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• Analogy with Young’s double-slit experiment:

multiple paths ➞ transition probability not just 

sum of probabilities

A +Initial Final BInitial Final

Probability  ∼  (A + B)2  =  A2 + B2 + 2 AB

Interference
between A & B• If  A2 ∼ B2 then also ∼ AB
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Rizzo [0704.0235]; Boos et al. [hep-ph/0610080];

Papaefstathiou et Latunde-Dada [0901.3685]

• However misconceptions still widespread

(particularly in experiment)

• Raise awareness and warn against inaccurate 

statements
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When does it matter for BSM physics?

• Particular example: extra copies of SM particles

• If same interaction structure

➞ contribute to same processes thus 

interference between SM & BSM

• Resonant channels of special interest because of 

kinematics (next slide)

• Drell-Yan with W’/Z’: up until now

interference neglected in experimental searches
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leptons
A

quarks quarks
B

M2  ⊃  MA MB*  =

=  couplings  ×  propagators

➞ Interference destructive between mA & mB

unless coupling factor < 0

(gLA gLB + gRA gRB)quarks (...)leptons

(ŝ - mA2)-1 (ŝ - mB2)-1

< 0  for  mA2 < ŝ < mB2

(after ∫dcosθ)
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• Generic interference coupling factor for W’:

gSM2  g’Lq  g’Ll

• Conventional benchmark scenario:

Sequential Standard Model (SSM)

in which  g’Lq = g’Ll = gSM2

• Neutrinos not detected ➞ transverse mass:

√ŝ  ⟶  MT  ≈  sinθ √ŝ
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LHC (pp collision) @ 7 TeV,  mW’ = 2.5 TeV
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A search recipe: cut & count
8

• Compare observed events to predicted cross-

sections in high-MT search window

• If MTmin cut chosen high enough compared to mW’

➞ interference no big effect

• Limits from latest CMS analysis (April 2012):

w/o interf. = 2.5 TeV;  w interf. = 2.4 TeV
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“The expected signal 

yields [...] are largely 

u n a f f e c t e d w h e n 

introducing interference 

effects, owing to the 

high MT cut [...]”

CMS-EXO-11-024

arXiv:1204.4764
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the hadronic component of the Emiss
T resolution (that is, excluding the lepton), and the x and y

components of the reconstructed Emiss
T in the simulation were smeared accordingly. The impact

on the number of signal events was found to be around 2%.

Effects caused by pile-up were modeled by adding to the generated events multiple interac-
tions with a multiplicity distribution matched to the luminosity profile of the collision data.
The resulting impact on the signal was studied by varying the mean of the distribution of
pile-up interactions by 8%, yielding a variation of the signal efficiency of ⇠2%. Following
the recommendations of the PDF4LHC group [30], the signal event samples for W0

R generated
with PYTHIA were reweighted using the LHAPDF package [31]. PDF and as variations of the
MSTW2008, CTEQ6.6 and NNPDF2.0 PDF sets were taken into account and the impact on the
signal cross sections was estimated.

7 Results and limits

A W0 ! en or W0 ! µn signal is expected to manifest itself as an excess over the SM expectation
in the tail of the MT distribution. No significant excess has been observed in the data.

Table 1: Mmin
T requirement for different W0

R masses, expected number of signal and back-
ground events, number of observed events, theoretical cross section and upper limits on
s(W0

R)⇥ B(W0
R ! `n), with ` = e, µ.

W0 mass Mmin
T Nsig Nbkg Nobs stheory Exp. Limit Obs. Limit

(GeV) (GeV) (Events) (Events) (Events) (fb) (fb) (fb)
Electron channel

500 350 44000 ± 4200 830 ± 85 850 17723 64.15 70.18
700 550 9600 ± 1500 114 ± 15 128 4514 16.94 22.48
900 700 3160 ± 460 37.4 ± 5.7 41 1470 8.38 9.61

1000 800 1730 ± 280 20.0 ± 3.8 22 886 6.77 7.55
1400 1050 294 ± 36 5.4 ± 1.6 6 144 3.56 3.77
1600 1150 128 ± 13 3.4 ± 1.1 5 63.3 3.02 3.80
1800 1200 63.9 ± 5.5 2.79 ± 0.99 3 28.5 2.53 2.57
2100 1350 18.7 ± 1.5 1.55 ± 0.64 2 9.37 2.38 2.61
2400 1450 5.47 ± 0.39 1.08 ± 0.49 2 3.40 2.69 3.39
2700 1450 1.75 ± 0.13 1.08 ± 0.49 2 1.43 3.54 4.46
3000 1400 0.59 ± 0.05 1.29 ± 0.56 2 0.71 5.45 6.42

Muon channel
500 350 41000 ± 3200 749 ± 47 732 17723 44.65 39.13
700 550 8700 ± 1000 102 ± 10 100 4514 15.42 14.28
900 700 2920 ± 370 32.6 ± 5.0 36 1470 8.24 9.51

1000 750 1840 ± 150 23.3 ± 4.2 26 886 6.62 7.57
1400 1000 313 ± 25 5.6 ± 1.9 6 144 3.37 3.47
1600 1100 136.3 ± 9.2 3.4 ± 1.4 4 63.3 2.83 3.04
1800 1250 56.5 ± 3.7 1.78 ± 0.86 3 28.5 2.48 3.18
2100 1300 18.5 ± 0.9 1.45 ± 0.75 2 9.37 2.35 2.65
2400 1400 5.54 ± 0.26 0.98 ± 0.56 2 3.40 2.59 3.37
2700 1450 1.68 ± 0.08 0.81 ± 0.49 2 1.43 3.45 4.77
3000 1400 0.58 ± 0.03 0.98 ± 0.56 2 0.71 5.17 6.73

For W0 masses well below the centre-of-mass energy of
p

s = 7 TeV the signal events are ex-
pected to lie in the Jacobian peak corresponding to the W0 mass. For masses above 2.3 TeV, the
reduced phase space results in many events below the Jacobian peak, and the acceptance for
the Mmin

T cut drops from about 40% for intermediate masses to 14% at very high W0 masses. The
expected signal yields given in Table 1 for a range of W0

R masses are largely unaffected when in-

“The expected signal 

yields [...] are largely 

u n a f f e c t e d w h e n 

introducing interference 

effects, owing to the 

high MT cut [...]”

CMS-EXO-11-024

arXiv:1204.4764
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• Conventionally: in terms of BSM contribution to 

total cross-section (i.e. no MT cut)

• Quantity receives 

large contributions 

from PDF, and can 

be dominated by 

interference

• Should instead represent high energy behaviour

1000 1500 2000 2500 3000

-50

0

50

100

150

mW ' @GeVD

s
BS
M
@fbD



MT cut dependent limits
11



MT cut dependent limits
11

• CMS followed our suggestion: now also include 

limit as function of MT cut
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• CMS followed our suggestion: now also include 

limit as function of MT cut
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• Interference not always negligible

• W’ searches are being improved

Outlook

• Experimentalists might move on to more 

sophisticated W’ search strategies: fit to data

• Discussion of effect in Z’ searches
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Thank you!


