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IHOW to search for SUSY?

\
Q=S
H

70 N . E:
7 <
=

The same diagram that produces WZ in SM....




IHOW to search for SUSY?

...could produce Winos and Zinos.




IHOW to search for SUSY?

...could produce charginos and neutralinos.

Lightest SUSY particle (LSP) 1s stable if R-Parity conserved.




IHOW to search for SUSY?

Strong production also possible...

q q /q
aas




IHOW to search for SUSY?

Strong production also possible...




IHOW to search for SUSY?

Strong production also possible, including scalar tops.

t ~ t E
t - LT
b 2900 - - X\ 1922 “-= ¥
C > Y y8
4 200 ¢ -,E-;-?%«- Y q '{_ z VW ,
t E o4
L w
Can lead to complex & tesaaq. - - ‘4““‘4""’ %

varied final state signatures 4 cooo)'- -




IHOW to search for SUSY?

Cross-section 1s calculable given masses.
E.g.: 10/tb for 600 GeV st()p or 1 T eV glumo
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thousands at
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lower masses.
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The challenge 1s to 10
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discriminate them.




Varied final state search modes
Multyets + MET

Lepton + jets + MET
Dileptons + jets + MET

Same sign dileptons +
jets + MET

Trileptons + jets + MET

w/ or w/0 b-tagged jets




I will describe
Multyets + MET

Dileptons + jets + MET

Trileptons + jets + MET

w/ or w/0 b-tagged jets




Single lepton + jets + MET

Many jets and
large total energy

HT = 2jets ‘I_)tf ‘
Large missing energy,

MET =3, By




Single lepton + jets + MET

Many jets and

large total energy

H, =

jets ‘ptf‘

Large missing energy,

MET = 2., Dy

Trigger | Jets Leptons 21 MET
Sngo oo | 24 e, | PHOPZ0

. pT>40 | . HT>500 MET >250
HTtrig>70 in[<2.4 Isolated,
pT(e)>17 =< veto dileptons




Single lepton + jets + MET

—_
o
~

CMS Preliminary

1.14fb™, \s =7 TeV

Key experimental challenge

1s to predict the MET

Spectrum.

Monte Carlo untrustworthy:

e.g., tails of kinematics &
resolution, and W/top mix.

Number of Events / 25 GeV
3 3, 3,

—

Data / MC

400 500
E: (GeV)

Trigger | Jets | Leptons
' >
Sngo oo | 24 e, | PHOPZ0
. pT>40 | . HT>500 MET >250
HTtrig>70 in[<2.4 Isolated,
pT(e)>17 = veto dileptons




Predicting the MET spectrum

Three sources of MET:
1. Neutrino py
2. Resolutions

3. Missed MET




Predicting the MET spectrum; v p;

Don’t know tail of top quark p distribution.
But, subsequent decay 1s well predicted.
Measure u prspectrum to obtain v py spectrum

: e - . CMS mmulanon
3 350 B
g350; . \s =7 TeV g ; Js=7TeV
2-300f 2300 = = .- i
-1 = 1
250f w0t b 0
: [ O
200 200f :|
150 150k
107 : 10
100 100k
>0 . 50
|| IS SIS WA S l...|...,|,“pT(€)>2OGeV
0 50 100 150 200 250 300 350 400 TR RS B R TR

Er (GeV) Er (GeV) 15



Predicting the MET spectrum; v p;

Don’t know tail of top quark p distribution.
But, subsequent decay 1s well predicted.
Measure u prspectrum to obtain v p; spectrum.

There are several important corrections due to:
* Polarization
* Lepton p; threshold
* Contamination to u p; spectrum

Small & measureable in Monte Carlo simulation

19




Predicting the MET spectrum; resolution

Jet 3

Resolution effects come from
the jet system; measure it e

Jet 4«—,®

in equivalent events
and add vectorally.

O(1B) events of data, “stitched” together.

Reasonable MC _comparison.
>10° ——
S 10 MC S0}
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\]‘s\\
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Predicting the MET spectrum° Missing MET

“Missing MET” from
other neutrinos or
lost leptons:

W —1v — uvv

contributes different
MET shape.

Measure from u events
with emulated t decay.

