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Hi Pt Jets

« Calibration and SM recovery
* Di-Jets

* Quark Composites?

Exotics — Long Lived particles, Black-
Holes

Photons and Diphotons —

b Tags

v, X wW,z,2-> T pairs :W 22 ?
V-V Pairs

Top pairs, Z’ ?
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CMS

Jets — Gluon orQuanke: m

CMS Preliminary Jet composition

Calgon T, - depends on Pt. very
-l-_’__‘———____'-‘—‘.-.- roughly

= <X>~M/\/_~2Pt/\/§

10-1 Recall that u > g for
x>020rM>28

TeVorPt>14TeV

Fraction of Jets
] T 01 III|

Most LHC processes
are gluon initiated.
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CMS
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Expect 1/M3
behavior at low
mass. When M/\s
becomes
substantial, the
source effects
will be large. E.g.
for M =400 GeV,
at the Tevatron,

M/Vs=0.2, and

y oy L -
=5 =R =X =X
E s o

M3 do/dM(pb*Gev?d)

-
(o]
o
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(1-1\/1/\/8)12 is ~ 10610“ | - |1éf | T
0.07. M(GeV)
P+P—>0+g

xg(X)~ 7/2(1—x)°
M3do/dM ~ (1—M /+/s)?
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CMS Parton-->Hadron

Fragmentation
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T z=k/P
For light hadrons (pions) z..<2<1l, z. .. =m_ [P
as hadronization products, 7D(z) = a(l-2)"
assume k is limited (scale .
~A. The fragmentation <n>=[D(2)dz ~a [dz/z~aln(P/m)
function, D(z) has a m/p
radiative form, leading to a dy=dP /E ~dz/z Plateau widens

jet multiplicity which is
logarithmic in E

<n>~ Ay ~In(/s/M) with s, <n>~In(s)
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CMS | ,
S and DI=Jets

* In the minbias calibration sample look for events
passing jet algorithms. Get an estimate of the L1 and
high level trigger and reconstruction efficiencies. For
10 million minbias have ~ 20,000 dijets with Et>30
GeV.

o As L rises, impose a Jet Trigger. Check the cross
section vs Pt and Mass.

* Check the angular distribution.

e Establish the MET distribution. Check that tails are
consistent with ISR, FSR.

 Use di-jets, when understood, to cross calibrate the n
“rings” of the calorimetry using jet balance.

e Having established di-jets, launch a Jet — Jet mass
search .
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Figure 1: Left: Calorimeter asymmetry distributions with different plﬁﬁ cuts for SISCone (R =
0.7) jets with 125 < pT® < 160GeV and |5| < 1.1. Right: Extrapolation lines for both SISCone
(R = 0.7) calorimeter jets and generated jets in the same p7™ and ; range.

o(p, VP,

Figure 2: Comparisons of jet pr resolutions from the asymmetry method and MC truth for
SISCone R = 0.7 jets with || < 1.1 (left) and 1.6 < || < 2.7 (right). The statistical uncertainties

correspond to 10 pb_1
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Determine Jet
energy
resolution from
jet-jet energy
asymmetry.
Must cut on
extra jets in the
event and
extrapolate.
Force the dijets
to be back to
back
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CMS

An early measurement is
the jet azimuthal
decorrelation - due to ISR
and FSR.

¢ p7** = 800 GeV (x10°)
© 500 = p7** = 800 GeV (x10%)
2 300= p:“ = 500 GeV (x109)
o 200 = p:“ = 300 GeV (x10)
o120 = p:“s 200 GeV
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T IIII|T|

Sim-Data (L=10pb™)
CMS Preliminary
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lyl =1.1
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CMS = . -
“Contact” Interactions

At CM energies well below the new physics there is an
effective interaction, like G in the Fermi theory.

*On the tail of an S wave BW resonance, the effective
coupling is ( n.b. interference) , M propagator

2 a 4
O o newS/ M new

new

» At higher CM energies one begins to see an s channel
propagator or a t channel exchange peak.

