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=i2f The Truth is out there:

We think that

thereis

something

beyond the

Standard Model.

There are plenty -

1 WANT TO

of theories about

BSM phenomena. BELIEVE
They seem to fall

roughly into...
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SUSY Exotica

And so that brings us to my talk...
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&==8 Outline:

The CMS Detector
SUSY:

Oy

Same sign, and opposite sign lepton pairs
Exotics:

Dijets (and multijets)

Z' (including Z'>top pairs), W’ (including W()

Heavy Stable Charged Particles (HSCP)

Black Holes
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725 Stand and Deliver!

A banner year: LGS Tt Integrated uminosity 2011 (ar 14 0900 -l 29 0659 UT)
Already have the 61— mecorded .50 o [ E— E—
promised 1 fb* (and '

more) delivered!

CMS Integrated Luminosity/Day 2011 (Mar 14 09:00 - Jul 29 06:59 UTC)
I T T

L fb~!
=
(4}

T
— Delivered Max 60.34 pb™'

IE' 60 || — Recorded Max 59.38 pb~' [ ... ... ............... ................ 4
71 ) S SRR UPRRRE SURUPRRRRPOR SRR RN | B SPORRPRRR
P71 PUURRUUUUSRRUIE SURUURPRRUUPPR SURpPRRRRunY |01 (X (I | NSNS
30 e ----------------- -------
aof ol
e kR
0 n ; ;
14103 10/04 07105 0808 o107 20107
Date

| will review analyses which have (mainly) used the much larger 2011

dataset.
Used here: 0.2 —1.09 fb™?
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M Pixels
B Tracker

B ECAL

B HCAL
B MIUON Dets.

CirinmAarcrAN — 1~+11
Superconducting

| J

Solenoid

Total weight: 12500 t

Overall diameter: 15 m
Overall length: 21.6 m
Magnetic field : 4 Tesla

http://cms.cern.ch

In case you ever want to build your own.
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2§ CMS Experiment (2):

Crystal ECAL Solenoid Return yoke for field

| | |
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=5 CMS Experiment: Electrons

Crystal ECAL Solenoid Return yoke for field

| 1 |
Oom im 2m
Key:
Muon
Electron
Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g.Neutro
..... A

‘ Electromagnetic %
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Hadron Superconducting | ﬁ:_ﬂ ‘:

Calorimeter Solenoid g

I turn yoke i | :
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through CMS 5 f . | . ] ] Ua
200 m~ Or slicon Scintillator Muon
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7/29/11 Andrew Askew 10



(\’l(; E [ [ [ [ T T I | [ [ [ [ L | E
Sl Y, Yazas) -
O F -
B — —]
c10° =
()] — _
Lﬁ : _
10° = E
10 & .
— CMS Preliminary 2010 -
1 & V=7 TeV, L_=35 pb" }”ﬂ -
: | | | | | I I | I | | | | | I I | I ”mﬂ_ﬂﬁ

1 10

1
e*e mass (GeV/c?)

7/29/11 Andrew Askew 11




HEZ
ElES
A=

ares)
4
185’

Compact Muon Solenoid
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CMS Preliminary

7/29/11

As mentioned,
optimizing the
information from the
detector as a whole
can pay significant
dividends.

Andrew A

Jet Response
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| A Particle-Flow Jets
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@=t=5 Particle Flow 101:

Use the detector’s best

g "%
estimate of the particle = w0
energy:

Ex. :Charged pion “
—> Tracker tracks -
Ex.: Neutral pion/ N

photon: ECAL R T

. X [cm]
Accounting for each
\\particle” |nC|IVIdua||y Taasf Touf
gives a much more S o | e ro
accurate estimate for b P = R
the visible energy and = L B o

. . B ﬁ" . > ;s.

thUS the mISSIng ET' 2705_35"6‘7“'0'%5"6'5'555"6‘5"65'5“'{'“fbs 2705_3'5“6'7”617'5"6'3“'6:';5“6'6"dé's"'%“&'(')s

7/29/11 Andrew Askew 15



4/22[10 Andrew Askew 16



Hadronic SUSY Search:

It's a lovely little
simple theory Example diagram
really.
If you've
conserved R-
parity, one thing
that you can -
bank on is:

Lots of hadronic

activity

Missing E;

7/29/11 Andrew Askew 17
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o.r defined to limit
contributions from
mismeasured
multijet events.

