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The Compact Muon Solenoid

I LHC Delivered: 23.30 b !
[ 1 CMS Recorded: 21.79 tb!
CMS Validated: 20.65 b !

.
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CMS Preliminary
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Len gth: ~ 21 m\
Height: ~ 15 m: § J o
Weight:\12500 t - §)

Date (UTC)
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Total Integrated Luminosity (b ')
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Searches for BSM (what are Exotica?)

... are a key part of the CMS physics program (and substantial)
Supersymmetry, ...

Technicolor, ...

Extra dimensions, ...

Extended gauge sector, 4™ gen.
Substructure, Leptoquarks

Dark matter

Black holes, unparticles
(Non-)resonant structures

Rare decays

Metastable, long-lived particles
Signature-based <» model-inspired

Already more than 100 BSM physics papers!
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Supersymmetry, ...
Technicolor, ...

Extra dimensions, ...

Extended gauge sector, 4™ gen.
Substructure, Leptoquarks
Dark matter

Black holes, unparticles
(Non-)resonant structures

Rare decays

Metastable, long-lived particles

S'I g nature- based <> mode l-] nspi red © W.Sauber via wikimedia commons

Already more than 100 BSM physics papers!
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Searches for BSM (what are Exotica?)

... are a key part of the CMS physics program (and substantial)
Supersymmetry, ...

Technicolor, ...

Extra dimensions, ... CMS Physics Publications: 260+23

Extended gauge sector, 4™ gen.
Substructure, Leptoquarks
Dark matter

Black holes, unparticles
(Non-)resonant structures

Rare decays

Metastable, long-lived particles

Signature-based <» model-inspired

Already more than 100 BSM physics papers!
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Summary of Exotica at CMS

LQ1, p=05

C M S EXOT'CA 95% CL EXCLUSION LimiTs (TEV) oo B=10

9 (qg). dijet
q* {qW)
q°(qd)

q° , dijet pair
q, boosted £
e h=2TeV
pe, A=2TeV

Z'SSM (ee, py)

Z55M (1T)

Z' (tt hadronic) width=1.2%
Z (dijet)

Z' (tt lep+jet) width=1.2%
Z'SSM {I) fbb=0_2

G (dijet)

G (ttbar hadronic)

G (et+MET) kM = 0.2

G (yy) kM =01

G (ANSgq) kM =01
W’ (V)

W’ (dijet)

W (td)

W'— W leptonic)

WR' (ib)

WR, MNR=-MWR/2

WKK p=10TeV

PTG, NTG > 700 GeV
String Resonances {gg)
s8 Resonance (gg)

EG diquarks {qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPY

gluino, Stopped Gluino |

stop, HSCP

stop, Stopped Gluing
stau, HSCF, GMSB
hyper-K, hyper-p=1_2 TeV
neutraling, ct<50cm

Arnd Meyer (RWTH Aachen)

Compositeness

LQ2, p=05
LQ2, p=1.0
LQ3 (bv), Q=21/3, p=00

LQ3 (bT), Q=+2/3 or +4/3, p=1.0

stop {br)

b" — tW, (31, 2)) + b-jet

q’, b'/t’ degenerate, Vib=1
b* — W, l+jeis

B’ — bZ (10096}

T — tZ (10096}

1" — bW (10086}, l+jeis

t' — bW {100%),

C.I. A, X analysis, A+ LL/RR
Cl A, X analysis, A~ LL/RR
C.L, py, destructve LLIM
C.1., gy, constructive LLIM
C.l., single e (HNCM)

C.l., single p (HnCM)

C.L, incl. jet, destructive
C.L, incl. jet, constructive

Ms, yy. HLZ, nED =3
Ms, yy. HLZ, nED = 6
Ms, I, HLZ, nED =3
Ms, I, HLZ, nED = &
MD, monojet, nED =3
MD, monojet, nED = 6
MD, mono-y, nED =3
MD, mono-y, nED = 6

MBH, rotating, MD=3TeV, nED =2
MBH, non-rot, MD=3TeV, nED =2

MBH, boil. remn_, MD=3TeV, nED = 2
MBH, stable remn_, MD=3TeV, nED = 2
MBH, Quantum BH, MD=32TeV, nED =2

3 4 5
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Overview

» Monojets » Vector-like T — tZ, tH, bW
¢ Large extra dim., dark matter, ... » Vector-like B' — tW, bH, bZ
» Di-jet resonances (w, w/o b-tag) » Q=5/3top partners
¢ Many interpretations » High mass di-boson resonances
» 3-jet resonances (RPV SUSY) ¢ W', extra dimensions, ...
» Di-lepton resonances » Microscopic black holes
» Di-lepton large extra dimensions » Jet extinction
» Single lepton + MET ¢ Black holes, ...
¢ W', Universal ED, Cl, DM » Displaced jets
» W —tb ¢ Split/RPV SUSY, hidden valley, ...

» 2" generation leptoquarks (l+jets) =~ » Heavy stable charged particles

» Z'— ttbar searches

¢ Semi-leptonic, all-hadronic
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Overview

» Monojets » Vector-like T — tZ, tH, bW
¢ Large extra dim., dark matter, ... » Vector-like B' — tW, bH, bZ
» Di-jet resonances (w, w/o b-tag) » Q=5/3top partners
¢ Many interpretations » High mass di-boson resonances
» 3-jet resonances (RPV SUSY) ¢ W' extra dimensions, ...
» Di-lepton resonances » Microscopic black holes
» Di-lepton large extra dimensions » Jet extinction
» Single lepton + MET ¢ Blackholes, ...
¢ W', Universal ED, Cl, DM » Displaced jets
» W —tb ¢ Split/RPV SUSY, hidden valley, ...

» 2" generation leptoquarks (l+jets) ~ » Heavy stable charged particles

» Z'— ttbar searches

B : Next talk
B : Next-to-next talk

¢ Semi-leptonic, all-hadronic
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Aside: BS — U

Highly suppressed in standard model (FCNC)
Very sensitive to new physics in loops
Finally observed by CMS and LHCb

Result compatible with SM expectation

vy v v Y%

CMS-L=5fb "Ys=7TeV,L=20fb " Ys=8TeV

< 501 —4— data

@« — full PDF

O Bl

g B s

o o217 L7 T combinatorial bkg

e . W . L 0 o N | R CEETY semileptonic bkg

a Erw L STy e peaking bkg LHCb 3fb ' [~

% i i sm

o 301

E L CMS 25 [

Lo P, .. e

G’ —

> 201 +

= ;\ + CMS+LHCh

—_ = preliminary |

om L

+ — —a e

2 q0 0 1 2 3 5 6 7

@ T B(B)—> wrp) [107]

SRR "’"‘.i';\‘. oL . ok 0 + ., — _ -9
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m,,, (GeV)
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Aside: B —uu

Highly suppressed in standard model (FCNC)
Very sensitive to new physics in loops
Finally observed by CMS and LHCb

