONF2012071] | 483 GeV T mass (m(A ) < 100 GeV)
= Vector-like quark : CC,m,,,, |L=1.0M" 7 Tev [1112.5755) a00 Gev O mass {coupling k.o = v/img)
L=1.81b", T TeV [1112.5755] 780 GaV | O mass (coupling k., =v/img)
L=z 1, T TeV [1112.3560) 246TeV. Q" Mass
L=5.81h", § TeV [ATLAS-COMF-2012-023] 266 TeV 0" mass
L=481b", 7 TeV [ATLAS-COMF-2012-023] 20T &' mass (A = mie"))
| L=481b", T TeV [ATLAS-CONF-2012-023] 18TeM u* mass (A =miu*))
_ o pJo; mass (m(p_ju,) - mix;) = 100 GeV)
N Techni-hadrons : WZ resonance {vlll)’mr.wz p_ mass (m(p y=mix) +mw,mf\aT} = ‘|_‘|m(pT}J
& Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 2 TeV)
S W, (LRSM, no mixing) : 2-lep + jets Wy mass (m(N) < 1.4 GeV)
H™ (DY prod., BR(H"—>pp}=1) : SS dimuon, m
________________________________________ Color octef scalar : dijet resonance, m, Scalar resonance mas
l I T I I [ N
10" 1 10 10°

Mass scale [TeV]

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

b’ = tW, (3], 2I) + b-jet

Z’SSM I
Z’ SSM tau tau ‘ q’, b'/t’ degenerate, Vtb=1
Z’, ttbar, hadronic, width=1.2% b’ = tW, l+jets 1
7, dijet 4th

o - B' = bZ (100%) .

Z’, ttbar, lep+jet, width=1.2% 5 GenerOhon
Z’SSM |l (fbb=0.2) . T = 1Z (100%)

—— W (100%), l+jets

G, dijet

T

I A=2TeV

. G, ttbar, hadronic t' = bW (100%), I+
G jet+MET k/M = 0.2 ' LQ1, B=0.5
GyykM=01 ' 0o 1 2 3 4 5 LQip=1.0
G, Z(hZ(qq), k/M=0.1 ‘ LQ2, p=0.5
W iv | qa* (qg), dijet LQ2, p=1.0
w g F_' q’@W) LQ3, (bnunu) Br(LQ — bvr) = 1
W’ — WZ(leptonic) ) q7(a2) LQ3, (btau) p=1.0
WR’ — tb ) g*, dijet pair stop (btau)
WR, MNR=MWR/2 N g", boosted Z
WKK p = 10 TeV o
pTC, TG > 700 GeV A Compositeness

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fob=1

E6 diquarks (qq)

Axigluon/Coloron (qgbar)

gluino, 3jet, RPV

3 4 5 6
gluino, Stopped Gluino
stop, HSCP
stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
fractional charge, q=2/3e
fractional charge, q=1/3e
multiple charge, q=2e
C.I. A, X analysis, A+ LL/RR CO n-l-Oc-I- multiple charge, g=3e

C.I. A, X analysis, A- LL/RR InTero CﬂOI’] neutralino, ctau=25cm, ECAL time

C.l., dimuon, destructve LLIM

|

o
=
N
w
~
o
(<)

0 1 2 3 4 5 6
C.l., dimuon, constructive LLIM MBH, rotating, MD=3TeV, nED = 2, BlackMax

. MBH, -rot, MD=3TeV, nED = 2, BlackM
C.1., single lepton (HNCM) non-ro eV, n lackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

MBH, boil. remn., MD=3TeV, nED = 2, Charybdis

MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2
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summary

e LHC delivered
—in2011:5/fb @ 7 TeV
— 1n 2012: 8.6/fh @ 8 TeV so far

— great laboratory to search for new physics at high
energies

 ATLAS and CMS

— have searched for a plethora of signatures

— already many results from 2012 data @ 8 TeV
« CMS: 8, ATLAS: 1

— no sign for BSM physics yet ...

— | couldn’t cover everything ... for more info:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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