*The point-like SM processes go like Oy ~0f /§

*The interference term would go roughly as

2
iaOlnew / M new

*Ratio grows with partonic CM energy s (o /a)(S/M

new

new)
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2 High Ealialls

With 10 pb* we can see new physics beyond Tevatron exclusion of L=< 2.7 TeV.

ui[tate of QCD and Contact Interactions ) Sensitivity with 10 pb'*
:.h -I E I L I L LI LI I LI I LI I LI D
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But worry about systematics - e.g. test beam data on pions
only goes to ~ 300 GeV, or jets ~ 1.5 TeV
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dM / d cos g*
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10/

_Dijet Angular Distributions

Sub-process

e Spin 2 - ofgg (G)

t-channel {~QCD)
Spin1/2 -=qg (a”)
Spin i -= gg {2

CMS Preliminary

In|<0.7 / 0.7<|n|<1.3

Ratio

Dijet Ratio vs Mass
~— RS Grav. for GendJet

| —=— q" for GenJet

== T for Gendet

| —— Z for CaloJet .
3] =—— QCD Py

CMS Preliminary P

QcbD

1000 2000 3000 4000 5000
Resomance Mass (Gel)

Establish low Pt cross section, mass distribution and
angular distribution. Then look at high mass. Discovery
possible very quickly - ~ 3 TeV for 100 pb-1

LPC Lectures, Feb., 2010
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The di-jet mass searches for excited
quarks or contact interactions or ? Will
be the earliest LHC search - with fairly
low luminosity.
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CMS

¢ Several SUSY variants predict
metastable or stable charged particles

- Slepton: "heavy muons”
- Gluino, squark: “R-hadrons”
* nuclear interactions!

e Signatures: dE/dx, Time Of Flight
dE/dx: Tracker
- >10 independent samplings in Si
- Estimate the Most Probable Value
TOF: Muon Chambers
- ot additional parameter in the track fit w0kl
- Main bkg: cosmics ¥ 4t m Em b ol

Mass (GeV)

U200 400 600 S00 1000 1200 1400
P iGeV)

[
-
2%
— s

ki
(=] o

.
L, (pb) to observe 3 events
L=}

—
T TTT

§_
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CMS

The Planck scale is the one at which gravitation interactions become large.
if gravity becomes strong at the TeV scale, the results could be quite exciting.
If there are extra dimensions, the formula for the Schwarzschild radius becomes

s LI+l
Wy e+

. (M, (8T(n+3)/2) ‘
# 4+n) JEJ'J‘ 5 _JH‘ \ n+2 'y
(M,=2TeV .M, =4Tel" . r =100 fin)

Cross section would be large at current limits on

M*, n

0= TF

(300 pb for example above without Voloshin damping factor

20 pb with = 3000 events in 300 pb-1 (factor 2 from 14 to 10})
Since gravity couples universally
to mass, black hole will emit all
particles “democratically’ Thus
look for rare, weakly produced

particles - W, Z, ....
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CMS . _
Establish ME
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Direct Phc

G, u->hA, u

Diff. cross section [pb/Gel]

ﬁa 1 IlllllﬁEg |

+1+1 *
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ti
i
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1-§ 1+1+11¢*1d1*1+1ttf + ‘
i |
: T
10°-2 Jw *
| wﬁﬂ fﬁﬁﬁ

ton ProducCtiGn=yEay

Compton scattering.
Expect a similar
spectrum to di-jets
with a rate down by
ratio of coupling
constants and
differences in u and
g source functions.

o/o,~14
u/g~6 at x~0.