Result compatible with SM expectation

vy v v v

CMS Experiment at the LHC, CERN

Data recorded: 2012-Nov-30 07:19:44.547430 GMT (08:19:44 CEST)
Run/ Event: 208307 / 997510994

Arnd Meyer (RWTH Aachen) October 11, 2013

BPH-13-007

E 4
‘B.'-..r.!r [
s, d i
LHCb 3fb ' |-
I sMm
CMS 25 |+  —
CMS+LHCb
preliminary | I '
PSS [T SN SN TSN N SN N 1) 1 M N [ T T S T N R S S
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B(BY— wu) [107]
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Events / 25 GeV

“MonO”-jetS EX0-12-048

» Versatile search channel for many “invisible”
new particles

. . . . 1 8 q
» Highly sensitive to extra dimensions, E =
unparticles, dark matter, ... : %
» Main knobs: jet p_, missing E_
_ q G
¢ Allow second jet (not back-to-back) q X
1 0? ; T TT ‘ T TT | T 1T ‘ 71T | lii Z|_I~VIVI T ‘ 71T 1T ; ms\ 5 (é%/:t'] ;é%é%?;%jgg:gtz;éﬁé:ﬁst oo OB
- CMS Preliminary [ ] w—w 5 g oneet
10°= Vs=8TeV I s Jet0, ”
" (Lat=tosnt | : = <
10°= f - [ Jaco - ; = : V
= I z—ir 3 pr” 2o % Z
+ g 0 e ADDMy=2TeV,8=3 | \\’ g i
10 g ...... DMA=09TeV.M_=1 Ge\lg = \\ ’ \ V
103% ...... UNP dy=1.7, A, =2 TeV é . -
2 C ") n “" = . -
1072 § ERtey i E " Mpi_%m.ea
og b jet

20 ‘ L1 11 | | Ll 1 : \
200 300 400 500 600 700 800 900 1000 %
E™° [GeV]
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“Mono”_jets EXO0-12-048 !

:} [T T T | 1T T | T T | T 17T | T T | T T | T T 17T 17 T_]
G107 ] z—vv =
v CMS Preliminary [ ] w—w .
2 10° {s=8TeV B =
S F B O -
ool det=19.5fb 7 aco -
: I 2 -

10 ;_ ------ ADD Mp=2TeV, d = 3 _;

- | Y e, 0 =e=sae DMA =0.9TeV, MX:1 GeVE

10° | bk @, e UNPd=1.7,A,=2TeV |
10°E =
10 = -

1=

200 300 400 500 600 700 800 900 1000
EM*® [GeV]
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“Mono”-jets

g L | | I - <~

oY —

Q - CMS Preliminary ] %

% Vdw fl_dt =19.5fb", {s=8 TeV ~ = 7

— C ] 2

~— - CMS Monojet (LO) 8 TeV, 19517 | <
61— — 6

) B ATLAS Monojet (LO) 8 TeV, 10 16" ]

2 C as===ss CMS Monojet (LO) 7 TeV, 5 f5 ]
oF _—— E >
4E: = 4
3 - 3
2 2
15
ok - 0

Large extra dimensions:
Fundamental Planck scale MD >3...5TeV

(up to 5.7 TeV @ NLO)

Arnd Meyer (RWTH Aachen) October 11, 2013

EXO-12-048

CMS Preliminary

N JLdt:19.51b'1

e e,
N 2 \s=8 TeV, 95% C.L.

—— Obs. limit, V8 TeV
— Obs. limit, {7 TeV
o \— CDF + Theory limit

—L—I-III|IIII|IIII|IIII|IIII|IIII|IIII|

[\:l—i-llllllllllllI|IIII|IIII|IIII|IIII|III4—

o

c

(Stable, scalar) unparticles
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“MOHO”-jetS EX0-12-048

» Pair production of dark matter characterized by a contact interaction
effective theory

» Limits translated to DM-nucleon cross sections in order to compare with
direct detection experiments

Illlll T T lIIIIl |_|1027 T T lllllll T T IIIIIII ||_

e 1028 — CMS Preliminar —

CMS Preliminary E i T ]

'—' 30 \/§ =8TeV ]

A e 107F —e— CMS 2012 Scalar ]

CMS, (s=7TeV,5.1 fo" .0 o s IL dt=19.5" B

e @ pd e — —]

- 3] 1077 3

\\\ CMS, s =8 TeV, 19.5 fb” % - -

107" =

A

\\ BN = %) = =

” 8 1076 _

20 B 7

SIMPLE 6 = — (TYHX)(aY“q) DM-quark couplii./'/;

b 1038 = 22 : <d

ourPP 2012 c [t e —

% O 40" _|

Qo comst © 107F ]

o o - -

S 104L 44 S 104 . .

10 E I 10 00

z =CMS Preliminary z KENON? Z [ %4680 out-giuon coupling )/,//:
Al CARBALCAS) x10% @y x)@r"q) R10% = =
£ Spin Dependent, Axial-vector operator—“——— Spin Independent, Vector Operator — > — |n Independent —

10-461 1 Lol 1 Lol 1 AIIIIII 10—46 1 Lol I Lol |A| L1111l 10-46| Ll 1 ol
1 10 102 1203 1 10 102 1203 1 10 10? 2o3

M, [GeV/c?] M, [GeV/c?] M, [GeV/c?]

» Many operators, validity range of effective theory, new models, ...
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Di-jet searches EX0-12-059

» Di-jet mass highly sensitive to many new physics models including excited
quarks and contact interactions, axigluons, W', Z/, ...

2

> T I ETI[II'II'I'IIllllI'II'I'IIl[lII'I'II'IIIIIII'I'II'IIIIIIIIT?
[eb] —e— Dat = e sl =
O 2 - CMS Preliminary siring §
S Fit 103 - === Excited Quark _
Q. 4o 0CD e B _ \s=8TeV,L=19.61b" Axigluon/Coloron 7
- "~ E e T - ., Diquark

= _ o . ml<25]An]<13 o E, Diq
= 102 JES Uncertainty 10 . ii sB
o] E . "\_ _____ ws
= - .
8 107 - 10 4 X z

W’ (1.9 TeV) > g RS Graviton

—
L
T |||||||| T ||||||||
e - -
A /
= ')
£ " . #
o, "
Fy ,
[
o .
7
F
[f ’

—k
*
+

W A/C(3.6TeV) __

-

—
Q
i)

CMS Preliminary

Cross Section x Bx A (pb)

107 .1
= V\s=8TeV ,L=1961b =
s nl <25, |f“_\.l]jj| <1.3 al
107 E" m, >890 GeV , Wide Jets 107 | 95% CL Upper Limit 33
y 1 : : : E  —e— Gluon-Gluon
=] 3 - "' A - N \‘
2 = ' 10 k- —*— Quark-Gluon RO
E B E i .'"-.?'b
® B E F =& Quark-Quark a3,
a SE ; i 5 5 5 ; i i 5 | | | | | L | | |
= OD0 1500 2000 2500 3000 3500 4000 4500 5000 5500 B O s

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Dijet Mass (GeV)
Resonance Mass (GeV)

» Present results in a way to allow straightforward application to new models
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Di-jet searches

EXO-12-059

» Di-jet mass highly sensitive to many new physics models including excited
quarks and contact interactions, axigluons, W', Z/, ...

