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Disclaimer

® 30 min are not enough to cover a physics program that covers
SUSY searches, as well as new resonances (RS gravitons,

techniParticles, Z’, etc)

® For more information look at
https://twiki.cern.ch/twiki/bin/view/CMSPu

ic/PhysicsResultsSUS

https://twiki.cern.ch/twiki/bin/view/CMSPu

ic/PhysicsResultsEXO

https://twiki.cern.ch/twiki/bin/view/AtlasPu

ic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPu

C O VUV (U

ic/ExoticsPublicResults

® | will concentrate on SUSY searches, with emphasis on the hadronic

searches and to new techniques

® Here SUSY is just a paradigm of any new physics in which stable
neutral particles (e.g. Dark Matter candidates) are produced in the
cascade of pair-produced heavy particles
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A “classic’” SUSY search

The typical signature: a lot of
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A “classic” SUSY search

The typical signature: a lot of energy seen

in the detector, recoiling against a lot of
MET

Several variables to quantify this behavior:
IMET| =% E7" |
mey=HT + |MET)

CMS Preliminary, L=1.1fb", \'s =7 TeV
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A “classic’” SUSY search

CMS Preliminary, L =1.1 fo",\s =7 TeV
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Bkg To Fight

mismeasured jet

QCD with fake MET

related to pathological events
require understanding of rare
detector-related effects
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Fake MET

mismeasured jet

SM processes with real MET, e.g. Z(VV)+jets
measurable from control samples defined
on data
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QCD prediction

Background prediction:

W(éy) -+ jets, tt Use i control sample

. Use 7 +jetsand Z( 1 U« )+jets
Z(VV) + JetS control samples

QCD multi-jet events do not intrinsically
populate the phase-space defined by our
requirements on scale and angle --

BUT, mis-measurements of jets can result
in large measured MHT

' QCD multi-jet background
:pred1cted by ‘smearing’ balanced
i (no MHT) events with measured

| resolut1on functions

1/N Events/0.02

Search for high p jets,
high HT and high MHT
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Adding Leptons [ ieptor

T T I T T
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® Whenever a lepton is added to the final state,
the QCD background is reduced to
manageable/negligible level 10
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QCD Killing

® Predicting the QCD bkg is the more problematic
task of a “classic” analysis

® New approaches proposed to reduce the QCD to
negligible level and deal with the residual SM
background through data-driven control samples

® Different layers of extra assumptions give different
signal vs. background separation

- &T: unbalanced events

- MT2: MET coming from two particles

- RAZOR variables: pair production of heavy
objects producing two missing particles
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o1: Killing QCD
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- After &XT cut the signal looks similar to

bkg in &XT

- another variable needs to be used to

characterize the signal

- Back to the “classic” paradigm’:

HT used by CMS

—

ETjet2

ETj et

i \/ (Zzzzl ETjeti)z — (

1 ijti)z - (Z

jet;

i=1 Py

;

- &T = 0.5 for perfectly balanced dijet events

- xT<0.5 for dijet + mismeasurements
- EW main bkg after &T cut
- QCD events could leak to xT>0.5 because of
detector effects (rare)
- large fraction of signal events removed
(efficiency vs purity)
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o1: BKG Estimate

® EW bkg is estimated using the RXT (¥) ratio

RDCT - = N(XT>9/N0¢T<9
® This is computed scaling the pT of the jets with the HT threshold, to event
topology

® The ratio is found to be compatible with the flat hypothesis within the available
data and SM MC statistics
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® This is used to predict the bkg expected in each bin of HT. Then a fit to the HT
shape is used (more on this later) <--- TODO

(*) Number of EW events with &T>0 / number of QCD events with xT<0
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MT2: two missing particles

® We are looking for events with
two undetected neutral particles
leaving the detector

® We measure the sum of their pT
as MET

® This is similar to the detection of
the W, for which the edge of the
mT distribution is used

— N
° Th ft . _ 36pb’ at Us=7TeV
e presence of two missin . . . o
P . S b= (B G B e ) | W tiet
particles make the picture more _ Y
complicated. With some S 15 ° data

o

— W—=uv
reasoning (see backup) one gets

B8 non-top
BE= top

. (1) w(2) :
min [max{sz(pT : (Tl);X)a mz(pPT gg);X)HOS

42 =,
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MT2: two missing particles

