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1.1) New bosons zoology in the Standard Model pool
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1.1) New bosons zoology: Disclaimer && apologizes

Are not covered in this talk due to time limitations
such interesting subjects as:

— Gravity based gauge interactions.

— Leptoquarks (see J. Hirschauer talk tomorrow).
— Indirect searches in loops.

Those subjects are presented in the plenary talk
Monday by C. Leonidopoulos.

The searches for new gauge interactions have more

weight in this talk than the searches for the new
fermions.
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1.2) Background challenge
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« QCD » like models :

couples usually to colored particles. -
EW backgrounds negligible.
QCD irreducible background -
calculated @NLO or fitted from data.

« EW » like models :

Final states usually enriched in
isolated leptons: kills QCD.
Dominated by EW backgrounds
(tt, W/Z, W/Z+jets).

EW irreducible background
calculated @NLO (@NNLO) or/and
fitted from data.

-tt » « QCD » like models
-Z'> jets

Many exceptions to the previous “rules” :
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il 1.3) New bosons: direct searches

aly - We look for heavy bosons in the tails of SM: light bosons either already
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excluded ether swamped in the background.

- S-channel production: “easy to explore” when possible.

- Paired production: If a conservation low (R-parity) forbids S-channel or
S-channel already explored: paired production used.

Less background but usually low production cross section.

| a.9 Y1
S-channel ~  TT—kw0u X
production
q,9
| a,9
Paired Y,
prOduction ..............................
9.9

X : new boson
Y,: new or SM boson
Y., Y, : SM particles
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1.4) How things happens in reality

Our approach is

« Flnal State » drlven -A group combine and
pilot individual channels.
- 0(100) channels. - Analyses more « Model
- Reconstruct objects: driven » 3
Leptons: e, 4, v=MET, tau. « Theories
Quarks: g,g=jets, top. | > considered as

Bosons: W, Z, v. :
- Estimate Backgrounds: _ strategic»
Data driven methods Higgs, SUSY
- Estimate efficiencies/uncertainties Benchmark models are

- Unfold if necessary set up.:

- Converts SM measurements into

Exotic searches.

=
LLE
T_%
o
—
- Most of analyses
e try to stay « model Typical benchmark
independent » L2 models #

Resonance Mass vs

\/ Width

« Other Theories zoology »
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i 1.4) Global approach: example of S-channel

XYy,
9.9 Y, channel

> ______________ X _ < M(X), M. (X)
q,9 Y, 1

Need a width hypothesis

1) “Narrow width hypothesis”:
Width < Reso.

2et moc.lel 2) Scans for different width hypotheses.
production
limits 1
Set « model
Correct for Br(X-y,y,) |ndepeqdant »
- limits

1) Br fixed by the Gauge group and coupling:
axigluons.
2) Br a free parameter W', Z'

- One can mimic the standard model.

- Take indirect constraint from loops.
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CMS Experiment at LHC, CERN C
Data recorded: Sun Oct 23 20:23:31 2011 CEST

Run/Event: 179547 | 505584390
Lumi section: 319

CMS Experiment at LHC, CERN

Data recorded: Sun Oct 30 15:45:02 2011 CEST
Run/Event: 180250 / 785309640

Lumi section: 429

CMS Experiment at LHC, CERN
Data recorded: Sun Oct 23 20:23:31 2011 CEST
Run/Event: 179547 / 505584390
Lumi section: 319

CMS Experiment at LHC, CERN

Data recorded: Sun Oct 30 15:45:02 2011 CEST
Run/Event: 180250 / 785309640

Lumi section: 429
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2.1) Search for EW like models: Z'

q
Channel
Leptons
Leptons
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Quarks :

:5:__

“ L Quarks

LLE
Bosons

. €€, hU

. €T

: 9Q - jet-jet

bb - jet-jet

- Tt

: ZZ, WW

* For a detailed presentation of
y tt searches see A. Hinzmann

talk tomorrow.
=

Analysis Lumi

EXO-11-019 : Dilepton bump search 4.7 fb*

©

EXO-11-015 : Dijet bump search

10.1016/j.PhysLetB.2011.09.015 1.0 fb!
EXO-11-006* : Full hadronic 4.6 fb?

PAS TOP-11-009* : Semi leptonic 4.9 fb'
PAS EXO-11-055* : Semi leptonic p 1.1fb*
PAS EXO-11-092* : Semi leptonic e 4.7 fb



2.1) Search for EW like models: Z'

- explore all channels = reduce model dependence.

- there are always models tailored to a given channel:
fermiophobic Z', Z' as tt resonant states...

- 7 TeV program: CMS tend the full coverage of Z' searches in all final states.

= reduce experimental uncertainties dependence.

CAEIIEL Analysis

Lumi

Leptons : ee, uu EXO-11-019 : Dilepton bump search 4.7 fb'

Leptons : TT

©

Quarks : qq - jet-jet EXO-11-015 : Dijet bump search

10.1016/j.PhysLetB.2011.09.015

Quarks : bb - jet-jet

ks : tt EXO-11-006* : Full hadronic
Quarks PAS TOP-11-009* : Semi leptonic
PAS EXO-11-055* : Semi leptonic u
PAS EXO-11-092* : Semi leptonic e

Bosons : ZZ, WW

1.0 fb!

