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Ex: Gluino pair production
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Gluino final states
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Widely-spaced jets, no significant
hierarchy in transverse energies
and missing Er



Typical analysis cuts (ATLAS):

24jets, ET>50 GeV leading jet Er>100 GeV

no lepton with E+>20 GeV
MissET> max(100, 0.2 Mcs)

Mets = MET + > i-1,..,4 ET

Transverse sphericity > 0.2
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SM Backgrounds

Missing energy = vs = W/Z production

“Irreducible”: individual events cannot be distinguished from the signal

Z+4jets, Z— vV

“Reducible”: individual events feature properties which distinguish them from the
signal, but these can only be exploited with limited efficiency

T jet has low multiplicity, and
W+3jets, W— TV, T7hadrons (jet) originates from a displaced
vertex, because of Ts lifetime

e/J can be detected, but cannot be
vetoed with 100% efficiency, else the
signal would be killed as well (e /4 may
come from TT conversions or decays)

W+4jets, W— e/l Vv, lepton undetected

In addition to the above, top decays
tt & Wjets, with W— leptons as above  have b’s, but these cannot be detected
and vetoed with 100% efficiency



“Instrumental”: individual events resemble the signal because of instrumental

“effects” (namely instrumental deficiencies)
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The missing ET may originate from several sources:

Mismeasurement of the energy of individual jets

Incomplete coverage in rapidity (forward jets undetected)

Accidental extra deposits of energy (cosmic rays on
time, beam backgrounds, , electronic noise, etc.etc.etc.)

Multijets
T ] |
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It is sufficient that these effects leave a permille
fraction of the QCD rate for the signal to be
washed away!



Z(—VW) + jets

1. Shower MC vs Matrix element results
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Normalizing the bg rate using data ...

Use Z->ee + multijets, apply same cuts as MET analysis but replace MET with ET(e*e’)

Extract Z—VV bg using, bin-by-bin:
(Z—VV) = (L2 ee) B(Z—VV)/B(Lee)

Assume that the SUSY signal is of the a
same size as the bg, and evaluate the I
luminosity required to determine the
Z->nunu bg with an accuracy such that:
N, > 3 sigma

susy
where

sigma=sqrt[ N(Z—ee) ] * B(Z—VV)/B(Z—ee)

=> several hundred pb™' are required.They are sufficient if we believe in the MC shape (and
only need to fix the overall normalization). Much ore is needed if we want to keep the search
completely MC independent
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W(—tau-jet V) + jets
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Missing
energy

Top final states
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Rest frame

f’

Boosting the top ...

Top final states
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Top final states
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Large Meff leads to highly collimated final states

Sphericity and multi-jet cuts very effective against
the leading-order t-tbar contribution!
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All jet multiplicities contribute at approximately the same level!!



Instrumental sources of misskT:
incomplete calorimeter n
coverage

Undetected jet
= missing ET

~ ~
Nmax

O(jet-jet with MET> Eto) / a(pp— X)
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Er (GeV) = probability 20x larger



Instrumental sources of missgT:
jet energy resolution

A




Overall result, after the complete
detector simulation, etc....
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Adding leptons ...

S.Asai et al, ATLAS

Effective Mass 1lepton SUSY
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Some properties of rates
for multijet final states
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Multijet rates

ET°t>20 GeV

Er*t>50 GeV

O [Mb]

Njet=2 [ Njet=3 | N jet=4 | N jet=5
350 19 2.6 0.35
12.7 0.45 0.045 0.004
0.85 0.021 0.0015 0.000|

0.054
0.035
0)

0(3)/0(2)

W ET>20

0.0/71

a(4)/0(3)
W ET>50

o(5)/o(4)
ET>100

® The higher the jet Et
threshold, the harder to
emit an extra jet

® When several jets are
already present,
however, emission of an
additional one is less
suppressed 22



Multijet rates, vs Vs, with Eti¢t> 20 GeV

O [Mb]

Vs > 100

GeV

\s > 500

GeV

Vs > 1000
GeV

N jet=2|N jet=3 [N jet=4 | N jet=5
75 17.3 2.6 0.37
0.27 0.47 0.30 0.13
0.012 | 0.021 | 0.022 | 0.031

High mass final states are dominated
by multijet configurations
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W+Multijet rates

O0xB(W—eV)[pb]|N jet=1|N jet=2(N jet=3 (N jet=4(N jet=5|N jet=6
3400 1130 340 100 28 7
230 37 5.7 0.75 0.08 0.009

Er(jets) > 20 GeV, |n|<2.5,AR>0.7

a)o(l) oB)/o2) o@4)/aB3) o(5)/a4) a(6)o(5)
W LHC

B TeV

Ratios almost constant
over a large range of
multiplicities

O(;) at Tevatron, but
much bigger at LHC
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Wbb+jets rates

3.00

2t Pattern of

1.50 multiplicity distribution

0.75 very different than in
0 W+jets!

i .
N

N=0 N=I N=2 N=3 N
B Oo([W—Iv] bb + N jets)[pb] , LHC

In pp collisions (contrary to the Tevatron, p-pbar) :

Njee=0 « &> x Lum(q gbar) = Niee=l « &s* x Lum(q g)
> munamm VAVAVAY,
Y Beware of

nhaive O power
S counting!!
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Leptons

Experimentally, electrons, muons and taus are entirely different
objects. Their identification requires different components of the
detector, different techniques, and is subject to different
backgrounds.