® M is found to be useful for searches, . 5EQ"M"A"a'VSiS L T
. . - 10 =" Sabs +jets
since it allows to reduce QCD to 5 10k v |t
Ll

negligible level

- Assume a mass value (eg mLSP=0)
- Assume that the visible system in has 0 mass
- An analytical expression for Mr2 is found

5 vis(1)  vis 0 200 400 600
(MTZ) = 2A7 = ZPT ( )]9 (2 )(1 —+ COSgblz) M.,
- The Edge is lost but we have an O(T-like High My, Analysis  CMS Preliminary\'s =7 TeV, L = 1.1 fb"
variable to kill the QCD ug 15:— | . .\?\,f}its
a>J : =$+jets
L !0t:er
. Pl et ¢+ 08 SNE W0 0N AV e AL LM5 x 1
® Other variables could be used to — data
characterize the signal, in case of a
discovery. CMS would use +/smin for that
0-""7000 2000 3000 4000
\/gmzn miss, mzn \/M%ls + P:,% e T+ \/Mmzss min T E1? \ Siin

| 4
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The Razor Frame

® Two squarks decaying to quark and LSP. In
their rest frames, they are two copies of
the same monochromatic decay. In this

frame p(q) measures Ma "

® |n the rest frame of the two incoming partons, the
two squarks recoil one against each other.

® |n the lab frame, the two squarks are
boosted longitudinally. The LSPs

escape detection and the quarks are
detected as two jets If we could see the LSPs, we could

boost back by B, B, and Bcm
In this frame, we would then get
IPi1] = |Pi2l
Too many missing degrees of
freedom to do just this

NY
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The Razor Frame

® |n reality, the best we can do is to compensate the missing degrees of
freedom with assumptions on the boost direction

- The parton boost is forced to be

longitudinal RAZOR
- The squark boost in the CM frame is : CONDITION
assumed to be transverse IPRi1]= PRz

® We can then determine the two
by requiring that the two jets
have the same momentum after
the transformation

® The transformed momentum
defines the Mg variable

Mg = \/ (B, + Ep)? — (pl + p2)?
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The Razor Variable

® MR is boost invariant, even if defined from

3D momenta

® No information on the MET is used

® The peak of the Mg distribution provides
an estimate of Ma

® Ma could be also estimated as the “edge”
of MR

' 1 2 =& -7l 72
ME = \/ EY™(pr +pr) — Ef™*(Pr + 1)
r= 2

e MR is defined using transverse quantities
and it is MET-related

® The Razor (aka R) is defined as the ratio | R =
of the two variables Mg
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The Razor Analysis

The backgrounds are characterized by a
turn-on (they have their own Ma), after

which they decay ~ exponentially

The two variables exhibit a clear
correlation, regardless of the process
under consideration

This is used to fit the signal in a
sideband and extrapolate to the signal
region
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From Dijet To Multijets

® The “new’
+MET final state as a paradigm

® All the analyses have been extended
to the case of multijet final states

clustering
(aka mega

-jets)

" variables rely on the dijet

jets in two hemispheres

Several approaches used

- minimizing t
- minimizing t
- minimizing t

ne Lund distance (MT2 CMS)

L
“/ S

ne HT difference between the mega-jets (aT CMY)
ne invariant masses of the two jets (Razor CMY)

(E; — picosOy)

E;

(E;

T E) < (Ej — pjcostj)

E

(E]' + Ek)z

- Is the ultimate hemisphere definition out there
(I am not aware of studies on this)?
- Could this improve the signal sensitivity in a significant way?

19
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From Hadronic lo Inclusive

§ CMS Preliminary Vs = 7TeV
@ - = MU boxdet 807 pb”
® Hadronic analyses use to veto leptons and use the £ | C ol
. . §10° . — V+jets
vetoed sample as a bkg control sample (including “ | THL s
sighal contamination) :
. . . 10
® [eptonic analyses look for a signal in a subset of ;
this samples 0.
S 3 :
® Thinks can be sync’ed in a common analysis 8"E > ElE bor [ Lat=772pb"
framework, as in the CMS Razor analysis ik
i E ;gl?/ﬁotal
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10? tf+jjets
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From Hadronic To Inclusive

, CMS Prellmlnary \'s = 7TeV f Ldt = 800 pb””

600
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400
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. - = Median Expected Limit D,
= o [ Expected Limit +10 : LEP2 X,
— Observed Limit [ TLEP2 T

B 5 Observed LimitzHad
F(1
730)Gev — Observed Limit, Lept
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J DO 7,7, tanp=3, u<0
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2000
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2] 103

10?