\ | Lumi section: 32 Lumi section: 32

Di-jet mass = 5.15 TeV

Model Final State Obs. Mass Excl. Exp. Mass Excl.
[TeV] [TeV]

String Resonance (5) qg [1.20,5.08] [1.20,5.00]
Excited Quark (q*) qg [1.20,3.50] [1.20,3.75]
E¢ Diquark (D) qq [1.20,4.75] [1.20,4.50]
Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08] [1.20,3.87]
Color Octet Scalar (s8) gg [1.20,2.79] [1.20,2.74]
W’ Boson (W’) qq [1.20,2.29] [1.20,2.28]
Z' Boson (Z') qq [1.20,1.68] [1.20,1.87]
RS Graviton (G) qa+egg [1.20,1.58] [1.20,1.43]

» Present results in a way to allow straightforward application to new models

Arnd Meyer (RWTH Aachen) October 11, 2013
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Di-jet searches (bb, bg)

. 10 CMS Preliminary L -19.6fp" _ \s=8TeV
>
Q 1 - Data
o)
2 10 —Fit
-g— 102 Ml <258&an <1.3
8 1 M, >890 GeV, WideJets
10*
10°
10° N G(28TeV)
107
10°®
£ 3
© 2
= 1
[ 0w
& -
8§ 2 e : : : : ; :
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Dijet Mass (GeV)
CMS Preliminary L=196f" |s=8TeV
3 :I\IIIIIIIIIIIII|IIII|II\I|II\I|II_
o |l qagbb,f_=0.2 0, 1 and 2 b-tags
~ bb
< 10 e Z(f,=0.2) =
X F 95% CL Upper Limits .
5 ; —e— Observed ]
T ----- Expected
3 Mo E
> F +20 3
~—" L -
m L ( _B(X - bb) |
X 107 b6~ B(X — jj) B
© E ]
102 E
E ml<258&an <13 E
[ WideJets ]
10'3Illll|IIII|IIII|III~‘I\4II1I|IIK 1|
1000 1500 2000 2500 3000 3500 4000

Resonance Mass (GeV)
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CMS Preliminaryl L

—e— Data

— Fit

% 107? Ml <2.5 & |An| < 1.3
8 1° M,>890 GeV, WideJets
10
10°
10°
07 T
10°
£ 3
e 3
E 0 —
2 3 ; e : :
= 000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Dijet Mass (GeV)
CMS Preliminary L=196f" |s=8TeV
3 _I 1T 17T | L | L | L | T T 1T | L | 1]
o b* — bg 0, 1 and 2 b-tags
N
< 10 e b* PYTHIA8 =
X - 95% CL Upper Limits .
E : —e— Observed i
----- Expected
T 1 Mo 3
X c 20 .
~—" B -
m L ]
X 1 _
107k §
© " F E
102 E
E Mi<258&an<13 ]
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(Data-Fit)/s,,,

EXO-12-023

10 CMS Preliminary | =19.6fb s =8TeV
2 b-tags
1 —o— Data
10™ — Fit
102 Ml <25&|An < 1.3
103 Mij >890 GeV, WideJets
10
10°
10°®
107
w0 T
3
2
1
0
-1
2 ; A
000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Dijet Mass (GeV)

Extend to
(0,) 4,2
b-tags
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Pair-produced 3-jet resonances EX0-12-049

» Benchmark: pair-produced gluinos decaying to 3 jets in RPV SUSY
» Combine 6 highest p_jets into 20 unique triplet combinations
» To suppress wrong combinations and QCD, only accept triplets that satisfy
» Look for bump in falling spectrum
Mjj; < Z prli —
o CMs Prel|m|nary195fb at \E = 8 TeV i=1
s o | ' A=110GeV, 6" Jetp 1|10|Ge\f:
é i Sphericity > 0.4 7
=CF ~+-Data E CMS Simulation Preliminary
% - _Fg/toé?ﬁgztaélzs : % i TS TP AR T M e s TR T
2 10 — éignal M= 750 GeV E %1200:_ e
C . B / i
£ — Signal M = 500 GeV i émoo_— SO
- - g [ S j
107 = E aoo:— // _Z
- 3 = L i
104;_ —é 2600:— _:
b | s RPV Gluino -
L8 [ 400 GeV |
g 200_— —
E ¢ o o 0: A|1..1.1.|1..1.1.|1.11.i
8 0 200 400 600 800 1000 1200
8 Triplet Scalar p_[GeV]

400 600 800 1000 1200 1400 1600 1800 2000
Triplet Invariant Mass [GeV]
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Pair-produced 3-jet resonances EX0-12-049

» Inaddition to inclusive search, apply b-tagging for enhanced sensitivity to
decays with b quarks (gluino — udb, csb)

CMS Preliminary 19.5fb™ at /s = 8 TeV
T T T | T T T ‘ T T T | T T T I T T t

—— Observed Limit
—— Expected Limit
[ ] Expected=10

[ Expected= 20

___ Theory Light-flavor RPVA"
12 3

10 =

» Inclusive search: exclude RPV decaying

gluinos with M < 650 GeV

10"

95% CL Limit o x BR(X — jij) [pb]
T

» b-tagged: exclude 200 < M < 835 GeV

107 -

AN
1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 J 1 1 1 | 1 \l 1 1
400 600 800 1000 1200 1400
Triplet Invariant Mass [GeV]

CMS Preliminary 19.5fb™ at {'s = 8 TeV
T T | T T T | T T T | T T T | T T T | T T T

3 2;' | T T | T N
g 10 g —— Observed Limit E
T —— Expected Limit i
x 10= . 3
E E D Expected= 10 E
X Expected+ 20 —
o 1= Theory Heavy-flavor RPV |
o " "
E
=
o0 5
°\° -y
0
& L

107 = E

oo b b e e NN ]
200 400 600 800 1000 1200 1400

Triplet Invariant Mass [GeV]
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Events / GeV

Di-lepton resonances EX0-12-061

» New heavy gauge bosons — narrow ee,up resonances in the TeV region

106 T T T T T T | > 106 T T T T T T T | % T T ‘ T T T | T T T ‘ T T T
1o CMS Preliminary, 8 TeV, 20.6 fb" 3 10 CMS Preliminary, 8 TeV, 19.6 & 0 " CMS Preliminary, 8 TeV., 19.6 o
4 —— DATA ~ —— DATA i —— DATA
; + a2 4 ; + =
103 vz £ 10 ] vizee § W& W, WW, WZ, 2Z 10
10 I, tw, Ww, WZ, 2,10 o 10° I, tw, Ww, Wz, 22,7 i 10 [ Juu, ee, Weiets, jets (data)
| jets (data) [ jsts (data)
102 o 102