In principle only
those events with
true missing E;
should be at large
values of a.

_Pr,j2

(XT MT }

M= \""ysz,jl pT,jZ( 1—cos(Ap))

o=l pT,jZ/pT,jI
T 2(1—cosA o)
In QCD: a_ = 0.5 since P is by definition

the lower momentum jet.
Exception: A third jet is completely lost.

Andrew Askew 18




_ Pr,j2 /

CMS Preliminary 2011 (LT M ’
e S T
S I , .
E""? f“’““qu"]g:”e" MT:\'QPT,H pT,jz(l_COS(A‘D))
] C e Data
> SN Standard Mode
o T o |
C —it, W, Z + Jets B ;l pT,jZ/pT,jl
1025— —)uT— ln -
: \ 2(1—cosA o)
10_ In QCD: a_ = 0.5 since P is by definition
1 the lower momentum jet.
- Exception: A third jet is completely lost.
107

o TTTT

Also take SM EWK backgrounds from
the data as much as possible.

7/29/11 Andrew Askew 19
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CMS preliminary

=1.1fb" \s=7

op |Ldt
T

— Igs"olc |_I L'nl|t I I I I I I I I
o C.L. Limits: —
%) L Observed Limit (NLO), CL_ Bl COF £, 7, tanp=5, u<0|
5 = Observed Limit (NLO), PL DO 2,3, tanp=3,u<0
L simisis Median Expected Limit + 15, PL [ LEP2 ¥ .
-Q e we - Observed Limit (NLO), FC, 35pb™” 1 Ler2 7;
~ 600 — SAEF 50) Ge
E - !,\ —
Q -

400

200

TeV

O, ———

i{/""f‘ ' - ':c?'{‘s.éé )'deﬁ.f

‘ 1 |\ [ T R T T TR TR T TR N T T B i
0 500 1000 1500 2000

Rules out a lot of landscape.

Andrew Askew

m, (GeV)
New limits using a.;>0.55 in bins of H-.
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| Same Sign, and opposite sign lepton pairs:

Events with leptons with the same sign are rare
in the SM, but easily allowed in SUSY scenarios.

Events with opposite sign le
in the SM, but can still shed
SUSY mass spectrum.

1./‘1

7/29/11 Andrew Askew

otons are not as rare
ight on the potential

21



&= Same Sign:

Two leptons (u(5),e(20),t
(15)), two jets E;>40 GeV: ”

’ A
_ . q
Split into three categories: W\"ﬂ

Inclusive(ee,en, uu): two
leptons + H;>200 GeV

High p; Leptons (ee, eu, uw):
one lepton above 20, one
above 10, and H{>80 GeV

Taus (T, Te, Tu), Hy > 350
GeV, missing E; >80 GeV

7/29/11 Andrew Askew 22



No significant

excess

observed:
Charge mis-id
backgrounds
small.

SM processes
with same sign
small, mainly
fake leptons
from QCD.

CMS preliminary L_=0.98 fb™,\s=7 TeV

e Data g [ e Data ]
[ bkg prompt-fake 9100 [ I bkg prompt-fake ]
[ bkg fake fake @ [ [ bkofakefake .
[ bkg SS prompt-prompt 80 C [ bkg SS prompt-prompt T
[ bkg OS prompt-prompt I (I bkg OS prompt-prompt .

60}
aof-
20;' N\
0 L ]
ee Hu eu Total ee MU eu Total

CMS preliminary L_=0.98 fb",\Vs=7 TeV

[[] bkg fake-fake
[ bkg SS prompt-prompt
[ bkg OS prompt-prompt

Andrew Askew 23
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Previous result is

shown as the blue line.

Considerable
improvement in both
sets independently.