10

- Limit using CLs

- Most stringent
(expected) limit so far

- Result driven by
Had analysis

- Remarkable
constraint at large mO
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The Simplified Models

- The CMSSM is an established i
paradigm to present searches =30 o0
- On the other hand, it is characterized 00 | 200p
by very peculiar features (eg mass < oma =03 oyuoe LSS
ratios) which makes the result difficult §2°°'opmd=o_1 | ont
to generalize 4 g

100} b < ) Te"afm]\":
- The experiments decided to focus on E
a limited set of simplified models, in T
which two sparticle are produced, ol
decaying to visible particles + 2 LSPs (~9
- At most an intermediate step is @
allowed, such that a few decay chains
specify the full model qq
- Result is presented as the max

excluded cross section vs masses of
produced particle and LSP
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Direct decay,gy = gquar

g g and qq SMS

virect uecay, gy = yyzx ,(

;1 000 [Tttty ey Yy Ty gzl ,E ;1 000 11—y S S — 1 0:-‘ =
S ATLAS Preliminary [, = 8 ATLAS Preliminary 5 L2,
=, 900 — 0 lepton 2011 combined \ﬁ - = 900 - , lepton 2011 combined \ﬂ —1
3 [ 1 0 y 77 | ‘\ © $ > ! 1 O
£ 800 [Lata1.08 1", v8a7 Tev . 2 g 800 |- JLdt=1.041m" 1527 Tev 2
o e CL_ observed 95% C.L. imat 8 CL, observed 85% C.L. limit m
v 700 : - = y o
) ==== Cl, Mmecian expected XT" - 9 700 ====: CL, median expected limt_ ’ ™
600 Expected imit t10 : '8 Expected limit +10 '8
, . T 600 o
- S - i
500 ] 2 X 3
. 3 ® 500 N\ x
) &‘ r—
400 o ﬂm a: 400 %
""" K c -
e 1= - 300 |-~ L
- M
200 > ez
4 10 200 B
100 .
5 i 100
300 400 500 600 700 800 900 1000 0
gluino mass [GeV] 300 400 500 600 700 800 900 1000
~ o ~0 . o~
PP —> 99,9 —>qqy ; m(q)>>m(q)
< 1200 C|:MISII3 'I_l_' L L L L :,,, PP — qq,q Q+||-SP m(g)>>m(q) |
_ reliminar -~ — L —
8 y 4 [CMs g &) 1200 B CMS Prellmlnary . _I"-
2 - \s=7TeVL=1.11b > A ~ q_) i P N
9 - — 02 D) \s =7 TeV L=1.1 fb 9
- a - -
£ 1000 i l prod _ _NLO-QCD ~ —1000 % 10 —~
L oprod =3 GNLO-OCD . 2 & I Oprog =g > oaco =
d Z NLO-QCD.-’ L prod _
500 oP°?=-1/3x 0o S E_I .. gProd — ?/g g oNLO-acD. 3
= 800 g ©
1 - C
600 ‘g- 10
o 600 =
: | E
¢”" L
400 i 1 0-1 § 400 ’,/ 1 -1 GJ
o)) _¢”' 0 %
)
200 200 5
200 600 800 1000 1200 10 ¥
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o
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The Simplified Models

CMS Preliminary
Ranges of exclusion limits for gluinos and squarks, varying m(x°)

an, 1.1 fb™!, gluino

]
Br+ jets, 1.1 ", gl RGN
MT2, 1.1 fb ', gluiflol
T2: §—q¥° an, 1.1 fb™!, squark _
N rra—

T2: G—qX" |Ep + jets, 1.1 fb !,

T1: g —>qq>~(0

T1: g —>qq5<0

T1l: g —>qq5<0

Tlbbbb: §—bb%" |Ey+b, 1.1 fb~!, gluino

Tlbbbb: g—bbx" [MT2, 1.1 fb~!, gluino

Tllnu: g—qqx™ |1F1*, 0.98 fb!, gluino

TlLh: g—qqxs|X" 1717, 0.98 fb!, gluino

T5zz: §—qqX5 |Z+F; 0.98 fb~!, gluino

T522: §—qa%) |JZB, 2.1 fo ", gluino [
T5zz: G—qqXs | By + jets, 1.1 fb !, gl_
T522: 544} [ap 1.1 10", gluino [N
T1tttt: g—uxy [1*1%, 1.1 fb!, gluino . - ,
0 200 400 600 800 1000
Mass scales (GeV/c?)
For limits on m(g),m(3) > >m(g) (and vice versa). ¢?d =NO-QCD
m(%*)m(%) =22

m(x°) is varied from 0 GeV/c* (dark blue) to m(3)—200 GeV/c? (light blue).