LPC Lectures, Feb., 2010
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CMS

 Photon + jet balance analysis

o Z + jet balance will give valuable confirmation but
samples will be small

p,(let) /p. (1)

-t
.
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0—3 B -

a 0.2748 + D.01382 a 0D.2555 + D.02075
B m D.4655 + D.04219 m D0.4408 + D.O700D3
- [~ D.935 + D.D1369 [~ D.9242 + D.0D1965
: di
- e

——

> vy jet only
« vjet+ QCD bkg
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MC truth

|- | l | | |
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Py [GeV/c]
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Di-photons a
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T"‘"‘ 103 —SM E
=2 5 ----- SM+LED E
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E » 4
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E C ]
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= : )
T F 3
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] 200 SH00 iS00 B00 1000 1200

e
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Gravity couples to all mass “democratically”. Therefore look
at rare processes with SM weak couplings. LHC will be in
new territory by 100 pb-.
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aviton In DIFPRnolons

Figure 1: Feynman diagrams for virtual KK graviton production through 44 annihilation de-
caying into two photons (left) as well as for SM diphoton production (last two diagrams).
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CMS i ] ! | |
RS Gravitons in DiFPhoions

E F B BT PR IR

: : CMS Preliminary E Randall-Sundrum Graviton decays to 2 photons
8 ol — M, =750 GeV/c® | Mass = 1.5TeV
et 10 E M, = 1000 GeV/e® 3

S — M, = 1250 GeV/e®

2 , — M, = 1500 GeV/c® |

g 107E kM= 0.01 3

2 ) 3

—

S s=10 TeV

3 10°F 3
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= » 3]
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gt luloc] o2
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g E o iinhal gl ﬂ |_| HE
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Figure 2: Diphoton invariant mass &.;p(.‘ctra after selection is applied, scaled to 100 pb_1 for
My = 750,1000,1250, and 1500 GeV/c?, k = 0.01 samples.

For 100 pb-! there is a
discovery reach for di-
photon resonances.

LPC Lectures, Feb., 2010
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LHC-2010 Run, First 10033155

Lfor1 | Integrated L | Trigger Process Comments
month
run
1028 10nb- o, ~ 600 nb. Setup gt+g -> b+B 900,000 JJ, 6000 bB,
= run smgle 1200 1!4’ 60 2”
electron, muon, . .
photon Establish p jet tag
7 80 2e and 2 events from v
1029 100 nb-1 Setup dimuon,
dielectron q+Q->W->p+v 1000 p from W->p + v
o, ~10nb (D-Y) Lumi — standard candle (look at high Mt tail)
Y 100 2e and 2p events from Y
1030 1 pb™ Run dilepton trigger | q+Q->Z->u+p 1500 dimuons from Z-mass scale, resolution
O~ 1.5nb (D-Y) Lumi- standard candle, high M
oy~ 630 pb g+g->t+T 600t + T produced
1031 10 pb-1 Setup, J*MET 400 Z + J events with Z->dimuons - Z+J balance, calib
Cqun ™ 40 pb g+q->Z+q->utpt+q | Estimate J+ MET (q +v)
Cp~ 24 pb q+Q->y+-y (tree) 240 diphoton events with M > 60 GeV
6000t+T
T 150 Z->tau pairs into dileptons > 8 GeV * MET > 15 GeV
1032 100 pb- ~170 pb g+g->q+Q+Z 3000 J+J+Z->vv events, Pt>30
Cqg2g ~32pb g+q->q+g+Z+g 500 J+J+Z->p+u events, Pt>30
600 J+J+J+Z->vv events
oy~ 630 pb 10000 J+J+J+J+p+v events
1033 1 fb' (1% of M of dijet in 100000 top events, W-> |, +v — set Jet
design L for energy scale with W mass. Dimuon mass > 1 TeV, start
1 yr) End of discovery search, diphoton search, SUSY search
’08 Physics
Run

LPC Lectures, Feb., 2010
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b Tagging

50% b
2% u,d
10% c

o
©

Identify b Jets using muon Pt relative
to jet axis. Tracking alignment crucial.

Or impact parameter. Or secondary
vertex.

Establish b tagging. Check with top
pair events. Note that

Earliest attempt to establish b tags
comes with b jet events.

(cr), ~450um, (cz), ~87um

R & 5
pflf-"GeV

o
[e)

b-jet Efficiency

iy
C

——Counting__|

Systems8

CMS preliminary |

Ilj.lll [

0.pb’
Stat. érrors.only ;
illlilllilllilllil

100 120 140 180 180 200 220

240

Jet p_[GeV/c]
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CMS

b Wi 5
tc,u |d v
s(d) -
b) W",iﬂ
B(B! - uTu~) < 16x1078.