Events/ 50 GeV

100 200 300 400 500 600 700

—
LI |

—
o
TTTT T

107k

_lllll llllllll Illlllllllllllllll

CMS Preliminary 2011

4.7 fb, Vs =7 TeV :
h—] Background Prediction -

w——— MC Truth —

E. [GeV]
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Predicting the MET spectrum; Missing MET

“Missing MET” from 3 | Abse me 1oz meaa
other neitrinos or G 3 CMS Prellmlnary 201 T
3 4.7 fb", s =7 TeV -
lost leptons: g ]
& 2/ — | Background Prediction
C 10E —

) =
“Lost dilepton” events 11 | —— MC Truth 5
with the other W H
decaying as | 3 + Data Prediction —§
W —uv or :
W — tv (hadronic) 107 =g E
Measure with dilepton ! +—:*:
P S U T S ST AU NN NN NN AN N AR O A PR | o

events and T emulation. 19755560300 400 500 600 700
. [GeV]
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Predicting the MET spectrum; QCD

Multijet events contribute via fake leptons to either the w py
prediction sample or the final high MET sample.
Measured based on 1solation shape extrapolation.

CMS Preliminary Summeri1 MC | Ldt=5.01b" CMS Preliminary Run2011|Ldt =5.0fb"

== MC QCD Pred QcD 1 w=@== Data Original
m— QCD Truth DYdets  F

& Data /w MC Sub
Wlets | -—%¥— Data QCD Pred
B TTJets |

F
2
-
()
>
L

Events/0.1

1 1.2_1.4 0.2 04 06 0.8 1 1.2_1.4
IComb IComb

Relative Relative

Negligible for MET; small for w p; large for € py.
Prediction uses only u pr spectrum, w/ a uy—u+e correction.




Predicting the MET spectrum; results

Single 1ept0n MET HT > 500 GeV

contribution dominates. —
CMS preliminary 2011

4.7 fb', s =7 TeV
1eoru,=4jets, HT = 500 GeV

—@— Data

- Total prediction

Prediction for taus/dileptons

Uncertainty dominated
by muon sample size.

SUSY (LM3)
SUSY (LM6)
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Benchmark models
would contribute to

both high and low
MET regions.

200 300 400 500 600 700
E [GeV]




Predicting the MET spectrum; results

Single 1ept0n MET HT > 750 GeV

contribution dominates. —
CMS preliminary 2011

4.7 fb', s =7 TeV
1eoru,=4jets, HT =750 GeV

—@— Data

- Total prediction

Prediction for taus/dileptons

Uncertainty dominated
by muon sample size.

SUSY (LM3)
SUSY (LM6)
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Benchmark models
would contribute to

both high and low
MET regions.

200 300 400 500 600 700
K. [GeV]




Predicting the MET spectrum; results

Single lepton MET HT > 1000 GeV

contribution dominates. —
CMS preliminary 2011

4.7 fb', s =7 TeV
leoru,= 4jets,HTz 1 TeV

—@— Data

- Total prediction

Prediction for taus/dileptons
SUSY (LM3)
SUSY (LMé6)

Uncertainty dominated
by muon sample size.

>
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O
&
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Benchmark models
would contribute to

both high and low
MET regions.

100 200 300 400 500 600 700
K. [GeV]




[Interpreting the results

The cMSSM plane has been a popular benchmark

but 1t 1s constrained...
CMS Preliminary L _ =4.7 fb"',\s=7TeV

"< /5., LS, HT>750(GeV), 95% C.L. Limits: | tan(p)=10
—— Observed Limit Ay=0GeV
m(g) = 1500 Median Expected u>0
Expected = 1 ¢ exprt m, = 173.2 GeV
Observed = 1 o theory =
Expected = 1o theory 3)\\

2
)
)

m(g) = 1000

200 400 600 800 100012001400 160018002000
m, [GeV]




[Interpreting the results w/ simplified models

More directly probes sensitivity of the kinematics.
Use gluinos w/ 3-body decays to x* & %°.

~ o~ o~ ~t -0, =+ ~0 ~ ~
PP > §8:§— qd@ [ ), T — Wi ; m(@)=>m(g)

% 900 CMS Preliminary
% 800 (s=7TeV, f Ldt=4.98 fb”
Z 700 nmsoncer 5
% E
Higher HT cuts better
for higher gluino mass, R T T

gluino mass [GeV]

unle SS 5(0 IS he avy. m() = 0.75 m(zY) + 0.25 m()



[Interpreting the results w/ simplitied models

More directly probes sensitivity of the kinematics.
Use gluinos w/ 3-body decays to x* & %°.