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec. 2011)

MSUGRA/CMSSM : 0-lep +j's + E7 s
MSUGRA/CMSSM : 1-lep +j's + E7 cs
MSUGRA/CMSSM : multijets + E

T miss

Simpl. mod. : O-lep +j's + E7 s

Simpl. mod. : O-lep +j's + E7 s
Simpl. mod. : O-lep +j's + E7 s
Simpl. mod. : 0-lep +j's + E s
Simpl. mod. : 0-lep +j's + E s
Simpl. mod. (§— q@x") : 1-lep +j's + E7 s
Simpl. mod. : O-lep + b-jets +j's + E7 s

Simpl. mod. (§—>tf§?) 2 1-lep + b-jets +j's + E s

Simpl. mod. (6, b,) : 2 bjets + E e

SUSY

~x~0

Simpl. mod. (%%, — 31%;) : 2-16p SS + Ey e,
GMSB : 2-lep OS__ + E7 ss
GGM + Simpl. model :yy + E

T,miss
GMSB : stable T T mass
AMSB : long-lived 5{1’

Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, m=m,
RPV : high-mass eu

Bilinear RPV : 1-lep +j's + E7 s

%; mass (light 5(‘?, m(l) =%(m(ij) +m(i2)))

i? mass (0.5 <T(iT) <2ns)

b mass
t mass

sgluon mass (excl: mgg < 100 GeV, mgy~ 140+ 3 GeV)

1=9mass ATLAS

q=gmass Preliminary

gmass (for m(G) = 2m(g))
f Ldt=(0.03-2.0) fb’!

s=7TeV

p

g mass (m(7,) <200 GeV, Am(x", %) / Am(@. %) > 1/2)

§=gmass (light i?)
Gmass (m(@) <2 TeV, light:)

Gmass (m() <2 TeV, light i?)
gmass (m(g) <2 TeV, m(i?) <200 GeV)

gmass (m(q) <2 TeV, m(i?) <200 GeV)

G mass (m(b) < 600 GeV, light i?)
g mass (m(x;) <80 GeV)
b mass (m(x;) <60 GeV)

g mass (corresp. to A < 35 TeV, tanp < 35)

g mass (m(bino) > 50 GeV)

g mass

V. mass (45,,=0.10, A,,,=0.05)

G =gmass (ct gp < 15 mm)
Ll L Ll L L1

*Only a selection of the available results leading to mass limits shown

1 10
Mass scale [TeV]
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A hot-topic SMS: stop productlon

A lot of interest in a light-stop j
scenario, with other colored A
particles heavy
- Strong penguin not tested in B 3 :
physics ki T—— i sl _
- b—sy effect diluted by il i -

cancellations between charginos and

g 3-g + 1-t production, § —» t 48, 1, b+, | Ldt = 1.03 b\ 5=7 TeV
[ 4 '; : L K3 ) 1 T Bl TT‘T B: dcsl ]’ | B 5 B ) T | B PE RSl ) ‘[ L L Tj T ‘I'S'l :" ! 1] 'T | B I L :
Charged H 1885 & ..o £ ATLAS Preliminary Treee OL" xpacted ik j
oy I‘ Expected CL_limit 1o e
E‘«' = 1-lepton, 4 jets Observed ATLAS (35 rbl :
) . 500 ; =1b-tag,m > 600 GeV « Expected ATLAS (35 pb') 3
- Search challenging: signal ~ ttbar soE o =
. E m{z)=60GeV, m(x) 2m(x ) 5
bkg for light (~top) stop 90 ) >>m@ e E
. ° 50 b —
-First results by ATLAS. Hot topic i N | 3
. . 300 O i 3 -
for this Winter : \ E
250 — : 3
200 :— .-..,,s""l”.écfcrcr:cc pf;rut \ A L ;
Rot o a g B0 o pon By py B o F, alsslfaliasal ol lng gl

300 350 400 450 500 550 600 650 700 750 800
m; [GeV]
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Conclusion

® | esson from Tevatron taken: CMS and ATLAS fully
committed to “classic” Jet+MET searches

® |n parallel, new directions have been explored,
exploiting specific features of the signal under
considerations

® First results showed the power of the new methods.
More results are coming

® |ncreasing luminosity and no excess seen moves to
interest to specific scenarios (eg light stop).