At 95% C.L. the upper limit on the branching fraction is B(B! — u~u~) < 1.9 x 1075

While this upper limit is about four times above the SM expectation, it allows already con-
straints on new physics models with the first 1.0 fb~! of integrated luminosity. A better de-
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& (pb)

G*B *x,

CMS

Dilepton Resonance

Di-lepton Cross Sections for Vector Mesons

[t

:)

b I‘ :
’ —— psi _
10°F | e_
F — upsilon ]
%
- 2
10" E . __
103 E fite P ey é—:
C \ :
r \\
107 E \ __
b .\.\
%,
10' L ..\\m _
10° I‘ I
1OD ) 10

Lepton Threshold (GeV)

— 100

nb

nb

If thresholds of
3to 4 GeV can
be used in
triggers, then
high cross
section
resonances can
be used to
establish
Tracker and
Muon
alignment and
check the mass
scale and
resolution.
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CMS

CMS Preliminary

CMS Preliminary -‘a‘ LI L I I L
i A A lmmmsw > Inclusive J/ : \s=14TeV, |n[<2.4 -
E . b—=Jdiy -E :

o T000 . E ®* Fit result
Eﬁﬂm — . QCD background =
€ T 1ok
gaﬂm - %} i — Monte Carlo
LlJm g
o 88
2000 . ’
1
1000 1D1 | . ]
QIE 2.9 3 3.1 3.2 3.3 3.4 55| 11 |1IOI 11 |1 |5| 11 |2|Dl 11 |2|5| 11 |3|O| (| j|‘3|5| 11 ﬁo
M(u*w) (GeV/c?) p_ (GeVic)

Largest cross section resonant dilepton state.
Set momentum scale for tracker. Note the
cross section scale is ~ 100 nb.
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CMS

Upsilon Production

[y

pb-![@3 days at 103! at 30% efficiency

5

Events par 1 pb™’

z

10°

10

. Direct onia Use di-lepton
resonances to
.Drella‘fan check
momentum
scale and
momentum
resolution at
3,10 and 91
GeV mass.

LLUBNE b B 4
Mass {GeV)
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Mass: e u 1t d s
(H @ @O G) 3)
<p>=1/2G\2 =174 GeV
G/\/EZQ\IZV/8MV%/19WSIn9W:e W— --------------
Width;

e +v, u +17ﬂ, T t+v,
W™ —»e +v,)=(e, /12)M, ~0.21 GeV

u+d,C+s
Iy ~9rW- —e +v,)
N(Z —v,v,)=[e, /24][M, [ cos® §,]~ 0.16 GeV Color factor of 3 for
quarks. 9 distinct
dilepton or diquark

final states.
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CMS

10° ¢

U W+ N2
> - <
d el

10" -

U> _E_ <E2
u E2

At a fixed
resonant mass,
expect rapid rise
from “threshold” - '
Ao ~ i

(1_W,\/ S) 2a 10° 10° sarts) (GeV) 10" 10°

- then slow

“saturation”. o, ~ _ P _ R
30 nb at the LHC U+tu—>2Z—->e +e,U0+d >W e +v,

oB{W->etv),cB(Z->e+e)
=
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CDF and DO Runll Preliminary

Standarc

3.5

pp— WHX = Iv+X

1.5 Y CDF(1)

*DO0(e) ®DO(u)
Runll ACDF(e) W CDF(u)

Runl  %DO(e) O DO(u)
ACDF(e) O CDF(u)

--.,JIIIIIIIIIIIIIIIIIIIIIIIIII
—

175 1.8 185 1.9 195 2
Center of Mass Energy (TeV)

— —

2.05

VW Canoiey:

Use W -> 1 + v as a “standard
candle” to set the LHC
luminosity? Expect ~ 2%
accuracy on the predicted cross
section. Cross section for W->
U +v with [n|<25*Pt>15
GeV is ~ 10 nb. In isolated
muon triggers look for MET
and for Jacobean peak
indicating cleanly identified W
D-Y production. Once
established, look at transverse
mass tail in isolated leptons. In
new territory above Run II

mass reach - start a discovery
search in 2010.