Andrew Askew

CMS Prellmlnary L. =0. 98 fb 's=7 TeV

) 800 T T T | T ‘ |
% | $-LSP _— NLO Observed lelt |:| LEP2 X 4
o B e ! NLO Expected Limit
~ NLO Observed Limit (2010, L =35 pb° ) |:| LEP2 T
~ L % ,
£ 600 TH250cey —
L tanp = 10, A0=O, sign(un) >0 7 (1250)Gev
i 9(1000) ey ]
i % (1000)Gev |
400 —
- 9(500)69[,
200 ’“/\ S :
| PR S (R S
200 400 600 800 1000
m, (GeV
H|gh pTIeptons o (GeV)
CMS Prellmmary L =0.98fb" \F 7 TeV
— 800 T ] I | T
% % =LSP ——— NLO Observed lelt (lnclus:ve Ieptons) |:| LEP2 X1 |
CJ L 3« AAAAA ¢ NLO Expected Limit (inclusive leptons)
~ NLO Observed Limit (2010, L =35 pb° ) |:| LEP2 T
Qq - ~
£ 600 #1220)cey —
L tanf =10, A =0, sign(u) >0 7(1250)Gev
i a( 1000, Gey |
B Z(1000)Gev |
400 —
__ 9(500)Gey
200 ’“/\ ~ e
I 1 1 | 1 1 1 I 1 1 1
0 200 400 600 800 1000
m, (GeV
Inclusive Ieptons o (GeV)
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18 Opposite Sign:

Similar to a top
selection:

7/29/11

Two opposite
sign leptons
(e,u) (veto on
76-106 GeV in
mass)

Two jets p; > 30
GeV

:IIlllllllllllIIIIIIIIIIIIIIII
- CMS Preliminary

- NS =7TeVI,1Ldt=0.98 b
10° - Events with eejuy/en

0 50

EM== (GeV)

_IIIIIIlllllllllllllllllllllll

- CMS Preliminary

so0R V8 =7 TeVI,ILdt =0.98 fb"
- Events with eejuy/en

50 100 150 200 250 30(
m(ll) (GeV)

Andrew Askew

100 150 200 250 30(

CMS Preliminary
Ns=7 TerJLdt =0.98 fb™
Events with ee/up/ep

0 100200300400500600 700800900100

H_ (GeV)

T I LI I I
CMS Preliminary ]
6005 =7 TeVIJLdt =0.98 fb* .

Events wit
500

400
300
200

100

% 50

100 150 200
p;(Il) (GeV)

llllllll [rrrrrrrorg]

eefuy/en

250  30(
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-

Fit shape in lower £< + =
H; control region & ol
to get f‘; \
expectation for ° +
top_ Go"""'s'o""ibé"iéb"ééé'r'n'és[(ée\:;]oo
Then repeat in ST
high H; region Sy
including mass TR, S
edge hypothesis. /1
Olllllu k]
0 50 100 150 200 m'QFE(C); o \(}}]00

7/29/11 Andrew Askew

Entries / 10.0

Entries / 10.0

50

40

30f
20f

10

----

CMS preliminary
{8=7TeV, 0.98 fb* -

m, [GeV]
- Data
MU IS USRS
141 — ow-thape
E [ Uncertainty
12—_ CMS preliminary -
L Ye=7TeV, 098 fb"
10_— e —
8:— - —:
6 e s
ar i .
old $ia.L -
' el 11
00 50 100 150 200 250 300

m, [GeV]
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Use the fit allowing
for a sharp mass

edge hypothesis to
setalimitasa

function of the cut

mass.
LM1 SUSY pointis
in red on plot.

7/29/11

80 X1 0-3 —8— CLs abserved limit

il

70

CMS preliminary
{s=7 TeV, 0.98 fb"

G % A [pb] 95% CL UL

Lo e berea b b

-
e
‘-‘ -
- -
-
g -~
-
- hA DY wmarm—,
.~
-,
-
-
-
-
LT
Semmmn B

lllllllllllllllllllllllllllll-
00 50 100 150 200 250 300
m,: [GeV
Andrew Askew
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=B All on one slide:

All three results |

just showed in )
the same S
exclusion plane. ¢

7/29/11

0 CMS Preliminary

\s =7 TeV, det_1 fo!