® Results presented with | fb-1.About 5 fb-1 on tape to
be analyzed for the Winter conferences

26
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Basic/Incomplete Bibliography
® ATLAS SUSY results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

® CMS SUSY results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

® Other papers
- Original paper on & http://arxiv.org/pdf/0806.1049

- Modified Ot paper http://cdsweb.cern.ch/record/| 1499 15/files/SUS-08-005-pas.pdf

by CMS
- MT?2 http://arXiv.org/pdf/hep-ph/0304226 http://arxiv.org/pdf/0810.5576v2

- v/ Smin http://www.arxiv.org/pdf/1006.0653

- Razor http://arxiv.org/pdf/1006.2727
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Single Lepton Search

e Require isolated lepton = suppress QCD
e Signature: single lepton (e/p) + jets + MET
o Challenge: estimating “tails” of ttbar/W+jets MET, H; distributions

q (,\\S..
P2 ~ q E = | \ MET
& A~ v muon AL~ [et
R ¢
X X i
______ XO VA jet
- g q jet “\\ =
example signal: ‘ q

SUSY with x= decay

- Main Bkg from semileptonic ttbar and W+jets (75%)

- Leptonic ttbar with lost lepton (15%) from ttbar dilepton
- Other bkgs (QCD 1% and mu from taus 10%) estimated from data
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Single-Lepton Bkg

nu spectrum = lepton spectrum
Get the MET from the muon pT

% SUS-11-015

Lc: 10°f CMS Preliminary

y— 250 1.1 b \s=7TeV

S

z | 1eoru,24jets (40 GeV)
S

»

= |

=]

-—

1 A eyl
100 200 300 400 500 600 700

MET (GeV)
| MET > 250 GeV | MET > 350 GeV_

o Analysis is performed by looking at L, in bins
of S = P.(£) + MET

e A signal would show up ay low L; and high S;/¢p

CMS Preliminar¥ 2011
TR bk Tillaia

0 ERE
~— B o
s 90114 \Ns=7TeV ,"',\?VATA X
~ i

2 i tt :
S 40fsigndfregon > Z —
u>.l B QCD

control region -

= | ]
L4 } 1 ‘L—S

predicted 49.8 + 8.8 + 10.8 12.1 + 4.3 = 3.6 1 1.5
observed 52 8 Le
' Control Rggion (Lp >0.3) Signal Region (Lp <0.}5) ‘
C AVE AT |f SUSY has the SITCP Range (GeV) | Total MC | Data | Total MC | SM estimate | Data |
. [150-250] 385+7 368 739+30 | 70.6+11 84
same property the s|gna| [250-350] 162 | 112 | 28.1%11 | 272%46 | 29 |
[350-450] 434+2. | 41 11.5+07 | 109+23 | 9
would be washed out > 450 18.4+0.8 15 65+04 | 5318 | 6
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OS Dilepton Search

example signal:
SUSY with x,0 — £+ £-x° decay ‘/
: muont

electron
" leptons
jet
MET
'>—5OO | |
8 450 | w
2 400 | |
E -
iy 350
e Define two signal regions in tails of 300/
HT and MET 250/
e Tail = were expect “a few” SM 200 -
events 150 '
. . 100 * CMS Prelimina
e Counting experiment - £ eerTovfiateosan’
Events with ee/uw/eu
e Compare OF vs SF yield 0
0 500 1000 1500 200
H; [GeV]
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BKG Estimate |:use pT(mu)=pT(n)
method as for |lep analysis

BKG Estimate 2: use the uncorrelation

of HT vs MET/sqrt(HT) (empirical fact seen
in ttbar data) in a ABCD method

vvvvvvvvvvvvvvvvvvvvv

. CMS Pnumlnary
- Vs =7 TeV, [Ldt = 0.98 Ib”’
3 Events with ee/upeu 1

0 S50 100 150 200 250 3

ET ™ (GeV)