4.6 fb
4.9 fb
1.1 fb
4.7 fb



2.2) Search for EW like models: Z' - ee, pp

We request two opposite charge same flavor isolated leptons.
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E ° I L B B L B B L B B
= 0\8 28L, cMs Preliminary (s =7 TeV g
; © 4r 4 -

. F Ldt=4.7 fb — DY ee 1
= M, (Tev) | am /M, (%) ! ==
= E 1 6 ) ; barrel-barrel & barrel-endcap é
= 2 12 E
% 1.6? -
- 1.4 -

ol b b b b b by b b 14
200 400 600 800 100012001400160018002000
m(ee), GeV/c?

M. Gouzevitch. CMS New fermions and gauge interactions 12



2.3) Search for EW like models: Z' - ee, pp
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- Irreducible background: POWHEG + normalization to data.
Proton PDF uncertainties included.

- Cosmic muons: removed by vertex/timing matching cuts.

- Leptons from QCD: removed by isolation criteria.

= - Fake electrons: y/ jets faking electrons - transverse shower
. shapes and tracks matching.

!
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2.5) Search for EW like models: Z' - ee, pp

— Background shape taken from simulation: m*e<am,

— Signal shape: BW convoluted with a Gaussian.,

— Systematic uncertainties: 5-10% coming from difference in
efficiencies between Z' and Z.

— No excess found. Limits set with Bayesian approach.

CMS preliminary, [ Ldt = 4.7/4.9fb™, ee/un Vs =7 TeV

-1

S LD ee(4.7fb")+uw (4.9 10
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500 1000 1500 2000 2500
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model exclude mass (GeV /c?) T . .
SSM T 5130 - Generic limits: coupling (width)
L'y 1805 VS Mass.
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2.7) Search for EW like models: Z'

model exclude mass (GeV /c?)
-11- SSM Z’ 2120
ee), M{Hp EXO-11-01
L'y 1805
M()) EXO-11-015 Just start to be sensitive at 1 fb-1.
M(tt) semi-leptonic - boosted Start to be sensitive to topcolor Z'.
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Lowest exclusions : Z' topcolor 95% up to 1.5 TeV. Largest : 2.1 TeV SSM.
« Generic » M-W limits produced by most of the analyses.
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CMS Experiment at LHC, CERN
Data recorded: Fri Jun 17 13:59:20 2011 CEST
Run/Event: 167103 / 73581307

Lumi section: 79
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13.1) Search for EW like models: W'

- 7 TeV program: explore all
channels.
f " Y1 - Additional problematic:
> ............................... < L-R symmetry of extended
models.
q Y,
Channel Analysis Lumi
Leptons : ev, pv - MET+e,u EXO-11-024 4.7 fbt
=
EJ; Leptons : eNR, |JNR PAS EXO-11-002 0.2 fb?
=
“—— Quarks:q_q, - jet-jet EXO-11-015 : Dijet bump search 1.0 fb?
= 10.1016/j.PhysLetB.2011.09.015
=
=

B

5

> Quarks : tb

Bosons : ZW EXO-11-041 : ZW event counting 4.7 fb?

\




3.2) Search for EW like models: W' - ev, pv, WZ

-W' —ev, pv: 11+ME_ M_used since ME, not known
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3.3) Search for EW like models: W' - ev, pv

I T I T | | T T T T T T T T T T T T T T T T T T T
010 CMS Preliminary Ewoe QE %107 | CMS Pre‘liminary l-W%u‘v
O Ldt=47fb" — Wy ] O, 6 JLdt_”fb_1
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1 I E: 10 =
c 1 . =
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- Irreducible background: W - lv — generated with PYTHIA + NNLO
k-Factors.

- QCD: suppressed by lepton isolation + MET requirement. MET in
those analyses large wrt to the pile-up effects.

- Prompt lepton + MET: tt, DY (1 lepton lost)...

- Simulated background fitted by a function: a/(M.+b)c and

normalized to data in the background region :
200 GeV < MT < 500 GeV.

M. Gouzevitch. CMS New fermions and gauge interactions
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3.4) Search for EW like models: W' - ev, pv, WZ

CIVIS Prehmmary 2011
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- Main background: WZ.
- Signal central M_~>H_.

-SM WZ: H.<<M..
- Counting experiment.