B T T T | T T T | T |

- & —2011Limits - CDF 3,7, tanp=5, M<0_
600_— " ---2010 Limits Y PO 7,7, tanp=3, u<0 7]

C tanp =10, A =0, u>0 E LEP2 ¥ ]

- [ JLeP2 T ]
500_— —
400— - -

- SS Dilepton s ooneer
300 . {
”00 __“ (500, GG‘V:, OS Dilepton —

__ o Vi eee- T el 2(500)Gev ]

1 | 1 1 1 | 1 1 1 1 1 |
0 200 400 600 800 1000
m, (GeV/c?)
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=) Dijet Mass:

Traditionally, one
goes and looks for

new heavy e | M e e
resonances in
dijets. 1= 1414 Tev
A laundry list of ‘
different BSM AT
phenomenawould Go@f&-2 U UEERL
show d IJ et Jet 2 pr='1.389 Tev
resonances: $
Z' W', scalar
diquarks, excited Wide
quarks, RS AR<11
gravitons, the list
goes on.

Combine jets which have split due to
radiation into "Wide" jets.

7/29/11 Andrew Askew 30




=) Dijet Mass:

] . b J_ 1 1 1 1 l 1 1 1 1 l I 1 1 I|_] 1 1 1 1 I I l_
Traditionally, one = 0251 cwe simulaton -
goes and looks for _8 i Quark-Quark (Wide Jeb i
neW heavy 9 0.2__ — —  Quark-Gluon (Wide Jeb) — ;
reSOnances |n N : =======a Gluon-Gluon (Wide Jet) :
dUEtS. i _”-GMMMMMM%mﬂﬂ': | |

: 0.15|- : -

A laundry list of - ide ] ]

. - I H N —

different BSM - AR<11 " L i

phenomena would 0.1  My=2.0ToV 5 —

show dijet — L .

- Inl<2.5,IAnl<1.3 .

resonances: 0.05 . : ]

’ SR - I -

Z' W', scalar I JRR, . i

diquarks, excited e 1 LB ]
quarks, RS _ 80 1000 1500 2000 2500

gravitons, the list Dijet Mass (GeV)

oes on.
9 Dijet mass resolution for CMS for 2 TeV

resonance decay to different partons.
7/29/11 Andrew Askew 31
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We fit an ansatz
to the dijet mass
distribution.

No deviation
from a smoothly
falling
distribution is
observed, ?/dof
= 27.5/28

< o= | l I I I .
% = —e— CMS (1.0 fb™ 3
O, u — it =
2 FN 0 QCD Pythia + CMS Simulation =
E - JES Uncertainty -
o 10'g SU8TeV) _._. Excited Quark =
_8 = -0 - — - String Resonance =
102 =
E \ S (2.6 TeV) =
- q* (1.5 TeV) - -
10° = ' - =
10% - T 23T E
= (S=7TeV q e =
10° [ mi<25,1an1<1.3 _
= Wide Jets E
8 3 3 =
C 1
S of
= 1E -
S 2E , , , . . , 3
%) 1000 1500 2000 2500 3000 3500 4000

Dijet Mass (GeV)

do  P(1 —m/\/g)p1
dm o (;;1/\/§)p2+P3 In(m/\/s)

Andrew Askew 32
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We fit an ansatz
to the dijet mass
distribution.

No deviation
from a smoothly
falling
distribution is
observed, ?/dof
= 27.5/28

== Check the smoothness...

:0: 2 FrrprorrT I 1T 17T 17T 17T I T 1771 17T 17T I T T ]
L - .
1.8 —
-Oc—u‘ - —
1.6 -
O — -
1.4 — q* (1.5 TeV) q* (2.3 TeV) ]
C - -+ ]
1.2F ; Jf T =
:_M * ‘;é'-;;:-'_.,_ /_ *%--: PR il EN I L _:
IE LR Y ++ H’ ]
0.8 -
n T ]
0.6 IR
- CMS (1.0 .
04 (5=7Tev 4 E
o.oF Ml <25, A0l <1.3 be ]
““L Wide Jets B
O | | 1 l | T | | | I | l | I | | | I l | I | | I. 1 1 | n
1000 1500 2000 2500 3000 3500 4000
Dijet Mass (GeV)
de Po(1 —m/+/5)P
dm (7;1 / ﬁ')P2+P3 In(m/\/s)
Andrew Askew 33