~ o~ o~ ~+ ~0. ~+ ~0 ~ ~
PP —099,9—>qd(x [x ), x — Wx ; m(q)>m(g)
900 CMS Preliminary '

o]
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o
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e/| spectrum g
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O limits improve w/ |
m; and m., - maio. 400 600 B0 00

g g

gluino mass [GeV]
m(%’) = 0.75 m(7") + 0.25 m(g)




[Interpreting the results w/ simplified models

More directly probes sensitivity of the kinematics.
Use gluinos w/ 3-body decays to x* & %°.

mg+ changes sensitivity
by about a factor of 2
on the cross-section.




I will describe
Multyets + MET

Dileptons + jets + MET

Trileptons + jets + MET

w/ or w/0 b-tagged jets




‘Same-sign dileptons + jets + MET

Jets, Hy, and MET N\ N\

X1
. . g ~ .
Same-sign dileptons from 4
. . - )
majorana gluino or ’ k. N

multi-tops.

Potentially many b’s.

~
SS 1s the “anchor”. ﬂ % ~




‘Same-sign dileptons + jets + MET

Backgrounds from:

- Charge flips

- Irreducible rare processes
- Fake leptons




‘Same-sign dileptons + jets + MET

Background from

.. . . :: kmlon
Negligible mis-assignment . electron
from resolution effects; .5+ Photon
the only source for w’s. -

Electron brem’s dominate. . «

Calculated w/ simuluation

N dependent: 1.0-30 x 10* .
Calibrated w/ Z —e*e* data. ]




‘Same-sign dileptons + jets + MET

Background from

ttW, ttZ, W*W=qq, WZ, WWW, WWZ.
Not yet observed, but calculable.
Use NLO o with 50% uncertainty.




‘Same-sign dileptons + jets + MET

Background from dominates.

- Fake lepton from jet.
- Fake lepton from semi-leptonic b-decay.

b-daughters dominate,
particularly for u case.




‘Same-sign dileptons + jets + MET

Measure fake lepton background using the
1solation distribution: Iso=X__ _ E summing

conce

tracks and calorimeter deposits around the

CMS Preliminary Run2011 Jrdt=501"
w=@== Data Original

~—a— Data /w MC Sub
—%¥— Data QCD Pred

i
Q
2}
-—
c
o
>
L

-1
0 0.2 04 06 08 1 1.2 1.4
IComb

Relative

Relative Iso divides out lepton pr.
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‘Same-sign dileptons + jets + MET

Measure “fake rate” a.k.a. “tight-to-loose rati0™
in generic jet data as a function of the kinematics.

For , loose = 150<0.4 and |d,|<2mm
08 CMS \5=7TeV,L =4.98fb" 04 CMS \5=7TeV,L =4.98fb"
é . - @ Data Non-prompt Muons é . é ® Data Non-prompt Muons
07 v simulation 035" v gimulation
z z

0.6 0.3




‘Same-sign dileptons + jets + MET

Measure “fake rate” a.k.a. “tight-to-loose ratio”

in generic jet data as a function of the kinematics.
For , loose = [s0<0.6 and relaxed ID

CMS \5=7TeV,L =498 fb" CMS \s=7TeV,L  =4.98fb"
é ® Data Non-prompt Electrons

é ® Data Non-prompt Electrons

"B ¥ Simulation

"B ¥ Simulation

%07— 507—
f 3




‘Same-sign dileptons + jets + MET

The fake rates depend strongly on kinematics,
e.g., flavor content, particularly for electrons,
and parton pp, measured with away jet pr.

CMS, Vs =7 TeV, |..m = 4.98 fb™
1 - A | B | B JENL (UL ] UL L U [y =
0.9 ;— e away jetp_>20 GeV Muons _i
0.8 ;— s away jet p_>40 GeV —i
0.7 ;— o away jetp_>60 GeV —;
But cannot know osE- E
parton pr in the 0.5F =

signal sample e E
g pic. 0.3F =

TL ratio

=50% syst. uncert. 0.2E—k o =

®o
e X
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‘Same-sign dileptons + jets + MET:

Also look at taus and lower p; e/u (10,5).
Consistency across a range of samples.

\s=7 TeV
o Data

[ ] Charge Mis-Id

B Prompt-Prompt(irreducible)
[ ] Nonprompt-Nonprompt
B Prompt-Nonprompt

=
-2
a 3
=3
S~
o)
L

High
Low P,
(ee/uu/en)
High P,
(ee/uu/ep)
Tau channels
(et/ut/tr)

&

Region 1: Region 2: Region 3: Region 4: Region 5:
H; >80 GeV| H;>200 GeV H; > 450 GeV H; > 450 GeV H; > 450 GeV
ET™>120GeV ET™>120GeV EI™ >50GeV ET® > 120 GeV ET™ >0 GeV




‘Same-sign dileptons + jets + MET:

Requiring >2 b-tags strongly suppresses the top
fake lepton contribution.

