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Introduction

el A (S Minimal "useless” Matter

@ Supersymmetry LD X onpPsu®Psuy
@ Kaluza-Klein

o Little Higgs @ Lorentz invariance
@ SM gauge Ggyy invariance

Experiments = Matter Parity J

Experiments = )\ < 1
no pnpPsyPsy interactions )

“effective parity”

Matter Parity

o symmetry o provide a DM | (AR

candidate @ DM candidate through higher
reps of Gsy

@ easy-to-hide new physics
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Introduction

LD XN onpPsu®sy + Lmass

@ neglect higher dimensional operators ok because of weak coupling
@ No hew intel’actions i.e. no new vectors

(for new vectors see Kilic,Okui,Sundrum arXiv:0906.0577, Barbieri,Corcella,Hernandez, Torre, Trincherini arXiv:0911.1942)

@ add only one spin 0 or } particle

v

Predictive scenario: gauge production

. . g X_- 8 . ,
’ 0 ’ - ’ e X
q v X, 8 p X, %Y d}h“\\ , g X,
\ \ :X X1 X N
- - = A N
g 8

X

A\

model independent searches

@ quantum numbers are the only assumption

@ the pheno of a set of new multiplets could be very different )
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Introduction

Scalars: couplings and decays

Name spin U(l)y SU(2), SU@B). [Q]=[T5+Y] couplings to type sig natures of new scalars
H 0 1 2 1 0,1 LE,QU,QD second Higgs
E 0 1 1 1 1 LL LL .
E? 0 2 1 1 2 EE i) ° QQ: heavy quarks
Es 0 1 3 1 0,1,2 LL, H*H* type-II see-saw di-jet resonances
Q 0 1 2 3 1/3,2/3 LD LQ
Q7 o I 2 3 2/3,5/3 LU, EQ LQ .
D 0 33 1 3 1/3 LQ.EU,UD,QQ  LQ/QQ ° LL7 EE: heavy Ieptons
Dy 0 1 3 3 1/3,2/3,4/3 1Q,QQ LQ/QQ in Qj
AR : e o u clean leptonic signals
Dy 0 H 3 6 1/3,2/3,4/3 QQ QQ o
£ o ! 1 3 i e o0 @ LQ: leptoquarks
Us 0 2 1 6 2/3 DD QQ
@? o0 5 1 3 4/3 UU,ED QQ
@’ o i 1 6 4/3 uuU QQ .
H 0 5 2 8 0.1 QU.QD QQ @ exotic charges J

old and new friends
Leptoquarks, See-Saw mediators, supermodel candidates, ...

only quantum numbers matter

no heavy flavors involved in the decay, i.e. in some model the search could be easier
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Introduction

Fermions: couplings and decays

signatures of new fermions

Name spin U(l)y SU(2), SU@3). |Q|=|T;+Y]| couplings to type .
N 0 1 1 0 LH type-I see-saw ° QH heavy quarks
I -4 2 1 0,1 EH* LH i
E i 1 1 1 LH* LH jet+V
Ny 0 3 1 0,1 LH type-TIT see-saw .
iy 58 5 AE 7 P @ LH: heavy leptons
e : 2 1 1,2 EH* LH
Q 1 2 3 1/3,2/3 HU, H'D QH t+V
v — 1 3 2/3 HQ QH mET +V
D 1 3 1/3 HQ QH
Uy 3 3 1/3,2/3,5/3 QH* Qi
D, 3 3 1/3,2/3,4/3 QH* QH
Q8 2 3 1/3,4/3 DH* QH
i S 25 o o @ sources of SM vectors
@ exotic charges

old and new friends
exotic fermions, fourth vectorial generation, fermionic see-saw mediators, etc.

only quantum numbers matter

no heavy flavors involved in the decay, i.e. in some model the search could be easier
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Introduction

LHC at Vs = 14 TeV TeVatron at Vs = 1.96 TeV
100 T T T T

a(pp - XX) in fb
a(pp - XX) in fb

I RN i
0 500 1000 1500 2000 2500

600
mass M in GeV mass M in GeV

”
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Gauge decays

small splittings: soft is hard to detect

On top of the gauge invariant mass term M) or M?|$|? a mass splitting
arises at loop level:

AM = Mg, 1 — Mg = (1+2Q+ 0039 )agMWsl TW =166MeV - (1 +2Q+ COSGW)

without other sources of splitting this poses serious experimental issues (track
algorithm, fakes, QCD longlived ...)