1
10

1
10"
102 | q 107
10°

10"

10°,

L1 | I I | A0 | I L [ N B R ! T R R R B B
70 100 200 300 400 1000 2000 '0"70 100 200 300 400 1000 2000 200 400 600 800 1000 1200
m(uw) [GeV] m(ee) [GeV] m(e"u") [GeV]

— Upper limit on the ratio of Z’ (or G , or ...) to SM Z production

95% CL mass limits:
Z’ SSM Z’ Psi
2.96 TeV 2.60 TeV
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Di-lepton resonances EX0-12-061

» New heavy gauge bosons — narrow ee,up resonances in the TeV region

CMS, || St recorsedSun i 22 06 0246 2012 T4 _, CMS Preliminary 8 TeV, ee (19.6 o), ' (20.6 o)
_\ \ §§ Lumi section: 553 b E T | T T T T ‘ | T T T | T T T T | T T T T | T T T T ‘ T T T E
- \\\ \ N W e median expected -
[ | = 68% expected =
i 95% expected ]
5 ]
107 E Zsom 3
pt = 897.88 Z'Lp _
/ o= 1,066 i —e— 95% CL limit i

Muo_n 1, . i 4 -6
eq;soéggss 10 = 3
M =1.82TeV 107 = - -
2700 = =
C oo b b b b N sy T
500 1000 1500 2000 2500 3000 3500

m(il) [GeV]

95% CL mass limits:
Z’ SSM Z’ Psi
2.96 TeV 2.60 TeV
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. . . EX0-12-027/031
Large extra dimensions (ADD) in ee, up

-

» Virtual graviton production modifies
Drell-Yan spectrum

» Signalregion: M >1.8 TeV

Events/ 1 GeV

q
Crl"qsl 2|0|12| Fl'rellilrn:n‘larly T [lel= ?0;8 flh_'l l?=lﬁrev 107 CMS 2012 Preliminary [L di= 19'6ﬂ]—1 E: &TeV CMS Preliminary
} T T T I T T T T | T T T T I T T T T | T T T T = : | | ‘ | ‘ |
4 DY — un () = - ——— CMS ee+un(8TeV,20fh)
10 - . o 510° —— Data E 6 e Atlas ::+“.L.+~g~,vs(}7TeV,5.0fb"}—_
3 op + DIposon 54 N5 s C = = CMS ee+up+yy(7TeV,2.0fb™ J
10 - P %1 0 - Zh ee Eq’ C CcMS ;,e(TTLerSsz;‘) ]
102 data L%H 0* - # and Diboson S 5; i DO ee+yy(1.96TeV, 1.05f) *:
10 —— ADD A,=3.6 TeV 10° I Jets(data) £ 4=
10 — ADD, A;=3.6 TeV 3
1 10 3"
10 1 r
10-2 10:1 27
107
a 1
10 10
10* 10 0
500 1000 1500 2000 2500 500 1000 1500 2000 2500
M. [GeV] M., [GeV]
Ms (ADD) at LO Lumi. 6=3 6=3 6=6 6=6
95% CL limits [fb] EXp. Obs. Exp. Obs.
CMS dimuon 20.6 4.34 4.33 3.07 3.06 3.64
CMS dielectron 19.6 4.62 4.64 3.27 3.28 3.90
Combined: 20.6+19.6 4.76 4.77 S 3.37 4.01
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Large extra dimensions (ADD) in ee, up

EX0-12-027/031

t_:MS Preliminary )
% E —— CMS ee+uu(8TeV,20fb™) E » UV cut-off paramEter Ms’ not
= o6 0 e Atlas ee-+up+yy(7TeV,5.0fb ) ]
> | — = CMS ee+uu+yy(7TeV,2.0fb7) directly comparable to
- s CMS yy(7TeV,34pb ™) -
= 50 e DO o 3 56TV 10515 fundamental Planck scale M _
E 45 T — - P Complementary to mono-jets and
— B : A ‘_I_I__
3:_ R K = mono-photons
Dfirmmem :Ef::l"."'.li... 1 P Large part of interesting parameter
B L ,1 S~ space excluded
1 -
O: | I I | | | :
2 3 4 5 6 7
Nep
Ms (ADD) at LO Lumi. 5=3 5=3 5=6 5=6 At (GRW)
95% CL limits [fb] EXp. Obs. Exp. Obs. [TeV]
CMS dimuon 20.6 4.34 4.33 3.07 3.06 3.64
CMS dielectron 19.6 4.62 4.64 3.27 3.28 3.90
Combined: 20.6+19.6 4.76 4.77 3.37 3.37 4.01
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Single lepton + MET (ev, pv) EX0-12-060

» Many models, e.q.:

¢ sequential SM with and w/o interference, no
decays to WZ W’

¢ Universal extra dimensions v\ /\N

¢ Four fermion contact interactions

» Inevents with isolated e or u plus MET,
use binned likelihood in M.

Mr = /2. p§ - Eiss - (1 — cos Agy,)

% 10 —— SMW

0] —— SSMS W'

< ——— SSMO W'

:é‘ e~ ——— SSM W' (no interference)
> 10F ' ' T W+HNCA=4TeV = F SSM W' simulation 1§ = 8 TeV
O] - —— W +HNCA=T7TeV Emﬂ_ ”‘-.,_\ M,,- = 2400 GeV
o —— W +HNCA=9TeV B107': iy

o = i
E 10 E —— W only - %m ar
2] - 3 N
3] i i 102k i
o 'E 5 = N
L = = C n

- _ L 1
1D_1 :_ ‘lj_f .10—3 5 h --'.I "l
: CMS Simu'ation B | . 1 1 1 1 | 1 1 1 1 1 1 1 \;‘1:\1- | %
10% = e e 50 [ 500 10500 1000 1500 2000 2500 3000
M; [Ge M, [GeV]
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Single lepton + MET (ev, uv) EX0-12-060

, CMS Preliminary JLdt=20" {s=gTev CMS Preliminary [Lat=20f" y{s=8Tev
>1 U EEI [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ _g > ? EI [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ I;
8106;__ W' ev M=2500 Gm"I"'“'LMHI IQCD _; 8:]];5? — W' v M=2500 GeV IW—ruv IQCD ?
E o W' s ev M=500 GeV 3 E E
- 50 ff + single t W= 1w ] = = +sinale to v -
~10 ? I ? GPD ? E“IUf’ E —— W' uv M=500 GeV ItT glet pr E
E*]o“ IT+jeﬁ IDY-:ree E Emzt;g IDY—>uu Im,_ﬂé
51 0’ : DY >t Diboson =103E g
> 5 ’1. |.|J1 0 : IDiboson - data 3
1 0 10 I=.1 syst uncer.
1 1
107! 107 TEE e
10—2 .10_2 ;;;;;;
1 0—3 r T o .1 0—3 || T e —
500 1000 1500 2000 2500 500 1000 1500 2000 2500

M, [GeV] M; [GeV]
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Single lepton + MET (ev, pv)

» Limitsin SSM:

¢ M > 3.35TeV (no interference)

¢ M>3.10TeV/ 3.60 TeV (destr. / constr.)