. :?; T l‘\rl\\ | l"‘I“ T | \__"-\ L -Iu-lulsltrllngl Rlelsoln;nloel |
Note different = | S igaaonscoseon
. . << 1 3 E, Diquark —
upper limits x F oy E
. Q [ “‘-" RS Graviton ]
depending on x | -
- = : |
decay. i<,
Q107 \ E
All of these A % cusaom | ;
resonances with & [ vs=7Tev VL
_ O | mi<25an<13 i
natU ral WIdthS @) 95% CL Upper Limit . S ‘
102}~ === Gluon-Gluon " X % —
small compared to © —— QuarkGluon | Nempeeay
- == Quark-Quark 1]
d ete Ctor 1 1 | 11 1 1 | | .| | | I .| [ | | | 1 .l“‘l | | O .| | l-\'
_ 1000 1500 2000 2500 3000 3500 4000
resolution. Resonance Mass (GeV)

arXiv:1107.4771 , our first 1 fb* paper!
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= 7'>di-top

If one has a very heavy
boson that decays to
top-quark pairs, then
the decay of the top
could all be boosted
iInto one “top-jet”.
Look for two
topologies, one with
two type one “top-
jets”, in opposite
hemispheres.

Andrew Askew

Type 1, one top quark
reconstructed as one big
(AR<0.8) jet.

35
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If one has a very heavy
boson that decays to
top-quark pairs, then
the decay of the top
could all be boosted
iInto one “top-jet”.

A second topology is
where one top is type 1
and a second is of this
second type (in the
opposite hemisphere).

Andrew Askew

Type 2, one top quark split
into two jets, one of which
is the two jets from the W

decay.




Check Subjet energy scale:

CMS Preliminary, 490 pb'1 at\s =7 TeV
T T T LI T I LI I T LI l T T

N(S) 20 ;_ [ [ [ I I I _;
8 18 E_ mpATA =82.75+ 2.38 GeV _E
Yo 16 = mc =82.00+ 2.22 GeV E
@ of mTop
) 12 = M Wdlets -
o 10F [JacD  J
8E e Data -
6 — Data fit -
45 --MC fit ]
2 E
0 =

0 20 40 60 80 100 120 140 160 180 200
Mass of W-Jet Candidate (GeV/cQ)

Appeal to a separate semileptonic top candidate
sample where “"W-jets” are identified, and check
the subjet mass.

7/29/11 Andrew Askew 37



7= Mass and Limits:

CMS Preliminary, 888 pb at {8 = 7 TeV
Ill'IllI]lllllIllI]lllllllll]lllllllll]llll

Top is the mass plot 8 °F - i

S 60;— [[] ocD background estimate _;

for type one, as < sf il

C 40F .

expected, far from i sof :

1 Y 205— _f

the top-pair o E

threshold (hlgh HT 01000 1500 2000 2500 3000 3500 4000 4500 5000

. . Type 1+1 tt mass (GeV/c?)
reqU|rEd)l malnly 102 & : . C]MSIPrﬁIImIIna]ry,Iaaelpb-‘atI\E?7l1'e\{ .
QCD. = I Oromes v 0 :
Bottom: Combined 08 220 ek E

Typei-1, Typei-2,
limits on various
heavy resonances.

Upper Limit 6, x BR(Z' — tt) (pb)

1 1 1 1 1 1.'~ 1 1...'|~ : il S 1 | 1 1 1
1 15 2 25
tt Invariant Mass (TeV/c?

vw
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&= More inclusively:

One can take a
different tack on

searching for hadronic ™} &@easiizo-. .= 7 |
exotic signatures. - e

BT -

800 e e

250 GeV/c? Gluino Model
20 Triplet Combinations

Look for a heavy
resonance decaying to
triplets of jets.

Boost of the three jet ST T
system makes the TR TR e e e
proper combination of

jets stand out.

—h
C,’o

M;; (GeV/c?)
2]
o
o

« All Triplets
- Selected Triplets

£y
[=]
(=]

200 10

i

00

0 200 200, 6
M;; (GeV/c?)

0

gl
o

|
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§==)) Background shape:

We fit the lower jet
multiplicity events
(which won't be
populated by our six-jet
signal) to get a shape for
the background
distribution, and then
scale that for our
candidates.

This analysis is recently
submitted, but used last
year’s data, so expect
more soon!

7/29/11

Number of Entries / 10 GeV/c?