GaV2, AMBf? m2 1
+y\ F “ud 7r o T
r(XQ+1 — Xqm ) = Ciﬂ_ 1 B —

M2 1 M X\

P~ ™~ 3em Tevi0-T6

1 # many

L = My + mxx + kX9 + ...
significant mixing can produce decay chains with hard visible particles
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Gauge decays

EWSB: eating a Goldstone boson

AHWU gy — AvWUe) and the mass matrix ( /I\V(/ )‘OV ) is made

diagonal with sy — s + W, WU — W — 24y obtaining a
interaction 5
gv T
o WHWy,,hsm

@ definite prediction for the BR of fermions into states with W*,2°% h

@ no decay into photons

@ electroweak symmetry still visible in the absence of some vertex

i.e. the interaction L3/2EH* do not generate the decay L%/>" — v W+
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Signatures summary

@ scalar di-quark resonances
4j
@ scalar di-lepton resonances
Leee, 06 meT
@ heavy leptons
LVV (60t~ mET, £4et 6~ mET), ...)
@ heavy quarks
2j2V (4j¢ mET, 4j2¢, ...)
@ leptoquarks

Roberto Franceschini 13/11/09@ULB 10/ 24



LHC

scheduled and unscheduled

Europear Research

News: 6 November 2009

LHC "bird-bread" strike

V.

pp collisions at design regime Particles have gone
half way round the LHC
@ C.o.M. Energy=14 TeV
@ L=10%.cm 2571
@ ~ 10* protons per bunch
@ ~ 25 pp interactions per crossing
@ bunch crossed each 25 ns ) )
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LHC

General Purpose Detector (CMS)

47%“
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General Purpose Detector (CMS) B = (pr,n, ¢)
pr = /P +p2=p-sind

0
:I —_
n ncot2

AR = \/AF + AP
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LHC

General Purpose Detector (CMS) B = (pr,n, ¢)

e R pr=\/P%+ Py =p-sinf

w225, - y 125

1 0
y — ] n = Incot >
|| — || AR = VAR 1 AP

ﬁ,
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pp — XX — 4

'x
cﬁﬂ‘*\
35275~
@ large cross section 10 . ]
@ inclusive search (only Q#s) N 1
@ no clues to determine the wE By
charge g ]
. g [ 1
@ 4 hard QCD jets g 10¢
(Madgraph) v ]
background: pp - 4j with AN
@ AR>04,|n <25 "E Mai(isi) = Mer(iaia within 25% N E
@ pr > max(100 GeV, r M) F Y
® Hr > oM o B s
Mei(jj) = M in GeV
@ |M(ja, jb)/ Mje, ja) — 1] < 0.25
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Give a shape to the background if you do not like it!

a 400 GeV example J

EfLdt=100/pb

4j signal for

events per 75 GeV bin

M = 400 GeV
€ SM background:
101 q
PP 4j
5
0 . . .
0 200 400 600 800 1000

Mj; inTev

The signal emerges out of a
low-tail of the BG

(slight changes from parton-shower
are expected).

@ AR>04,n<25
@ pr > 0.6M = 250 GeV
® Ay <1.7

P (ja.jo) ~ PYPY AR |

The BG is incoherent hence
it has no reason to have
jet pairs with invariant mass
much smaller than the hard

pY.

applicable to other searches

@ h — WW under examination
with A. Wulzer
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Di-leptons

(1,1); that is to say £ > AE,EE o low production o
pp — ETHE~~ — 0000 (only mediated by hypercharge)

10 T Ty @ very clean final state

@ discovery only suffers lack of
events

@ Tevatron type-II-SS dedicated
search says M > 130 GeV

oinfb

10k

T background:
102 pp - pppt u” with
E Mar(®) = Megg() within 25%

@ easy discovery, intersting with

‘ R I £ >100/pb
100 300 1000
M in GeV
@ all sorts of rare lepton fakes
@ negligible BG (mostly from ZZ) must be considered
@ |1 —m(¢,0)/m(7)| <0.25 (mostly detector effects)
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Di-leptons

@ low production o
(1,1); thatis to say £ > \ELL (only mediated by hypercharge)

pp — ¢l mET

10

F mrz = min max [mr(¢,vz), mr(¢,v1)]
F sm background: PT2 —PT1
1k ppo vy
E My > 100 Gev
[ pr>40Gev

Signal for M = 150 GeV

dor/dmy; in fb/GeV

g Sana for b — 200G ] @ end-point feature in the region
mr2 > My
10’22
% % w s a0 2 @ clean despite neutrinos,
(1 reSvese mass interesting for £ 2 1/fb
e B[G mostly from WW @ all sorts of rare lepton fakes must
@ p7 > 40 GeV be considered