LPC Lectures, Feb., 2010
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CMS
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Very quickly the searches will be
systematics dominated.
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CMS Ra ile)=lple] 1/

S

W+ — d
— W-

|

P

At Tevatron, with valence quarks - since valence u is >
valence d, the W+ goes in the p direction and the W-
goes in the anti-proton direction. Sensitive to PDF
valence distributions

LPC Lectures, Feb., 2010
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Lepton Asymmetry atalievairon

v

y 3

Positron goes in anti-
proton direction

e+

We must simply assert that the VV-A, parity violating, nature of the weak interactions makes
light quarks and leptons, (u,d,e”,v, in the first generation) left handed (negative helicity,
where helicity is the projection of spin on the direction of the momentum) and the corresponding
anti-particles, @,d,e",, , right handed (positive helicity).
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CMS [ ) ) ' ; i
| CDF — Lepton/Asymimeidy,
£ E CDFIL 170 pb
£ TEE >25GeV
€ 035
w02
(=} —
_50.15—
E o
U —
®.0.1F
' E — CTEQ6.1M
0.2 —
GTE - MRSTO2
-0'4 §_ MNLO RESBOS (F. Landry, et al. Phys RevD6 7073016 2003)
055 Y T ¥ S B Y
n

d/u ratio favors u ==> W+ in p direction

Positron goes in antiproton direction ( lepton not W), electron goes
in proton direction ( 2 competing effects)

=» Charge asymmetry, constrains PDF (ratio - systematics robust)
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CMS Preliminary:

t

;

p.>25 GaV, p.>20 GeV

[ | pp—=Wiuv)«X [Pythia 6.0+CTEQGM)
. CMS simulation {uncorrected)

Statistical error

— Systematic error

0
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Muon Asymmetnysatisiie

At LHC for 100 pb-!
begin to confront
PDF uncertainties.

Backgrounds are
small - QCD and
D-Y.
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*Pythia6 in ROOT
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*Helicity NonConserving (HNC) model

Once the W is established, look in the BW
tail for discrepancies. Could be a
resonance or a “contact interaction”
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“Jacobean” peak for resonant W’ is
mass is accessible. Note the low mass
tail due to FSR and due to PDF falling

with x.
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CMS
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Must use the MET to reconstruct the W
(quadratic ambiguity) . With parent u+v
system, the decay angle can be
reconstructed. This is a good
discriminant.

LPC Lectures, Feb., 2010

36



CMS

Z Decays in

oy -
2 7
=
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R E
koL
5
L 17
)
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] I ] ] ] I ] ] I ] I ]
CMS Praliminary ju:n =10 pb’

e dl-jcts ¥ T
et Slgnal+Bkgd =
Wjets
fIZ =ty

&) gD 100 120
M,... (GeVicd)

The dilepton
“tag and
probe” -
extract data
driven
efficiencies
for leptons -
e.g. e trigger
efficiency.
Backgrounds
are small so
purity for
clean tagging
is very high.
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Z Production = Muens
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SM Z - check mass
scale, Z resolution,
width and FB
Asymmetry. Use Z
signal for “tag and
probe” to get lepton
efficiencies.
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CMS

+ Very unique technigue: electron
reconstruction with the CMS Forward

Hadron(HF) detector, longitudinal
shower information..

ex A
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Using Forward Calerineiidy,
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Largely extend the acceptance
(rapidity from ~2.5 to ~4.0)
—lower x 1n parton kinematics!

L L L B

XX, =M?/s
X, =M /\/g[eiy]
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Z -> v + v is irreducible. Use leptonic Z decay to
estimate (low statistics) or use photon as a signal
which is dynamically similar to Z.
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Figure 1: The transverse jet energy resolution (left) and JER (right) for raw calorimeter jets and
for every step of algorithm described in sub-sections 2.1, 2.2 and 2.3.