S0 Events with ee/jyJey:

CMSPreIminary
\vs =7 TeV, [Ldt = 0.98 fb”

5 100 150 200 250 3
m(ll) (GeV)

OS Dilepton Search

10°

r CMS Prollmlnary
' \'s =7 TeV, [Ldt = 0.98 1b”
- Events with ee/juveu

10’

0 100200300 400 500 600 700 800 80010C

H, (GeV)

Ty

CMS Prollmlnary

B800F\'s = 7 TeV, [Ldt = 0.98 ft”

Evm with ee/juven

0 50 100 150 200 250 301
p, (1) (GeV)

high ET™ signal region

high Hr signal region

observed vield 8 4

MC prediction 7.3+ 2.2 7.1 =22

ABCD’ prediction | 4.0 == 1.0 (stat) = 0.8 (syst) | 4.5 £ 1.6 (stat) = 0.9 (syst)
pr(£f) prediction | 14.3 = 6.3 (stat) = 5.3 (syst) | 10.1 = 4.2 (stat) = 3.5 (syst)
Nipke 42+ 1.3 51+1.7

non-SM yield UL 10 5.3

LM1 49 + 11 38 =12

LM3 18 = 5.0 19 = 6.2

LM6 8.1=x1.0 7412
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Z— ¢ ¢ Search

- Similar to previous analysis, but requires the leptons to make a Z

- Use two methods to control BKGs

Region Observed events Background prediction MC expectation
Use MET tem P late from Y JZB > 50 GeV 20 24 + 6(stat)+1.4(peak) 1 2(sys) | 16.0 + 1.2 (MC stat)
. .o JZB > 100 GeV 6 8+ 4(stat):t0.l(peak)’_'3:§(sys) 3.6 = 0.4 (MC stat)
+jets and multijet events
R w II’IIUI IITI]’IVYII‘IAl[Il-IIII-I[I!-IITITIITIII'
> L B B e g?::?ed + OF Pred = 2 CMS preliminary 2011
8 CMS Preliminary — OF Pred ol10 - _::
Vs =7 TeV, [Ldt = 0.98fb" Z+Jet > . \s=7TeV, L =191 pb ']
0 10 Y ® .
) Events with ee+uu N WW+WZ+2Z - — .
8 _ t{ g ;(.'L?k, )
> 102 I —— el d
w . CCD
10F E
10 " ]
1 I 1 ]
1 & o0 o -
10" | = A :
0 50 100 150 200 250 I ]
EmISS
ET™ > 30 GeV EFT™ >60GeV  EFT™ >100GeV  ET™ > 200 GeV 10-1 salakaalassalassnsld
~Z Pred 2060.3 £ 29.1 £ 309.1 608 f41+L91 bLITXI10X08 0.09*0.0%x0.0] -100-50 0 50 100 150200 250 300 350
tt Pred 2466 £ 6.3 + 222 1525 4+49+ 137 506 +28+46 32+07+03 J ZB G V
Prediction | 2306.9 + 29.7 + 309.9 2130 £ 64 165 557 £30+46 33+0.7+0.3 ( e )
Data 2287 (1145,1142) 206 (114,92) 57 (25,32) 4(1,3)
T 198 37 20 5.0 [ (
M4 %419 29118 20117 123517 JZB = 2(,0’7-(_/61')) — pT(Z)
LMS8 11.8+ 0.9 10.7 + 0.8 8.7 + 0.8 5.0+ 0.7
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SS Dilepton Search

e Three complementary samples
- ee, eu, un high P+ (P+>20,10 GeV)
- ee, ey, uu low P+ (P+>10 for e, P> 5 for p)
e More sensitive to compressed SUSY spectra, but higher BG
- et, mt, tv (P->15 for t, Pr>10 fore, P> 5 for u)
e In case New Physics likes taus

e Several signal regions at high MET and HT
- Where we expect only a few SM events
- Chosen with an eye towards possible SUSY features

00CMS Preliminary L, =098’
400~ v
% E m””ﬂ>2QWOGCV ellll
o 390} =ee
WoF veu
300} g
250F-
E ™Y - Search Regk
200:7 Search Regk
r I Search Regk
150_”“ v Search Region 4
: .
100’ { o _ v ¥
u
[ ir e
L L]
H vy v o
oboceilasriloeasbiiaalons (Liaael
0 100 200 300 400 500 600 700
H, (GeV)

