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Introduction

e Standard Model 4*" generation (SM4): simplest extension
* it can explain some CP-violation anomalies in B-physics
* enhanced CP-violation = universe baryon asymmetry
* hierarchy problem, dynamical electroweak symmetry breaking, ...

 LEP constraints on Z—VV = heavy 4" generation neutrino

* precision EWV data favor |my- my/| < mw

\_ PMC Phys. A 3 (2009) 4
( ° . ° . \
* Vector-like quarks (non-chiral) predicted in many models beyond the SM:

* extra dimensions, little Higgs models, composite Higgs models, ...

* they can also include a charge 5e/3 quark T

* unlike SM4, vector-like quarks are less constrained

* tree-level flavor-changing neutral-current coupling allowed e

* topologies predicted by these models also interesting as benchmarks
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e B2G-12-004: search for heavy quarks decaying to tW or tZ

50! ats=7TeV
e JHEP 01 (2013) 154 - arXiv:1210.747

e B2G-12-012: search for top partners with charge 5e/3
e [9.6 fb! at /s = 8TeV
e Physics Analysis Summary (PAS)

e EXO-11-098: inclusive search for a sequential 4" generation of quarks

50! at /s =7TeV
e Phys. Rev.D 86, 112003 (2012) - arXiv:1209.1062

o SUS-12-027: b’ interpretation of the results from the RPV SUSY

search with three or more leptons and b-tagged jets
© 9.2 fb! at \/s =8TeV
e Physics Analysis Summary (PAS)
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. n Search for Q—tV € >4
e search for heavy down(up)-type quarks decaying to tWV (tZ)
* QQ = tWtW = bWWbWW and QQ— tZtZ = bWZIbWZ

4 . )
Event selection
e 1 isolated electron (muon) with pt> 35 (42) GeV and |n|< 2.5 (2.1)
* at least 4 jets with pt> 100, 60, 50, 35 GeV with at least | b-tagged jet
e missing Et (ET™%) > 20 GeV
. J

@ EMS Vs =7 TeV L=50fb
:E ; Bag‘i( f%}f:g;ao=soo v
| QQ — tWtW (M =500 GeV)
e 50 fb! of data at \/S = 7 TeV used =« °

- Other backgrounds

10° &

e data fitted to the St distribution as a
function of the jet multiplicity

10

St:scalar sum of lepton and jets pr and Er™ “t y Kiliiaaniiac

S, (GeV)
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- Search for Q—tV (| I)‘\":

L=5.0fb"

CMS Vs=7TeV
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e down-type Q: Mg > 675 GeV assuming BR(Q—tW) =1

e up-type Q: Mg > 625 GeV assuming BR(Q—tZ) = 1
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* search for heavy top partners with charge 5e/3 (Ts/3)
e same-sign dilepton channel (ee, ey, up)

e 19.6 fb! of data at /s = 8 TeV used

e Cambridge-Aachen (CA) jets for boosted top quark and W boson * BN

4 . )
Event selection GN
e 2 isolated same-sign leptons pt> 30 GeV

e quarkonia and Z boson vetoes

e at least 5 constituents

® CAW and top jets count as 2 and 3 constituents respectively

_® Ht > 900 GeV (scalar sum of leptons and jets pr)

AT )
n_‘_.&. AR
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Search for Ts;3 (1)

e expected and observed yields for the three channels:

PSSMC Non-Prompt Charge Mis-ID Total Expected Observed

ee 07402 19412 0.06 + 0.02 26 £1.3 0
ey 19x04 0.6 = 0.9 0.05 £0.01 25+1.0 6
uu 1.3 +=03 0.2 4+ 0.6 - 1.5+0.7 5
All 39+08 26 +1.8 0.1 +0.02 6.6 2.0 11
_.(L) 1T T T T III|III|III|III|III 1T N LIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIIIIIII|IJ_
510" MS brellmlnary o2 = 9 CMS Prellmlnary ]
L F 196fb'ats=8TeV COIww: - -~ L 19.6fb"at \'s=8TeV -
5 o Www i C y
oL ee+eu+ul EWW | M - -
- (Y {74 S B Lo
B 1 Charge MisID ] - ]
I Non-prompt o e 5
10° - T53 (600 GeV)3 . i
o T gt _ |
: - 10°F « Observed Limit E
i : A : F Expected Limit -
1 =1 T - [ ]Expected Limit = 1o i
. ' i.. o - [ Expected Limit = 20 y
- / - — Signal Cross-Section il
10

0 200 400 600 800 1000 1200 1400 1600 ll'f([)gezvo]oo 10 5é0 6(|)O 6%0 760 7é0 8(|)O 85|0 960 9%01 O|OO

M., (GeV)
e Mt153 > 770 GeV assuming BR(T5/3—’tW) =1
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Inclusive t" and b” search | -