» At high masses, W' mostly off-peak

» Limits on HNC CI:
¢ A>13.0TeV(e)/10.9TeV (n)

EXO-12-060

CMS preliminary, 20 fb‘1, 2012, Vs =8TeV
e} =il Observed 95% CL limit
b, A w Observed 95% CL limit W' — ev
Bk — — — Observed 95% CL limit W' — pv
m 104 it mmmmmmn Expected 95% CL limit
> = | IIm3 Expected 95% CL limit+1c
o) C 1 [ 1 Expected 95% CL limit+20c
= | wnmnmnes SSM W' NNLO
103 L [ ] PDF uncertainty
E Ly | s W, With u = 10 TeV NNLO
- mrmimme W, With 1 = 0.05 TeV NNLO
1L ' e+ EN'TS, pa TS

10

Arnd Meyer (RWTH Aachen)

Model Channel Observed limit | Expected limit
SSM e my < 3.20TeV | myr < 3.25TeV
SSM 7 myy < 3.15TeV | myy < 3.10TeV
SSM combined myy < 3.35TeV | myy < 3.40TeV

SSMO ¢ my < 3.60TeV | myr < 3.60TeV

SSMO 7 my < 3.05TeV | my < 3.30TeV

SSMO combined myy < 3.60TeV | myy < 3.60TeV
SSMS ¢ myy < 3.00TeV | myy < 3.10TeV
SSMS 7 myy < 2.80TeV | my < 2.90TeV
SSMS combined myy < 3.10TeV | myy < 3.20TeV
Wik p=0.05TeV, combined | my, < 1.7TeV | my, < 1.7TeV
'\’\%K 1#=10.0TeV, combined My < 3.7TeV My < 3.6TeV

HNC CI e A < 13.0 TeV A <133 TeV
HNC CI 7 A <109 TeV A <122 TeV

October 11, 2013
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{,f”------- ... L channel
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Single lepton + MET (ev, pv) EX0-13-004

» Dark matter production: W recoiling against pair-produced dark matter
» Reinterpretation of leptonic W' search
» Consider vector and axial-vector like couplings
» Possible interference effects
» First limits on “monolepton” DM
CMS Preliminary u+E™ [Ldt=201b" s=8Tev 100 EMS prellmlnary 2012 20 fb1 \E 8TeV CMS Preliminary 2012 20 fb‘ @ 8TeV _
%106 = 300 GeV A =200 GeV ll‘” v .“ single top 5 i Observed limit CMS monojet 2012 1 S qgas| Expected lmitfor &=1 g it g endent
(51 0 Spin |nd?)Pn:ndim1 - - Expected limit Xenon 1002012 = o | Expected limit for E=0 P P
— _ - z:: DDY IGCD Expected = 10 COUPP2012 o ~— |- Expected Ii.mi.t for E=+1
\103 o E:o Expocted = 2 SIMPLE 2012 36| —— Observed I!m!t for Ei-1
i iy minsol STz i
oo cion Fmson 5 31 COMSI2010 i :
y:
107 ENEEEEE
1028
10° SRS S
10
10°

500 1000 1500 2000 2500
M; (GeV)
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W —tb

» Searchesin W' — quark final states important to complement
leptonic searches, in case decays into leptons are suppressed

¢
4

Arnd Meyer (RWTH Aachen)

Also, can reconstruct mass (modulo ambiguities)
Enhanced couplings to 3™ generation possible (and easier!) |~ = 0

Signature is a high p_isolated lepton, large MET,

and 2 b-jets (one b-tag required)

B2G-12-010

Exclude M(W') < 2.03 TeV at 95% CL for W_and W, w/o interference

Limits for arbitrary combinations of LH or RH couplings

CMS Preliminary, 19.6 fb' at s = 8 TeV

e+jets N =1 0 tf + single-Top

b tags O Wb + 21T + WV
- W20, m=18 Tev
== Wy x 20, m=20 TeV
===W,x20 m=25 TeV
== W %20, m=3.0 TeV

FEEE] Uncertainty

Events / 50 GeV
=

a(Data-MC)

M(tb) [GeV]

October 11, 2013

Events / 50 GeV

a(Data-MC)

CMS Preliminary, 19.6 fb"' at Vs = 8 TeV

].H'Pls N =1 Dﬁ%s‘.lngla.-fopr

b tags Wb + 201" T = WY
-ees W x 20, m=18 TeV
== W, x 20, m=2.0 TeV
=== W, x20 m=25 TeV
oo W, x 20, m=30 TeV

BS54 Uncertainty

M(tb) [GeV]
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LQ2 (uv+jj, Hp+j) EX0-12-042

Carrying both lepton and baryon numbers, coupling to lepton-quark pair

Fractional charge, three generations

» Here: pair production of scalar LQ, coupling
to one generation only

Parameters: LQ mass, BF to lq (B)

Optimize cuts for each hypothetical M(LQ)
o S5 Muw), M (uw) 5 M(ujet)
¢ S =scalarp_sumofyu,u (v), i1, j2

CMS Preliminary \'s=8TeV, 19.6 fb” CMS Preliminary \s=8TeV, 196 fb’
B = Data . - —— Data
102 & = 7)Y +jets 107 it W + jets
i = tt+jets - ——— tT+jets
- B === Other Background c 102 = Other Background
L 10 {iiili Unc. (stat + syst) o = pEE Unc. (stat + syst)
& = —— LQ, M = 900 GeV @ - E LQ, M = 500 GeV
5 g 105
= > E
L 1 LU -
E 1
10 . | . 107 _ . ;
E HEHER E T . |
200 400 00 1000 1200 1200 1600 1800 200¢ 200 400 600 800 1000 1200 140 1500 1800 2000
" Moy, 1et) [GeV] M [GeV]
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LQ2 (uv+ij, up+ij) EX0-12-042

’ CMS Preliminary \s =8 TeV 19.6 fo'!

@_ T T | I ]
- 09 E

. 0.8 E
LQ | -

g 0.7 B

. (_ 065 E
LO ! ]

0.5E E

| 0.4E 95% CL limits ;

w CMS ppjj + pvjj (Obs.) |

03 vun CMS ppjj + pvjj (Exp.)

— CMS pvjj (Obs.) .

0. --- CMS pvij (Exp.) -

L — CMS ppjj (Ohs.) 7]

--- CMS pjj (Exp.) 1

0.1= [LJATLAS, 7 TeV, 1.03 fio|

EJems, 7 TeV, 500" |

0 | T .