Er T (GeV)

CMS Preliminary L, =098’
<400 ‘
Fop (welt) > 511015 GeV T
8 [ Al
350} ser
:u-.’ : —
300}
E — h Reg
250 '
E A
200}
150} A A
. A
100' :'»
: !
50}
0: TSN IS STEr SNt M S NSNS A ST T T 'l e
0 100 200 300 400 500 600 700
H, (GeV)

400
p.(we) > 510 GeV
350
300}
250
200 ®
150 v
..... U
100} "~y
. 7
50 ¢ .‘ ®
[ Cee®

CMS Preliminary

L. =098fb"

oIl
mee
veu

Search Region 2
Search Region 3

100 200 300 100 500 GOO 700

H. (GeV)
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S Dilepton Search

] isolated ‘e )

I lepton N
] ' V
dominant background: /3 i 3
non-isolated /

ttbar with “fake” lepton “fake” lepton —’\_b

fromb— 4=

e Events with “fake” (non-W/Z) leptons (dominant)
- Must be a data driven BG estimate
e Fake rate method (same as H—=>WW)
e B tag-and-probe — extract b— £ * isolation distributions from b-enriched

sample

- Validated in lower MET, lower HT control region
e Rare SM processes with SS leptons
- Estimate from MC

- ttW, qq—»q’g’WiWi: never measured in pp collisions =+ measurement critical
for future SS analysis

e Opposite-sign leptons with charge mis-ID (~10%)
- Charge mis-ID rate validated using same-sign Z sample in data
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I single fake

SS Dilepton Search

I SM SS processes
charge mis-1D

Low P; lepton + T — hadrons sample

high P; lepton sample

A b rr—
CMS preliminary L_=0.98 fb,Js= 7 TeV CMS preliminary L _=0.98 fb",\Vs=7 TeV

18

v
2 . - > — ® Data
et - ® Data 3 c
8 . I bkg prompt-fake s g 16 - bkg prompt-fake
>  .T 1T [_] bkg fake-fake
W q2F [ bkg fake-fake 14
B bkg SS prompt-prompt
- bkg SS prompt-prompt 12
10 [] bkg OS prompt-prompt (] bkg OS prompt-prompt
10

UL Illllllll‘]lIIIIIIIIIIIIIIIIIII]

11111lllllllllllllllllllllllllllllll

llllTIIIIIIIIIIIIIIIIIIII

L1l L L1l LA 1 LA llllllllll'

o N A O @

e Good agreement observed yields vs. both bkg predictions in all

samples and signal regions = no signs of new physics
- Note sizable contribution from SM SS processes
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NEWS FOR YOUR NEURONS

WIRED SCIENCE ¢ @™ Multileptons...

5

Hints of New Physics Crop Up at LHC

By Adam Mann 22 13 October 21, 2011
¥ Follow Gadamspacemann - 279 folowers

12:11 pm | Categones: Physics

Prefminary findngs from CERN's Large Hadron Colider may have uncovered expenmental evidence for
physics beyond the Standard Model. Data from the CMS expenment is showing significant excesses of
particles known as leptons baing created in tnplets, a result that could be interpreted as evidence for a theory
called supersymmetry.

The findings, presented during a talk Oct. 19 at a conference dedcated to LHC searches for new physics,
have piqued the interest of some members of the field.

“This is clearly something to watch
closely over the coming months,”
physicist Matt Strassler wrote on his
blog. That’s because these particular
triple lepton signatures are sometimes
called the “golden channel” to revealing
supersymmetry, a theoretical model
that posits the existence of a heavier
partner to all known subatomic
particles in order to solve certain
problems with the Standard Model.

“We do our best, applying

different independent approaches and
make sure they all give consistent
results, but we need to make more
cross checks before claiming any
inconsistency with the Standard
Model,” wrote physicist Fedor Ratnikov
of the Karlsruhe Institute of Technology
in Germany, who presented the CMS
results at the conference, in an email.
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The Simplified Models

pp—4d 9 g - q q X m(q)>>m(g)

I I 1 : . > 1200~ reliminar | | i
® CMSSM is a very special case, with built-in |8 | oS protminay :l_
featu res £ 1000:— 01 g’é o guoser 70
- GPr d:1/3XGNLOQCD .