(mostly detector effects)
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Heavy leptons

(1,3)1 coupled as AEzLH*
1,2

,2)3/2 coupled as \L3/2EH
(1,2)s,

@ showering is included (Pythia 8)
pp— ETTET — Whetez — ¢teteT mET

103 E
The same final state is available for L%/2 as well. | _ :
8 heavy lepton signal
S 104
e M = 600 GeV
@ mps > 100 GeV J F.
T 105
S
background
@ /T~ W-~101b 105l

200 400 600 800 1000
same-sign ¢ Mg in GeV

e WTWtW-~ 1fb
@ {tW+ ~ 0.1 fb using jet veto

@ visible with at least 10/fb

@ mET > 200 GeV
@ mgs > 150 GeV
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Early birds

Early birds (preliminar and not complete)

@ Detector effects are desperately needed to say s.t. meaningful )

@ While we talk Tevatron sets new limits }

100/pb (the whole 2010 data-take?)

@ 4j signal with di-jet resonaces with M ~ 400 GeV
@ (¢t¢~jj mET from heavy leptons with charge two M ~ 300 GeV
@ /t¢t¢~ ¢~ from scalar di-leptons of charge two M ~ 150 GeV

roughly same discovery potential despite the very different rates J

1/fb (at least 2012)
@ (i¢; mET from scalar leptons M ~ 150 GeV
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Conclusions

Conclusions: Just assuming quantum numbers a
lot of collider physics!

@ generic experimental difficulties for the gauge decays (though unlicely to be relevant ) J

@ many "minimal” signatures have been studied )

@ rough discovery reach applicable to a yet-to-formulate BSM ... if any J

@ resonant signatures for the first year of data-taking: 4j, ££¢, 22¢ mETjj )

@ many particles with degenerate signatures (yet anotner hint that LHC can't write a £agrangian) )

o eVentS Of new phySiCS W|th0ut mET ( how to disprove matter parity? ) J
@ indirect effects can be important as well (change uv sensitive couplings ke the
loop-generated ggH; change the running of SM couplings )
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Conclusions
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Conclusions

heavy flavor is always better

Not a theorem ... but close to )

handswaiving proof for b quarks

@ b quarks can be tagged (and mistagged ... of course)
@ single-flavor background has to be less than many-flavor background

@ b can be produced in top decay (typically subdominat)

t quark is more tricky
@ BR(t — b mET) ~ 0.2

trading a light quark for a top always gives back a jet, though softer because
P ~ pt/2 and in 20% of cases gives also a lepton.

@ o(BG+ 1t) < o(BG + g) (plus you typically must produce t)
@ o(BG + 14) ~ aew - (BG)

@ for hadronic top could be more delicate to establish
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Conclusions

other signatures

El 1 spnal for T i i 3
] M = 300 GeV ]
El 10" signal for
3 signal for 13 M = 500 GeV
g M=-go0Gev ]S
= 1% signal for
£ 1< M = 800 GeV/
% E El g 10°
5 15
10 5 10"
10—5: L L L ] 1075 H"H rﬂﬂ,mﬂ 0.
200 400 600 800 1000 0 200 400 600 80 1000
M,j; in Gev Same-sign M, in GeV
”
o {tW*+ ~3fb
@ ti need a hard lepton from a b (tail effect, computer-intensive)

@ as itis it can give a handful of events already with ~ 200/ pb ]
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Conclusions

we focus on VV=ZZ or ZW ( WW is well studied )

2jZW+2j2Z
pp — 4je~*
1° i @ m(j,j) — my| < 10 GeV
1? b e @ m(¢t,¢=,j)/m(3j) — 1] < 0.1

E om-z4f

700GeV ]|

dor/dM in fb/GeV

@ 6j could be feasible as well using the
trick of pr/M ~ 1 as seen for the
Yo w0 w0 a0 S0 w0 70w di-jet resonances

¢ invariant mass M in GeV/

E mozwi

@ chances to detect exotic charges (4/3

. or 5/3) in an high rate of signals with

® ZW2j ~ 0.4 pb

@ 1tj and 4j2W are eliminated
by m(¢*,67) = mz
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Conclusions

Pair production at ‘weakened’ LHC

LHC at Vs =7 TeV LHC at Vs =3 TeV
T T T

10°

XX)infb

e
=
=

B

%

Lol

! i i AN
0 200 400 600 800 1000 1200

10! i N
100 200 300 400 500 600

mass M in GeV mass M in GeV

They seem equal, but look at the scale below:

o(M,/5) ~ o(M/2,\/3/2)
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