There are two b’s 1n top events, but they cannot
contribute simultaneously a tag and a




‘Same-sign dileptons + jets + MET:

Requiring >2 b-tags strongly suppresses the top
fake lepton contribution.

There are two b’s 1n top events, but they cannot
contribute simultaneously a tag and a

CMS, (s =7 TeV, L =4.98 fb™

0O 200 400 600 800 1000 1200 1400

H, (GeV) H; (GeV) E¥




‘Same-sign dileptons + jets + MET:

High HT or >3 b-tags gives very low background
probes for 4 top signatures.

No. of jets
No. of b-tags
++/——
> 50 GeV
> 200 GeV
Charge-flip BG | 1.4 £0.3 . . S =0. 03+£01 |012+£0.03|0.03+0.01 [0.008 £0.004 | 0.20 £ 0.05
+0.8 |0.15+045| 0.15+045 1.6 +£1.1
1+05 04+0.2 0.12 £0.06 1.5+0.8

Fake BG 47+26 | 34420 | 18+12 | 03+05 | 15+11 | 08
RareSMBG | 40420 | 34+17 | 22+11 | 06+03 | 21+10 | 1.

Total BG 102+33 | 79+26 |45+17 | 1.0+£06 | 39+15 | 20+10 | 06+05 | 03+05 | 33+14
Ny (12% unc.) 9.1 7.2 6.8 5.1 7.2 17 2.8 2.8 5.2

Nur (20% unc.) 9.5 7.6 7.2 5.3 7.5 48 2.8 2.8 5.4

Nyr (30% unc.) . 7.9 7.5 5.7 8.0 5.1 2.8 2.8

45



Same-sign dileptons + jets + MET:

Limits in cMSSM similar to others, almost.

. =4.98107, {s=7TeV

tan(p)=10
A,=0GeV

u>0 m(g)=2000 1
m, = 173.2 GeV .

m(g) = 1500 1

m(g)=1000 ]




‘Same-sign dileptons + jets + MET:

High HT or >3 b-tags gives very low background
probes for 4 top signatures.

CMS, (s =7 TeV, L|m_498fb‘

" Same Sign dileptons with btag selection -
S 900 Exclusion o™ = gNLONLL . 1 g E

400 m@) =150 GeV |
W0 mhosocev 7 :

- -

10& PN SN N NN TN TN T S N S ST T [N TN S N TN N T S S S AN ST Y T
0 500 600 700 800 900 1000
m(g) GeV




‘Same-sign dileptons + jets + MET:

High HT or >3 b-tags gives very low background
probes for sbottom decays through stop.

CMS, (s=7TeV,L  =4.98fb"

s 100017
o = Same SIQn dlleptons with btag selectio 2
O 900 m(x)=50GeV =

W& anok Exciuslon oProd = gNLO#NLL , 1 E
£ - :

A’ ~..~"~
p.sani \

7001 3
600F :
500 E_ m(;“(‘:) = 300 GeV / =

=2 =
400 m(“ﬂswevg 1"

300} :

200)0""200 500 600 700 800 900 1000
m(g) GeV




Summary: Many others...
Multyets + MET

Dileptons + jets + MET

Trileptons + jets + MET

w/ or w/0 b-tagged jets




Summary: Many others...

CMS Preliminary L  =4.98 fb',\s=7TeV

| | | | | | | | | | | | | | | | | | | | | | | | | | | I—
(B)=10
A,=0GeV
“50 u>0
[ ~
m(g) = 1500 m, = 173.2 GeV

LEP2 [~
. LEP2 % 11

m(g) = 1000

A

500 1000 1500 2000 2500 30
m, [GeV




Summary: Many others...

CMS Preliminary I -
m(mother)—m(x") =200 GeV o
T1: g—qqx’ |1.1 fb!, gluino -
T1tttt: g—itx) |4.98 fb !, gluino .
T2: 3—qx" |1.1 fb !, squark -
T3w: §—qq(W)X" |4.98 fb! gIF
T3Lh: g—qqx5 X’ [4.98 fb!, gluino -
T5zz: §—qqxs [4.98 fb~!, gluino -
T5Lnu: g—qqx™ |4.98 fb !, gl_

TChiSlep: ¥5.x~ =" %" |4.98 b, neLlaIino/chargino

0 200 400 600 800 1000
Mass scales [GeV]




Summary: Many others...

And many more to come...




Accelerator running well; high and mcreasmg Ium|n03|ty