Energy resolution can be improved using
tracking by ~ 2 x at low jet energies. Linearity is
also improved.
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Establish MET with SM processes: e.g. W
leptonic decay, Z -> v + v and top decays. When
validated use MET as a tool for probing new
physics. Use particle flow and tracking
information to improve MET resolution by ~ 2x.

.
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=

&
[
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CMS

Q=T,+Y/2

g\; =T,/2-x,Q
g:\ :_T3/2

X, =sin‘a,

0, =-1/4=-g, =9,

g, =1/4-2x/3

g =—1/4+x/3

g, =—1/4+x

0c +0:=1/8[1-4|Q|x+8Q%x’]

EW Coupling| of FERMIGHS

For EM processes, u
quark dominates d
by factor 4 in
coupling. For EW
processes, u and d
quarks have ~ equal
coupling strength.

Asymmetry at the Z
depends only on
known EW
couplings. Prediction
is quite solid at the
LHC. In principle
measure the
Weinberg angle
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CMS -
Z Decays

*Off the Z peak there is a Z/y D-Y interference.

*At the Z peak, the F/B asymmetry is non-zero
due to EW P violation — V/A interference.

s ~ [0y 921007 9R1/1(9:)" +(9)°11(9)" +(92)°]
do/dcosé ~ (1+cos® 0) +8a,, COSH
sIntegrating over the decay angles

cosd >0—-N.,cosd <0—- N,

N. =4/3+4a,, N, =4/3—-4a,

Arg = (NF - NB)/(NF T NB)

=3 g
Al =0.105, A%, =0.143
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CALCHEP Asymmeuy; .

u,ub -»>e2,E2

Asymne try

Asymmetries are
large. The issue is
that the LHC is a p-
D p collider and we
need to find the
direction of the
quark and anti-
quark. We
ASSUME the quark
is a valence quark
and has higher
momentum than

S R 4 the “sea” anti-
quark. Take Z boost
direction to be
quark direction

I
58

" Asymmetry

5a
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Having established Z decays into dileptons, (mass
width, asymmetry, cross section), look in the BW tail of
the Z for new physics. At 100 pb-! start to probe the
“terascale” - masses ~ 2 TeV.
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| Establish taulin Z\DEcays E

Z -> 1 + 1 decays as with muon and electron
pairs.

G Decays

Q ............................... v appear 1n
; W - dilepton

trigger
1 stream. BR
is 35% for
v tau into
muon or
electron.

‘e
L2
.
.
L2
.
L2
.
.
L2
.
.
L2
.
L2
.
.
L2
.
L2
.
DR
.
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Z Decay to Tau Rairsi=Gollinedl;

SM “candle” for tau -
third generation lepton
important in many BSM
scenarios.

Assume collinear
neutrinos. Then have 2
Eqgs in 2 unknowns. Must
cut on determinant

det =sing,,siné,, sin(¢, —4,,)

M 7 - \/Z(Eﬂ + Evvl)(E£2 + Evv2)(1_ COS H(lﬁZ) | det | >0.005 is ~ 70%

efficient after cuts on Pt
of the leptons and MET.
METX=E ,a.,+E, 2,

METy — E Vvlayﬁl + Evv2ay£2
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CMS . s
Di-lepton Search forz=>

* Data
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Having established clean electron, muon and tau
“objects” a look at di-lepton masses can be taken with
some confidence. The top pair background dominates
the dilepton mass spectrum at high masses - SUSY.
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Extrapolate to LHC energy. COMPHEP gives a D-
Y WW cross section at the LHC of 72 pb.
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Combined Vector 50SONSE

WZ

“at least 1 lepton” sk ome 1 e o
6 CMS CIWZ(30) -
TeU} (pb) 300 ph -1 ;_ mZ7 :
WZ 48 .26 ak 10:— E
7z 15 12 0.5k °F r
B -
4r
2F
WZ with 3 leptons, 350 pb-1 - : - 5
T 95775 80 85 90 95 100105 110 11!
evetes prete eptp eptps | Total | Efficiency MU ). GeV/c?
W= == | 48 29 251 0| %8 alh (1), GeVic
7 led 1M 1Al 151 | 518 | 47%
1] 11,93 1.3 - 031 | 279 | 0.02%
at il - - A5 490|114 0oosy
et i 121 152 - - A3 | OL05%
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CMS Combined Vector'Bosons
WY

T T R No Z peak in this case.
il o | - Backgrounds from
Wzzwz

ANE single W, VV, DY and
: Top. Clear signal for
100 pb-l. Start to study
_ V-V scattering at the

50 100 150 200 250 3;]( LHC

Mass [GeV/c?]