As seen from a theorists, all leptons are produced the same.
Nevertheless there is a large variety of possible production
mechanisms, each one of them leading to different overall properties
of the final state.When considering leptons as a signal for new
physics, it is important to have a clear picture of their irreducible SM
sources
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Single lepton

Sources of single high-pt leptons:
e W—elu+v
o /TT2e/lp+ X
e b—e/p+ X
e t7Wb—e/lu+v+b
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Differential Rates

Solid: b quark
Dashes: top quark
Dots: W

At large pt b and t production ~ equal !

At large pt,W and heavy quark production
~ equal!

28



Differential Rates

106 T T T T T T T T T T T T | T T T T | T T T T
- - ® At large pt b and t production ~ equal !
3 Ll L. _ )
10 SlieR 19 EES ® At large pt,W and heavy quark production
L Dashes: top quark |
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KW — | - , N 10! | | |
epton is a 2-body decay, b/t = leptonis @ -
. P
3-body: lepton takes a larger fraction of © @B | T |
momentum in W decay => harder spectrum, 2 Tk
larger rate at higher pt in W production :; 10~ - Ty, —
o
*The global features of the event accompanying E 1072 — ]
the lepton will clearly be very different in each s
: : . 1077 — ]
case.Which of the three processes will dominate
in a given analisys, will therefore depend on the o4 Lo o Lo L b by
0 100 200 300 400 500

details pt lepton (GeV) 28



How come Q and W spectra
are comparable at large Et?

29



How come Q and W spectra
are comparable at large Et?

The LO processes for QQ
production are weighted by the
gg or qgbar luminsity, which
drops at large mass much more
rapidly than L(qg)

29
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How come Q and W spectra
are comparable at large Et?

The LO processes for QQ
production are weighted by the
gg or qgbar luminsity, which
drops at large mass much more
rapidly than L(qg)
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Quark
colour
charge

CF Ol

1/2 x o,

Quark weak
charge

Initial state

colour averages

N

X (1)

~1/3 at 90°
X 1 X F (s < u)
1/2

V-A, only L-
handed quarks
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Dileptons
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tt

One lepton  W: 160 nb

Z D

75pb

500pb

21+MET, no jets | 2I+MET, jets, b’s

Trileptons

WWW

ttW

CPLOIl Productiol
{ J
50nb dominated by top
2l, m(Il)=mZ, no palrs
MET, no jets
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Quadrileptons
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Ratios

WWWW /

W/Z WW /WZ WWW /WWZ WWWZ

3 2.5 |.3 I

Ratio determined by Ratio determined by

couplings to quarks, u/d couplings among VWV/Z,
asymmetry of proton SU(2) invariance

WW/W WWW /WW WWWW / WWW
.S5E-3 2E-3 S5e-3
IW |W IWW | WW ZWWW /| WWW

.SE-3 4E-3 /e-3




Top production and bgs

/ S —>—
TETY A
o(W+bbX) o (W+bbjj X)
O(te) [pb] | OWHX) | 15th>20 GeV] | [ptb,ptj >20 GeV]
Tevatron 6 20 x 103 3 0.16
LHC 800 160 x 103 20 |6
Increase x 100 x 10 x 10 x 100
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> No b-tagging required

/

N, = 1279:81 | wdsof- N, = 565+ 10

s(m )= 15.82+ 0}
top

IIIIIIIIIIIIII|IIII|IIII|IIII|IIIIIIIII ﬂI|I§II|III|III|III|III|II

II]1ﬂll 150 200 250 300 350 400 450 500 40 60 80 100 120 140

The signal is clearly visible over the background, even without b tagging



1+ cross-section
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CDF Run 1
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CDF Run 2 Preliminary
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D Cacciari et al. JHEP 0404:068 (2004) m=175 GeV/c?
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b jets

O(&s?) L gbar
/ LLLL —>
O(0s2) Lyg - }gﬂ: A

* Single b-jet in the
event.
O(O(sz) Les X Os Log (Q/mb) * b momentum only a
m fraction of the jet

Asymptotically in Q, the
probability of finding a b
quark inside a gluon jet is | !

energy => soft muons



From Lecture |:

Example: charm in the proton

(_ S
)
™y

C ! o d
1/{.\ C(x Q 2 ] — &8 y-.v c;-g(

& dt

Assuming a typical behaviour of the gluon density: g(x,Q) ~A/x

and using Poex) = é[ +(1—x)*] we get:

de(x,Q) dy 2 2
dt E/ y g/ n Q)R /d——[y+(1—y)]
a, 0
and therefore: c(x,Q) ~ P lﬂg(ﬁ) g(x,Q)
o Q?

If g(x)= 8(1-x) = | dx c(x) = P lug(

HSA
6w x
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do/dEt (pb/10 GeV)

[
104 __I pu—
I : Solid: b jet 5
I.'
102 L1 . Dashes: b—bbar jet
I
O |
0 I
10 T |
||
I
1072 (1
I| 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
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Et jet (GeV)

While the rate at high ET is dominated by b-
bbar jets, triggers selecting high-pT b quarks
(e.g.a trigger on the muon pT) will select b-jets.
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