400 600 800 1000 1200
M, (GeV)

M > 1070 (785) GeV
for B(LQ—pq) =1 (0.5)
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: " : B2G-12-006
' —tt —e/ u + jets B2G-13-001

= 1 lept()n + MET + >=2 iets lepton neutrino
» Oor1b-tag

» Define %’ for top hypotheses b

¢ Separately optimized for low mass (M& <~ 1TeV, non-

o Jet
boosted) and high mass (boosted) regime =
M CMS Experiment at LHC, CERN
€ Data recorded: Fri, Oct 28 01:18:40 2011 CEST
Run/Event: 180093 / 359418927
i, Lumi section: 220 ’
I or
: : y ragged \etllc g,
CMS, 19.7 fb™, \s = 8 TeV CMS, 19.7 fb", \s = 8 TeV %T,m Ge 750,00 Gey, "
P T T T R N AR R R -0.02
10t e+uN . =0 + Data 3 10°F e4p N =1 ¢+ Data E o
i b-tag B ] F b-tag TG ] hadronically decaying
W others Wothers - top quark candidate:

m=183 GeV/c?

—Z'2TeV | pr=578 GeV/c

—Z'2TeV :

Events / 100 GeV
3,
T
|
Events / 100 GeV
3,
T

leptonically decaying
top quark candidate:

Emi, m=202 GeV/c?
] r ] =5 p+=567 GeV/c
10" 107 = s Cig
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500 sl E\tac’cro'nGe\”C
(a) M, [GeV] (b) M, [GeV] %Tj_;zg
b~ta
299ed Jet
[?1§ 230 GEV/C - 2
=15 Mg = 1.77 TeV/c
Arnd Meyer (RWTH Aachen) October 11, 2013
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7' —tt —e/u +jets

» Topcolor Z' limits with 95% CL:
¢ Narrow: M(Z') >2.1TeV
¢ Wide: M(Z')>2.7TeV

» Randall-Sundrum model:
¢ M(KK gluon) > 2.5 TeV

CMS,L=19.6fb", s =8 TeV KK Gluon

-g - - Expected (95% CL)
m % ----- Observed (95% CL)
> . - — = KK Gluon
bBi‘ 10 E ~ I |:| Expected + 1 s.d.
- r
E C \r‘\..\\ [ Expected+2s.a.
3 1=
. -
o E
g il
= 10 3

1 0—2 T R R

Arnd Meyer (RWTH Aachen)

B2G-12-006
B2G-13-001

—

CMS,L=19.6fb", (s=8 TeV Z' with 1.2% Decay Width

'g_ 102 - Expected (95% CL)
o ? ----- Observed (95% CL)
"N 10 - \\ — = 7' 1.2% width
E ; ~ I |:| Expectedx 1 s.d.
I= - b I\ [] Expected+ 2 s.d.
r 1
o -
& 10—1 __
=1
- I S
2 T
10 ':I' | 1 1 1 1 II 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |)~\..I 1 1 1
0.5 1 1.5 2 2.5 3
M, [TeV]
CMS,L=19.6 fb‘1, s =8 TeV Z' with 109% Decay Width
'g_ 102 - \ = Expected (95% CL)
(11] % \\ ----- Observed (95% CL)
’f B N == 7' 10.0% width
- E ~ I:l Expected £ 1 s5.d.
e - I ™~ - Expected+ 2 s.d.
= 15
- =
m f—
g 1oL |
—: T ——
oL | <
10 ':r | | 1 | 1 |I 1 1 1 1 | | 1 | | | 1 | 1 1 | 1 1 1 | | 1
0.5 1 1.5 2 2.5 3
M, [TeV]

October 11, 2013



' " . B2G-12-005
Z' —tt all hadronic B2G-13-001

» Boosted top- and W-tagging

» Topcolor Z' limits with 95% CL:

¢ Narrow: M(Z') >1.7 TeV
¢ Wide: M(2')>2.35TeV Combination

» Randall-Sundrum model:

0 CMS, 19.7 fb (s =8 TeV
o =
¢ M(KK gluon) > 1.8 TeV = S — Expected (95% CL)
i 10 B \\ . —— Observed (95% CL)
\ CMS, 19.7 fb', \s = 8 TeV I: - \\ ; — = 7' 1.2% width
> 107 ~ B :
3 [ all-hadronic + Data @ 15_ ?\ -ib Expected
© 10°L  eee L i XN - | ] #20 Expected
S EJS . NTMJ o [
-~ i . . ] c -1 -
2 ol . Z' 2 TeV ] 5 10 :
[ o F B — :
2 E b
W 1ot . w107 e
g 3 Q = ~
é 2 | N
1 = i = : 10'3 | | | | | | | | | | | | | | | | | | | | | | | | | Iﬁ |
- AN \ . 0.5 1 1.5 2 2.5 3
10—1 i ‘ §_§ ] MZ' [TEV]

3000 3500
© M, [GeV]
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Vector-like T' —tZ/tH/bW

B2G-12-015

» Combined information from single lepton, SS and OS di-lepton, tri-lepton

» Binby W-tags, N(jets), N(b-jets), H , MET, lepton p_, 3"/ 4™ jet p_

+ OStargeting tZtZ: on-Z, >=5 jets, >=2 b-jets, H_> 500 GeV, S_> 1000 GeV

+ OStargeting bWbW: off-Z, 2-3 jets, H_> 300 GeV, S_> 900 GeV

¢ SStargeting tZ or tH: >=3 jets, H_> 500 GeV, S_> 700 GeV, lepton flavor categs.

¢+ Tri-lepton targeting tZ or tH: >=3 jets, H_> 500 GeV, S_> 700 GeV, lepton flavor

categories
. CMS preliminary  Vs=8 TeV 19.6 fb! CMS preliminary {s=8TeV 19.6fb" SS dileptons
Z10°F
P: . . * data 5103 ¢ data
2 10°F e+=3 jets/=1 W-jet [ other backgrounds - [tE+bosons
r - wn
10*E I #1902 [ multi-bosons
1o 3 [ ]uncertainty g [ |non-prompt
o >
i 1730 GeV (10D = 10 [Jumeeralnly......
2 ' y *— T T (800 GeV) x 100
1 et
; b
10" i
— 2 E Il ' ; I \
=
1
ol
-1
-2 1 1 1 i 1 1 1 ‘1 I I | i 1 | | i Il I | i 1 1 1 i 1
200 400 600 800 1000 1200 1400
BDT Discriminant S; [GeV]
Arnd Meyer (RWTH Aachen) October 11, 2013
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Vector-like T' —tZ/tH/bW B2G-12-015

» Combine all channels to get limits

» As function of branching fractions, exclude masses between 687 and 782 GeV

CMS preliminary Vs=8TeV 19.6 fb" CMS preliminary /s=8TeV 19.6 fb"