L B B B L L N BB B
- CMS 35.1 pb™, s =7 TeV .
B = Data (= 6 Jets) 7
i — Exponential Fit Function |
10° ===+ 250 GeV/c? Gluino Model —
E ﬁ'* . Offset A = 130 GeV/c? E
B t ]
I _
10— #’ . . =
1:— ‘
b b e b e

0 100 200 300 400 500 600 700 _ 800

""""""""""""""""""""""""""""" Vs=7TeV -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ... — Observed
... == Expected

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV 37 | =10
[ =20

. — o"°(Gluino)

‘.,
~
‘u
.
.
-
-
-
-
.
.,
.
.

-
‘e,
e
.,
D

g
-~
.
.
.
5

500

|

T R T R T R L1 |
200 250 300 350

Il Il Il Il t
400

450

Andrew As M,; [GeV/c?]
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Similarly, but with far
better resolution, one
can look for dilepton
resonances.

Muon mass
resolution varies
from 4% at 5oo GeV,
to7% at1TeV.
Electron mass
resolution is more or
less flat above 500
GeV, at 1.3(2.4)% for
EBEB(EBEE).

A
)
)

High mass uu event

/

/

Andrew Askew High mass ee event 4




€==0 Spectra:

> I | I I | I > I I I LI I I LI | I I I I [ |

® 1° - 1 3k s

o 10 CMS preliminary \§ =7 TeV J Lat=11m" § @ 'CF  cmspreliminary Vs=7Tev j Ldt=111" 3

wn - 0 a

~ . ~

S 10 i DATA 5 S 10'E { DATA E_

c . .. T = 2 .. 3

ZH*—u'p - Y'—ee

2108 <4 2i0%g -

w - tf + other prompt leptons ; w = - ft + other prompt leptons ;
107 jets E 10? jets (data) E
10 = 10 -

) ! T i

B Y
10’3:llllllllllllllll J 1 II

200 400 600 800 1 000I 1200

200 400 600 800 1000 1200
mu*) [GeV] m(ee) [GeV]

The actual spectra themselves, MC for DY
normalized to 60-120 GeV, NNLO shape taken for DY.

Top backgrounds, QCD backgrounds taken from
data.
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Individual observed ~
limits bobble around

a bit due to the

slightly choppy

spectra of the

dilepton mass. 2 04
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Individual observed
limits bobble around
a blt due tO the -;é.z0-4CMSprleliminanI(,J-Ldt=l1.1fb'1 | ee+u

------.- median expected

[ ]68% expected
B 95% expected

Z'SSM B

Y 1

B G, KM,=0.1

Gk K'M,=0.05 —

— 95% C.L. limit |

slightly choppy sl
spectra of the ;

dilepton mass.

0.2

Combining them 0.1 B
smoothes thisout | . o
considerably. M GeV)
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Like Z', many models
which extend the SM
have additional
heavier counterparts
to the SMW boson.
In some scenarios,
the W’ decays
similarly to it's SM
counterpart, e.g. to
lepton and neutrino.

IIIIIIIIIIIIIIIIIIIIIIIIIIII

010’ CMS Preliminary &= oposor
Q) BB TTuets+SingleTop
01 0° J Ldt=1.03fb" .

— Worv
~ 5 \EI =7 TeV —td
107 ¢ W sev B et
n B acp
10 = oo

q) i. e Data

—— W'{m =15TeV)
W

overflow bin

‘lw
- T T
200 400 600 800 1000 1200 1400

M [GeV]

W=>ev transverse mass
distribution and expected
background.
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Like Z', many models >
which extend the SM
have additional

heavier counterparts
to the SMW boson.

In some scenarios,
the W’ decays
similarly to it's SM
counterpart, e.qg. to
lepton and neutrino.

- | .I | | | | | | | | I l I
Q5L CMS Preliminary | * D@
Q) = e W ->puv —— Max Function
91 0? é_ -. \s=7TeV Min Function
~~ - . _ -1 o
91 03 L .\! J Ldt=1.131fb Mean Function :
S .F ]
>10°E 3
T §
10 E
U3 E
107 E
10 ¢ =
1 0’30 | | | | | | | | | | | | | | | | | | ]

200 400 600 800 1000 1200

M. [GeV]

W=>uv transverse mass, with fitin the
low M; region, extrapolated to high M-.
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No excess Is
observed, thus
limits are placed on
the cross section for
a W',

Theoretical model
on right assumes
identical coupling as
SMW.