Figure 4: Dilepton mass distribution for the final event selection scaled to 100 pb_1 ofintegrated
luminosity
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Figure 5: Missing transverse energy distribution for the final event selection scaled to 100 pb‘1
of integrated luminosity
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CMS Preliminary
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Figure 14: WZ invariant mass distributions for signal (ot = 225 GeV) and background samples
(left). WZ invariant mass distributions for signal (pt in the range 300-500 GeV) and background
samples (right). The distributions are normalized to an integrated luminosity of 1 fb~!in order
to improve visualization.

The Higgs is a
hypothesis not a
fact . Higgs could
be a dynamical
object - top pair,
deeply bound
condensate in
analogy to
superconductivity
- from Landau-
Ginzberg to
Cooper pairs. New
force for binding,
technicolor. Find
strongly interacting
bound states.
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CMS

Top Dileptons

Top dileptons

CMSPIEIImIIn.-]- : c:?_:- ii : y . . ':'g:‘::_
165 -E"r:':
b3 —_—
No b tagging :: -
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—
14 Tel 6k
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Figure = The expected number of dilepton events in 140 p'b-" as a function of jet mulliplicit
In ee (top lefth pp (fop rght), ep (bottom ke ft), and all channels combined hatborm right). The
figwnes shose contributions from IF (vellonr), WW [red), W (dark blue), 22 (green), W-sjets
[gray), DY — o (black), D% — ¢e (magenta), and DY — pp (cyan).

Establish top pair SM signal in dilepton final state - clean
but low statistics. Top has SM “candle” with leptons, jets,
MET and b jets.
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Candidate Events

0 bt 1 et 2 et 3 bjat 4 it

CMS Preliminary @ 20 pb™

* Pseudo data CMS Preliminary 20 pb
B ttbar

10* [ISingleTop
CW+dets
=Z+JE't5 EEH
VW+dets ;
103 EmacD ﬂrg?etiﬂp g-ch
single top t-ch
.ftjngle top tWe-ch
tets
102 :
10
1
1 2 3 4 5 =6
0 bt 1 bt 2t bt A bt
inlici Number of b tag jets
Jet multiplicity 9]

Ask for a lepton plus jets. Background from
W+n] is largest. If b tags available early,
then S/B will be quite small.
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CMS '
Reconstructed TiopiViass

CMS Preliminary 20 pb” ,
timdy Check jet energy

i scale with
‘00 hadronic decay of
the W. Check b
tag efficiency
=%<:n i with 2 b in final
+jats - o
[ ke o S state. Establish
[ o ich MET scale. Top is
C e S a very useful SM
- - “standard
N candle”
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CMS

Z’ in Top Pairs¥

=2 Jets 1 Muon CMS preliminary 200 pb™

a0l
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0 st
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Figure 1: Reconstructed top-quark jet in cylindrical view with pr = 800 GeV /c. The cones
represent the subjets. The HCAL and ECAL deposits, and the subjets are indicated on the
figure.

1000 2000 3000 4000
Reconstructed I.'h [GeV/ cﬁ]

Many new physics models have resonances decaying to
top pairs. At high mass the top decay products merge into
a single jet. Need to develop tools to discriminate between
aQCDjetandatopjet->b+W->b +u+d.
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CMS o
_ Problems;=ii

1. Find the W and Z branching ratios
using Calchep and W->2*x, Z->2*x

2. Find the cross section for u+U->A+A.
Compare to Figure in the lecture.

3. Evaluate the p+p cross section of top
pairs as a function of CM energy.

LI - formalism and introduction
LII - rediscover SM -> LIII Higgs < LIV - SUSY
ED etc...
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