800}-

Lol | L1
—h

® A generic SUSY can produce more
challenging situation, eg compressed
spectra (meaning softer seen jets,
problems with trigger, etc) 200

1 | 1 1 1 | -2
400 600 800 1000 1200 10
m, (GeV)

600

o
95% CL upper limit onc (pb) (CL )

.
.
- .
.
.
.
— .
.
.
.
.
- .
.
.
.

® TJo study the performances of the searches

in these scenarios we look at simplified 353 77 2|+MET

models: SUSY-like models with only a few  [§ ™ cwsrommn =007 g
(two, at most three) particles :

- \s=7TeV L=1.11fb"

-
o

800f

600/

95% CL upper limit onc (pb) (CL

.
.
- .
.
.
.
.
.
.
.
.
- .
. o
.
.

iy
Qe

200/

-2
400 600 800 1000 1200 19
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Monday, December 12, 11



Basic/Incomplete Bibliography
® ATLAS SUSY results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

® CMS SUSY results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

® Other papers
- Original paper on & http://arxiv.org/pdf/0806.1049

- Modified Ot paper http://cdsweb.cern.ch/record/| 1499 15/files/SUS-08-005-pas.pdf

by CMS
- MT?2 http://arXiv.org/pdf/hep-ph/0304226 http://arxiv.org/pdf/0810.5576v2

- v/ Smin http://www.arxiv.org/pdf/1006.0653

- Razor http://arxiv.org/pdf/1006.2727

39

Monday, December 12, 11


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
http://arxiv.org/pdf/0806.1049
http://arxiv.org/pdf/0806.1049
http://arXiv.org/pdf/hep-ph/0304226
http://arXiv.org/pdf/hep-ph/0304226
http://arxiv.org/pdf/1006.2727
http://arxiv.org/pdf/1006.2727
http://cdsweb.cern.ch/record/1149915/files/SUS-08-005-pas.pdf
http://cdsweb.cern.ch/record/1149915/files/SUS-08-005-pas.pdf
http://www.arxiv.org/abs/1006.0653
http://www.arxiv.org/abs/1006.0653
http://arxiv.org/pdf/0810.5576v2
http://arxiv.org/pdf/0810.5576v2

MT2: two missing particles

® [f we could see all the particles, we could compute

0 0
m? m2 + mi(l) + 2 [E%E;fl cosh(An) — p7 - p%ﬁl_

xi

® |f we could measure p7(XY), but not p,(X°), the best we could do would be

0 0 0
mz(PT, Pr's My0) = Moy +mio + 2(E7E;" — PT - P

® Since cosh>l, mt<m, the equality holding for both pz(X%=0.This means that
max(mT) has an “edge” at m

® For each event we have two values of mt (two copies of the same decay). Both
are such that mt<m. This means that max(mt(1), m7(2))<m

®  We only know p1(X?%)+ p1(X%)=ET™*. A wrong assignment of the missing
momenta brakes the mt<m condition. But the condition would hold for the
correct assighment. This means that min(mt)<mT(true)<m.

® This defined mT; as

. ~ (1 2 /(2
mi,(x) =  min  |max{mi(p} ,dr’ix), mr(PF L di ) }]

40 v =,

40
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MT2: two missing particles

® The variable we have is a function
of the mass of the LSP

® SUSY characterization:

- Scan the LSP mass and look for the

edge developing in your sample
of SUSY events (if you have one...)

® SUSY search:

- Assume a mass value (eg mLSP=0)

 m]x]

— mT 4 ce
| — mT3 €T
3 — mT2 JTTT

m[y;}] - m[y]

P I AR PPN IS NN SPURIN MR A
0 02040608 1 12141618 2
myy(mlx3]) - mlx}1/ GeV

Figure 3: Simulations of mrx(myo) —myo for X = 2,3,4 using a
simple phase-space Monte-Carlo generator program for a pair of
decays G — xiq followed by x7 — XV 7 or xi — x¥ e v.. As the
number of inuisible particles increases, the proportion of events
near the upper limit decreases. Within the figure, subscripts are
indicated by square brackets.

- Assume that the visible system in has 0 mass

- An analytical expression for M, is found

(MT2)2 — 2A7 = Zp?S(l)p?S(z)(l + cosqblz)

- The edge is lost but we have an Xr-like
variable to kill the QCD

4]

gw == SUSY signal (SPS1a)
y %
|
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