* inclusive search for t’ and b’ Vid Vis Vao Vi 10 0 0
V4><4 . Vcd Vcs Vcb Vcb’ o 0 1 0 0
KM= Vg Vs Vo Vo | |00 VA VI-A4
t't' b'’b" and t'b, tb’, t'b’ Vea Ve Vi Vi 00 VI_A VA
e unitary CKM with A = |Vw|? = [Vrv’|? and degenerate b’ and t" masses
o t'b — bWb
t'—=bW o 't — bWDW final states with 2 b-jets
, » o UVt = tWbHLW — bWWDbBLW and | to 4 W bosons
b'—=»tW—-bWW o V't —s tWOW — bBWWBW

o V'V — tWIW — bBWWbWW
* 3 channels defined according to the number of W bosons in the final state:
* single lepton channel
* same-sign (SS) dilepton channel

e trilepton channel

e 5.0 fb'! of data at \/S = 7 TeV used
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- Inclusive t" and b" search (Il) |~

~N

g
Single lepton channel
* exactly one isolated electron or muon pt> 40 GeV and |n|< 2.5 (2.1)

* missing Er > 40 GeV

e events subdivided into exclusive categories based on:
* number of b-tagged jets (exactly one or two)
* number of W candidates (exactly one, two, three or at least four)

* W candidate: dijet pair with 74.7 GeV < M;; < 93.9 GeV

. J

( @ ® [
Same-signh dilepton and trilepton channels
e 2SS leptons or 3 leptons with pt> 20 GeV (40 GeV for the leading)

e missing Er > 40 GeV

* at least 4 (2) jets for the dilepton (trilepton) channel
. J
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CMS preliminary, 5fb' at\'s = 7 TeV
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e for A=l and M¢=Mp: My =My > 685 GeV

* for Im¢ - mp’| = 25 GeV: corresponding limit shifts by about +20 GeV
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b’ from inclusive RPV susy search

sl

* search for anomalous production of events with at least 3 isolated leptons

¢ 9.2 fb-! of data at +/s = 8 TeV used

g
Event selection
* at |least 3 isolated leptons pt> |0 GeV (20 GeV for the leading)

e maximum one hadronic-T

* jets are requested to have pt> 30 GeV

* events classified according to:
* number of opposite-sign same-flavor lepton pairs
* whether at least one lepton pair has My within [75, 105] GeV (onZ event)
* number of reconstructed taus and b-jets
e St (scalar sum of Etmiss and jets and leptons pr)

-

* 240 channels: 90 with three leptons and |50 with four leptons
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* b'b’ 2 bZbZ: channels with 3 leptons, 2 OSSF, no tau, =1 b-jet and onZ
°* b’'b’ 2> tWtW :channels with 4 leptons, | OSSF, no tau, > | b-jet + offZ
e BR(V' - tW)=1—- BR(b — bZ)

Is=8TeV, L =92 b

T | T T T T | T T T T
"""""""""""""""""" b' interpretation

\s=8TeV, L =92 fb
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Summary ~ 1 2k

* Many BSM models predict a fourth generation of fermions

N

e CMS performed the search for new heavy quarks in several decay channels

* no evidence of new physics

* Four analyses have been presented:

e B2G-12-004: search for Q—tV
limits: 675 (625) GeV for down(up)-type quarks

e B2G-12-012: search for Ts3
limits: 770 GeV

e EXO-11-098: inclusive b’ and t’ search
limits: 685 GeV for degenerate b’ and t’ masses

® B2G-12-012: b’ from inclusive RPV susy search
limits: 718 GeV for BR(b —>bZ) = 0.5
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- SM4 and thel25 GeV Higgs IF‘\A“'I.E?

B
ot
Ao T

e the presence of a 4™ generation would impact the Higgs production cross
section and decay branching fractions

e direct search exclude SM Higgs up to 600 GeV except for the mass range
122-128 GeV where a new particle with mass ~125 GeV was observed

* several papers showed the ~125 GeV Higgs is not compatible with SM4

. . arXiv:1302.1764
* also CMS has excluded SM4 Higgs in the N i
o ) 10% \s=7TeV.L=5.1fo! |FF Expected (68%)
mass range |10-600 GeV at 99% CL s Namminy e
®* M4 = My4 — mb' = 600 GeV E’10'1:5 95%
/ ’ %10-25 99%
*mt - mb" ~ O(50) GeV £ o
< 10.3E o 9.9%
S HE
7 £
. . . S i
the existence of a chiral 4*" generation is NOT | ¢
; . O .
ruled out but only the most simple extension SM4  ;

200 300 400
SM4 Higgs boson mass (GeV)
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The CMS detector € o
Total weight 12500 t C
Overall diameter 15 m 76k scintillating M S
Overall length 21.6 m ECAL PbWQ, crystals

HCAL Scintilator/brass
interleaved

Muon
End-Caps

Pixel

Tracker Pixels & Tracker

ECAL » Pixels (100x150 um?)
~ 1 m? 66M channels
HCAL * Silicon Microstrips

Muons ~210 m2 9.6M channels MUON BARREL
Solenoid coil Drift Tubes (DT) and
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