7/29/11

— J 1.1 JIN (R S | I 1 94 I 1 1 l 1 T 1 J 1
.8 % Observed Limit Electron 1.03 fb~]
TS Pr ummar-y- .
— [, X ALY 95% Obeerved Limit Muon 1.13 fb" |
> Ne = 1TV
+ 95% Obeerved Combined
= i
~ — —— - 85% Expected Combined
?1 0.1 — Theorstical Crose Section —_
oC
(48]
b1 0—2 == s —
I ——
——r— —— i —

‘3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
19400 1600 1800 2000 2200 2400

Andrew Askew
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jet

jet

Some models have quite different W bosons
however. This Wy couples to a right handed

(heavy neutrino), which subsequently decays
through a virtual Wi,
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gt 5 Selection and Backgrounds:

Require two leptons
(ee,uw), pr>60/30 GeV, and
M>200 GeV

Two jets, p; > 40 GeV _
Backgrounds primarily DY 7500 1000 o0 2000
and top production, DY e
normalized in data, top
normalized to luminosity.

Events/200 GeV

71000 1500 2000
M(upjj) [GeV]
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CMS Preliminary
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No excess observed over estimated background.
Mass limits as a function of M and M, (for

electron (red) and muon (blue)
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"Stable” here just
means stable with

respect to transit in

the detector.

Two Main varieties:
Slow: (0.4 < < 0.9)
Stopped: ($<0.3)

A number of different

models, pair vs. singly

produced, hadron-like
vs. lepton-like, etc.

Andrew Askew
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J2 E N | | -

Use tracker energy gw*z_g‘\ %
loss measurements, “102 v o N
. - V' A 3
with lower f comes ok ]
. =, #
higher energy loss. W ]
For “heavy muon” sl Yoo
style HSCP, use time ! H : ol jj
] 1 0- - ) GMSB © 247 E

of flight from the T
0 0.2 0.4 0.6 0.8 1

|

muon system.
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CMS Prefiminary Ve =7Tev 1081pb CMS Preliminary Ve =7Tev 1091pb
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Using tracker only (right) and tracker+TOF on
right.
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. -1
CNS Preliminary Vs =7 TeV 1091 pb CMS Preliminary \s=7TeV 1031 pb
T

g : l : a — l T T T T T ]
— — + ] 2 8t + onl T o : ) ) ]
o | Theoretical Prediction L'vgluim' 0% 3o | ‘6’ | Theoretical Prediction Tk + TOF i
10 gluino (NLO+NLL) —a— guuino; 10% gg — 10 gluino (NLO+NLL) —— gluino; 50% Eg_
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Busy limit plot: Blue, black and red are observed
cross section limits. Green bands are the
theoretical cross section for benchmark HSCP.
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45 Stopped HSCP:

Similar to previous
models, "R-hadrons”
could lose energy
and finally stop
within the CMS
detector, and then
decay seconds,
minutes, or even
hours later.

7/29/11

50ns_1104b+1small_1042_35_1008_108bpi_ob L = 68 pb™
LI I L L | L | L |
CMS Prefiminary 2011

L L L | LI L | LI L L ]
% CMSData ]
Signal PDF (T = 1us)

T TT IIIIIIIIIIIIIllllllllllll

..\1 x l 1 . l ]

1 1 1 1 l 1 Ll I | | 1 .
500 1000 1500 2000 2500 3000 35))(20

o

Look in “*gaps” in LHC beam structure
for energy depositions that are
inconsistent with noise, and
uncorrelated to collisions. Overlay is
for 1us decay time for particles
produced in collisions.
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CMS Preliminary 2011
J L dt = 886 pb”

—h
o
I
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A e e ) e e e e e e |
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Model independent limit on energetic decay

Thsce [S]

within detector, as a function of lifetime.
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" =5 Black Holes

In models with
additional spatial
dimensions, black hole
production becomes
possible (and even
frequent). |
More remarkably, these | §
black holes decay N
“democratically”,
leading to a large
particle multiplicity of
many different kinds (y,

e, u dg...)
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&==0 Explosive!

One of our S;>1TeV
events, this one with
greater than nine jets,
leptons or photons.
You can see that this
was only one of a few
interactions in this
crossing.
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=5 Background:

7/29/11

We fit the S-
distribution for small
values of N (number
of “items” in the
event), where SM
dominates.