BR(bW) BR(bW)
1

1

800

750

=700

—{700

—650 —650

—600 —600

[A9D] yury ssejy yren() I, pajoddxy
[A29D] yrury ssey yaen) I, PAAISqQ

1 1 1 0 ’/1
BR(tZ) BR(tH) BR(tZ) BR(tH)
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Vector-like b' —tW/bH/bZ (lepton+jets) B2G-12-019 g

' e

One electron/muon, MET, >=4 jets including 1 with b-tag
Classify events based on “V-tags” = number of jets consistent with boosted W,

Z, or H boson

Search for excessin S_=scalar sum of jet p_, lepton p_, MET

¢ Fit to background and signal templates in different categories

CMS Preliminary,\s = 8 TeV, u + jets

- Data 19.8 fb”'
@ ti+jets

B W+ets
[C1Z+jets
[ISingle t
CItvV+jets

[ Diboson

[ QcD

=t b'b 750 GeV

Events / Bin
=)
[]

10

Data / Bkg

L1l L1l Ll Il
600 800 1000 1200 1400 1600 1800 2000 2200 2400

S;, 0 V-tag (GeV )

Arnd Meyer (RWTH Aachen)

CMS Preliminary,\s = 8 TeV, u + jets

Events / Bin

10

Data / Bkg

- Data 19.8 fb™
[ ti+jets

Bl W+jets
[C1Z+jets

[ Single t
CItVV+ets

[ Diboson

[ QCD

** bb 750 GeV

October 11, 2013
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600 800 1000 1200 1400 1600 1800 2000 2200 2400
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CMS Preliminary,\s = 8 TeV, u + jets
102E

In

-+ Data 19.8 fb”'
@ ti+jets

B W+jets

[ Z+jets

[ Single t
[CItvV+jets

Events /B

[ Diboson
[ QCD
" b'B 750 GeV

10

Data / Bkg

| L1l | L1 | Ll | L1l L1l | L1l | Ll | L1 | | | |
-
600 800 1000 1200 1400 1600 1800 2000 2200 2400

S;, 2 V-tag (GeV )
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Vector-like b' —tW/bH/bZ (lepton+jets) B2G-12-019

» Asa function of b' — tW, bH, bZ branching fractions, exclude up to

M(b') < 732 GeV
» Highest sensitivity for b’ — tW

CMS Preliminary 19.8 fb™, \s =8 TeV

BR(tW)
1

~N
o O
o O

9] HwIT sse\ y4enp g paroadxy

700
-1650
-600
-1550

|
0)]
o
o

1 ; 8 1450 S
BR(b2) BR(bH)

CMS Preliminary

1
BR(bZ)
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>

Events/ 50 GeV/ c?

Pull

Vector-like b' —bZ (di-lepton + jets)

Consider decay to bZ and tW

Reconstruct resonance of e*e- and p*p pairs

compatible with Z, plus b-jet

Assuming B(b' — bZ) = 100%, exclude

M(b') < 700 GeV

... plus limits on B(b' — bZ) vs. M(b')

CMS Preliminary 2012, L = 19.6 fb™' 5= 8 TeV
I_ | T T | T T T | T T | LI | T T | L T | _I
B —e—— Data 1
103 L b' (450 GeVich _
E e b' (700 GeV/ic?) 3
— Background B
_ Py Background uncertainty (Stat. @ Syst.) ]
107 B =
N
= -
il AR R S, | PR
) - ....................... ......................................................................................................................... _;
I
2 . ....................... . ................. L T -
400 500 600 700 800 900 1000
M(eeb) (GeV/c?)
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CMS Preliminary 2012, .= 19.6 fb™!
L LI L

B2G-12-021

N5 =8 TeV

,_.
o
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—
(=]

—

T 1 T T T T [ T 7T
BR(b'— bZ) = 100%

— Observed limit

Expected limit
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Expected limit +2¢

b'd' cross section/ G(NNLO)

550

CMS Preliminary 2012, L = 19.6 fb™!

Js=8TeV
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b' (700 GeVich)

Background

Background uncertainty (Stat. @ Syst.)

rf%'n Lol

3

ﬁ

-

200900 1000
M(uub) (GeV/c?)

October 11, 2013

600

650

700 750 800
M(b') (GeV/c?)

Page 41



T —-tW
5/3

» Composite Higgs or models with extra dimensions
» Same-sign di-leptons (e or p)
» Allow for boosted top and W
» 5 or more constituents (top=3, W=2) in addition to
the two leptons
» H_>900GeV — data: 11 events; bgrd: 6.6 + 2.0
» Exclude M(T ,) <770 GeV at 95% CL
2 P\ e avs, | e FUTTTTTTTT s F'>'ré|'|'rh'|h'é‘r9""""§ § | CMs 'Fire'n'n'q.'n'ér'y' S b
o S SEN v I 196" at/s=8Tev | & “[ 196" at (s=8TeV W ]
| i QI 1 1of ee+elHiL =al,
102 = - i i
: s B iorge M
N ] i = T53 (600 GeV)]
: e s ] 6 I 7
/ Electron : ]
st e 10°= « Observed Limit s . B
i - - Expected Limit . - ]
AKS Jet - [ 1Expected Limit = 1o 1 i i
pr=352GeV| | Muon - I Expected Limit £ 20 il 2+ —
NS Evperimentat L, cERN Rt - — Signal Cross-Section . A i
Fl;ﬁi%{:%g?gg;?327;39?59;31:472012CDT | 10-4|\|\|\||||||||||||||\|\||||||||||||||||H||HH||| 0_ ks WO 7
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High mass di-boson resonance searches

EXO-12-025:

W' ore —> WZ — 31 + MET jeplon 1 T &",}goisltled
EX0O-12-021: ont

i epton { ................ ] boosted
Gouk — WW — | + jet + MET + MET ) Sw jet
EX0-12-022: o od

. ooste . | boosted
Gouk — ZZ — 2| + 2jets 7 { :>‘j }Z jet
EX0O-12-024:

, boosted { ' _ 1 }boosted

Grs — WW/ZZ, W — WZ W/Z &‘J Wiz
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12025
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12022
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12024
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WW /ZZ / WZ in di-jets EX0-12-024
» G_—WW,WZand W' — WZ in di-jets, with W and Z — jj

¢ Jets from W/Z decays boosted and merged into single jets

¢ Eachjet required to pass “W/Z-tagger”: pruned jet mass, N-subjettiness

CAR=0.8

> EXC llee CMS Preliminary, 19.8 fb", I's = 8TeV
L —— Observed
—_ L e Expected
o G _(k/M =0.1) > WW(ZZ)for1.0<M<1.59(1.17)TeV =T )+ 1o Expected
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>
* o -
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>< e
©
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Black holes

GO glﬁ' helden - wenn dein land dich braucht rtl ‘O] n

Web Bilder Maps Shopping Mehr = Suchoptionen Sa

“Helden” (Heroes) last week on German television (RTL)

Arnd Meyer (RWTH Aachen) October 11,2013 Page 46



Microscopic black holes EX0-12-009

© Sabine Hossenfelder

» Would decay to multiple objects: jets, leptons,
photons, ...

» Distribution of interest: scalar p_sum =S_

» For backgrounds, extrapolate shape from low q
(N=2,1.8<S_<2.8TeV) to high multiplicity

¢ Normalization from low ST, 1.9< ST <2.3TeV
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Arnd Meyer (RWTH Aachen) October 11, 2013 Page 47



Microscopic black holes EX0-12-009

o~ CMS Experiment at LHC, CERN
C MS Data recorded: Sat Aug 25 12:37:40 2012 CEST
| N Run/Event. 201671 / 277887114
7o ; Lumi section: 199

» Derive model-dependent limits, as well
as limits on excess S_for different object

multiplicities
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Jet extinction EX0-12-051

» Evenif black holes (or similar phenomena) are produced, we may miss them
(trigger, no decay to our “objects”, not yet significant, ...)

» However, above production threshold, SM processes are highly suppressed

¢ Good place to check are inclusive jets

¢ PDF and jet energy scale uncertainty are important

-
o
T

.g‘ LI T T é 8 2 2 __ _:
8 = Observed 3 ZO "E —*— Observed -
— i 7] ) 2 :_ = NLO QCD (CT10 normalized to data) —:
10° &= = o = -
.8-'_ E - Systematic Uncertainty 3 = 1.8 [ Systematic Uncertainty at 1o =
\‘3 102 _E NLO QCD (CT10 normalized to data) E_ 16 f_ === Extinction Scale M = 4 TeV _f
%ﬂ = 3 L Extinction Scale M = 3 TeV E
10 _E E_ ' E = Extinction Scale M = 2 TeV E
E CMS Preliminary E 1.2 _E
1 -
1 ] =
E [L=1071" E 0sE .., =
107 N5 =8 TeV - 06 e e, el =
F  Anti-k; jets, R=0.7 0.4 CMS Preliminary  "men E
-2 § - - — e :
10 Eﬂ‘liﬂ'ip 0oENs=8TeV <15 |L=107f" E
T “E -
1 L FI I IRI 1 I 1 1 L I 1 1 1 I 1 1 1 I L 1 1 I L 1 1 I 1 L 1 I 1 1 L I 1 L 1 I 1 L 1 I 1 1 1 I 1 1 L I 1 1 L I 1 L 1 I 1 1 1 I 1 1 1 I 1 1 L I 1 :
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» Limit on the extinction energy scale (fundamental Planck scale) M > 3.3 TeV
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Displaced jets EX0-12-038

» Massive long-lived particles decaying to displaced jets can occur in many
models: split SUSY, RPV SUSY, hidden valley models etc.

» Benchmark here is a heavy scalar: gg — H® — X°X° — qq qq

¢ Mean decay length of X%: 3... 300cm
» Search for di-jets from a common, displaced vertex

» Background suppression based on vertex track multiplicity, fraction of
tracks with positive d0, likelihood discriminant

-100 -80 -60 -40 -20 0 20 40 60 80
3 &
=2 \\ »= 2 candidate events,
s, JL TS — SR et | compatible with
; _%g_’% BIZCEN B background
= expectation
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Displaced jets EX0-12-038

» Massive long-lived particles decaying to displaced jets can occur in many
models: split SUSY, RPV SUSY, hidden valley models etc.

» Benchmark here is a heavy scalar: gg — H? — X9X° — qq qq
¢ Mean decay length of X%: 3... 300cm

» Search for di-jets from a common, displaced vertex

» Background suppression based on vertex track multiplicity, fraction of
tracks with positive d0, likelihood discriminant

— T 17T I — | |
d CMS Preliminary d 10 - CMS Preliminary J
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o 102 [ 1Exp.t2c o 1 = [ 1Exp.£2c =

103

10 102
ct [em]
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Heavy stable charged particles

» Comprehensive analysis using time-of-flight
(muon system) and/or dE/dx (tracker)

¢ Lifetime > 1 ns, mass > 100 GeV
» Make use of

¢ Track p.: inner tracker

¢ Muon1/pf: muon system
¢ Trackl : dE/dx MIP incompatibility

CMS Vs=8TeV,L=18.81b" f
— 20 | T T I T T ] T T | ] I\
E - Hl Cata (Vs = 8 TeV) .
L2 18] B MC: Q=3 400 GeV/cZ  —
% = .- [ MC: Q=1 400 GeV/c?2
= 16 - VC: Q=2/3 400 GeV/c2
— - rars Excluded -
—r - ]
1 4 __ __ o reiu s ke inpesspersed
12 - =% |HSCP becoming neutral - Tracker-only
10 =
8| =
4 1
2 o
0 S N
500 1000 ~* IHSCP neutral in tracker - Muon-only
p (GeV/c)
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Heavy stable charged particles EX0-12-026

CMS Vs=7TeV,L=50fb" Vs=8TeV,L=18.8f0"

u
.
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Outlook

» Run2from2015to02017:Vs=13-14TeV, [Ldt ~ 40 - 45 fb1/a
» Longterm HL-LHC from ~2023, [L dt ~ 300 fb-*/a, 3000 fb-! total, ~ 140 PU
» Example: vector-like T' — tZ, tH, bW (as B2G-12-015)

FTR-13-026

%10° CMS Simulation 2013, Vs = 14 TeV, 3000 fb! CMS Simulation 2013, s=14TeV, L = 3000fb’
*2 200;,'4”;";.{Ill-H'tlolpllllllllllll—i ﬁ: — 95% CL Exclusion
S 1805 T B o = ° — 30 reach
Y jeor e =2 oW E 107 50 reach
140t x2000 TT (1200 GeV) ° - —— Theory
120E- x4000 TT (1400 GeV) ] |
100E x4000 TT (1600 GeV) 107
80~ =
601 E 103 ¢
401 -
20F =
1000 2000 3000 4000 5000 6000 10"~ 500" 1200 1200 3600 1800 2000
H, [GeV] m; [GeV]
50 discovery reach up to M(T') of 1500 GeV
» ECFA workshop last week: (compared to ~700 GeV exclusion @8 TeV)

https://indico.cern.ch/conferenceDisplay.py?confld=252045
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Conclusions

» No stone left unturned in BSM searches at the LHC and CMS

» While there's an overwhelming output of results, many signatures
are not vet fully exploited

¢ New physics may still be hiding in the data already collected

¢ Important guidance from the “new boson”

» Unfortunately no compelling evidence for new physics

¢ But many results exploring new territory

» Many publications with full 2012
data set close to publication

‘Tt wot outy e
Hig9s feld {Rat
breales e
s‘gumbf;(.
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jf?\ W N

http //www.hep.physik.uni-siegen.de/~grupen

» Preparing for next runin 2015
b3

(

» This and more at /“
https://twiki.cern.ch/twiki/bin/view/CMSPublic/ \ A
PhysicsResultsEXO and PhysicsResultsB2G
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Summary
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