> 6 I I L | L I L | L | L | L | ]
o 10 N=2 a) -
) ® Data Photon+Jets .
o 10° Background = t\lt\t/)::ets —
) Uncertainty Z+Jets =
e S Mp=15TeV,M™=45TeV,n=6
~ 1 04 .................... M, =20 TeV, ME;';'" =40TeV.n=4 =
_,g ---------- Mp =25TeV, MI"" =35 TeV, n=2 -
© 10° CMS Preliminary =
1L Ve=7TeV,1.09fb" =
10° E
10¢ E

- E

AL i)

10 P R BN P R s s

— [TTTT

000 1500 2000 2500 3000 3500 4000

S; (GeV)
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g==0 Black Holes

7/29/11

T T I T T 1 I T 11 | T 171 T T | T

We fit the ST %) - N>7 e) -
. . . (5 104 = ° Data =
distribution for small s Dackorou E
values of N (number T 103 Iy Sl
Of “itemS” in the i) S ME:Q.STeV,MZ":":S.STeV,n:Q ]
C - ]
D 1024 CMS Preliminary =
> £ E
even_t)’ where SM L] s =7 TeV, 1.00 fb"
dominates. ok _
We then use the : i e E
same shape, and e E
float the ol -
- - = oo b e e b e I T l 3
normalization for the 2000 2500 3000 3500 4000
high N bins. Sr (GeV)
New preliminary result.
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Using the fit to
determine the
expected number of

events in the high S;

range, limits are set.

) X A (pb)

min
T

Andrew Askew

L DL L L L L =
CMS Preliminary e) -

(s =7 TeV, 1.09 fb™
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....... Expected 6%

.
.
e,
.
---------

2011, 1.09 fb™ |

[ T I R B
3000

| I | |
4000

i
5000

STmin (GeV)
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Using the fit to =

o L R R I I R
: 2 o0 ey 3Pty S
determine the c 15 bo20minss
:\ Non-rotating Black Holes ]|
expected number of 1o
events in the high S; b ;
range, limits are set.
107¢ E
10 = CMS Preliminary ‘i\‘*\\v _:—\-.'"_if'_'_: E
- (s=7TeV,1.09 fb" RN ]
10—3.1....1.1..1.1,.1....1.‘;a1.|..;,|...

25 3 35 4 45 5 55
Mgty (TeV)
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&= Conclusion

7/29/11

| have concentrated on only some of the MOST
recent analyses to come out of the CMS
Experiment on the topic of BSM.

Many more exist, and even more are still to
come.
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResults
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Conclusion

Compact Muon Solenoid

| have concentrated on only some of the MOST
recent analyses to come out of the CMS
Experiment on the topic of BSM.

A reminder of what you've seen
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Table 1: Minimum M requirement for the search windows for different W' masses, expected
number of signal and background events and number of observed events, along with expected
and observed limit for each W’ signal sample. The cross sections correspond to the oy x
B(W' — £v) process, with £ = ¢, u. The exclusion limit is determined using a Bayesian method.

W' mass | My Ngig Npkg Naata Ctheory | EXp. Limit | Obs. Limit
(GeV) | (GeV) (Events) (Events) (Events) [ (pb) (pb) (pb)
Electron channel
1400 1000 | 53.838 +£3.707 | 2.227 +1.124 1 0.144 0.014 0.011
1600 1100 | 23.681 + 1.630 | 1.438 + 0.798 1 0.063 0.013 0.011
1800 1100 | 12.021 £+ 0.735 | 1.438 + 0.798 1 0.029 0.011 0.010
2100 1100 | 3.764 = 0.242 | 1.438 £ 0.798 1 0.009 0.012 0.010
2400 1100 1.193 + 0.087 | 1.438 + 0.798 1 0.003 0.013 0.012
Muon channel
1400 1000 | 68.665 + 7.320 | 2.014 + 1.402 0 0.144 0.011 0.006
1600 1050 | 31.932 + 3.403 | 1.621 + 1.182 0 0.063 0.010 0.006
1800 1100 | 14.455 + 1.540 | 1.316 £+ 1.002 0 0.029 0.009 0.006
2100 1100 4435 + 0473 | 1.316 = 1.002 0 0.009 0.010 0.007
2400 1100 1.249 + 0.133 | 1.316 = 1.002 0 0.003 0.013 0.008
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