CMS Preliminary 2011

:_IL dt=47" g EE}Z,

= .
- \s=7Tev B Z+Jets
, Wz
0’ — W' (600 GeV)

—
o
)

Evean /50 GeV

£ Illll‘\\ |:|II L1
0 200 400 600 800 10001200 1400

My, (GeV)
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3.5) Search for EW like models: W' - ev, pv, WZ

T ——  95% Observed Limit Electron — P T T I‘l TT [T T T[T T T T [T T T T[T T T[]
L * .
= 95% Observed Limit Muon '8- - y \ "“ =rmn Strlng Resonance _|
1 S TR Excited Quark

e 95%, Observed Combined S LR 1.‘\ Axigluon/Coloron
— — — 95% Expected Combined < 1 "..\ — - E, Diquark —
———— Theorstical Cross Section with k-factor 4 E -",‘ L ‘Z‘fl E
.......... Theoretical Cross Section without k-factor m - ", K RS Graviton .
. LILTLTL I ] Theoretical Cross Section for W‘KK (n=10TeV) X : :

"‘, LI T L A Theoretical Cross Section for W‘KK (1 =0.05 TeV) C
N CMS Preliminary 3 .2
», P= i 5 -1 —
L \s=7TeV 8 107 =
""""" f : E r : 3 ]
2 O [ cms(.0m ]
w r k N
) L s=7 TeV i
E | Inl<2.5,|An| <1.3 |
@) 95% CL Upper Limit

102 = === Gluon-Gluon —
C = Quark-Gluon 7
e . == Quark-Quark 5, \ 7

E..,,,,,,l,,|,||,|,|,,,,' |||||||||||||||||||||||||||||\||||
1000 1500 2000 2500 3000 3500 4000

500 1000 1500 2000 2500 3000

W' mass (GeV)
EXO-11-024

Resonance Mass (GeV)

M(jet,jet) EXO-11-015

M. (e,pv)

- Leptonic channel (BF = 16%) less background than hadronic
(BF ~ 75%).

- W' SSM excluded below 2.5 TeV.

- Slightly Changes with W,W'" interference hypotheses.

21

M. Gouzevitch. CMS New fermions and gauge interactions



3.6) Search for EW like models: 2-d plots

CMS Preliminary
T T | T T T I T T
240pb'at7 TeV ]

CMS Preliminary 2011
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M(ZW) EXO-11-041 i EXO-11-002

\

- WZ channel sensitive to fermiophobic models. Fully hadronic
channel under work. Also constraint technicolor EWSB models.
- A common search for right handed neutrino + W' is performed
(very low background search: 2 same sign leptons).
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%3 Searches for

strongly coupling
models
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[ 4.1) Search for strongly coupling bosons

q q
S-channel  TT—_ X=AL
production
9 qbar
Channel Analysis Lumi

Quarks : qq - jetet EXO-1L015 < Diet bump search 1.0

EXO-11-017 : Dijet angular corr. 2.2 fb*

arXiv:1202.5535
rks ' t EXO-11-006 : Full hadronic 4.6 fb
Quarks : tt PAS TOP-11-009 : Semi leptonic 4.9 fb
PAS EXO-11-055: Semi leptonic p 1.1 fb?
PAS EXO-11-092 : Semi leptonic e 4.7 fbt

Paired production EXO-11-016 : Paired dij%ft bump 2.2fb*

q.9 C

Paired g q
production  _— 7 bar

a.9 C
qbar
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4.2) Search for strongly coupling bosons: Dijets

— T T T T T T T T T T T T T T T T T T T T _ B I 1T T TE T TT T T T T 1T T
S 10_% T 1 I_‘ —g 0 L5 l. ! I\ | *, .l ..... String| Rasonanl:e 4
o E e CmMs (101 3 Q. 18 Y B e Excited Quark
Q F — Fit - — 1\ K Axigluon/Coloron
-8_ 1 S T QCD Pythia + CMS Simulation = < 1 W %~ — - Eg Diquark —
E E JES Uncertainty E b4 E K “-, :-_ .-. ;\,r E
S 0l s (111?. Tev) ... Excited Quark = m r K RS Graviton ]
-8 E " P - string Resonance E X : :
10% E c L .
C gt (1.5Tev) S (,zf :I'eV) ] _8
0 N L : = O 107 =
E - 3 GJ C + .
B N O L cms(1.0fY .
E \e=7Tev E B[ Vs=7Tev i
1gs L m<25lan<13 . o | Ml<25,]an <1.3 i
= Wide Jets g O 95% CL Upper Limit
§ 3 102 = === Gluon-Gluon E
ig r —s— Quark-Gluon 3 7
€ LE. . . . . . [ == Quark-Quark N o]
tﬁ 1000 1500 2000 2500 30_00 3500 4000 L 1 | L 111 | I 111 | L 111 | L 111 | 1 | | | | \ | | 1
Dijet Mass (GeV) 1000 1500 2000 2500 3000 3500 4000

Resonance Mass (GeV)

- Two jets with |An|<1.3.

- The only background which matters is QCD: use empiric function.

- Mass spectrum more complicated that Z', W': BW deformed by

QCD radiation. Wide jets: collect FSR radiation around leading jets.

- Axigluons excluded up to 3.2 TeV.
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4.3) Search for strongly coupling bosons: paired Dijets

] CMS Preliminary [L=220
CMS Preliminary 2.2 fb! ) \‘\ : : : Pair-Produced Dijet Resonances|
N ! H
2 e o N : 5 Observed Limit (95% CL)
= —=— 4-Jet Data ~ D — : oo
o F Background Fit 8 N LT Expected Limit (95% CL)
T — . - QCD Simulation < N\ . I i1
5 100 [ N [ Coloron (400 & 800 GeV) % 107 = 5 N 5 | |+ 20
o [ el o = ' : :
" C ~ o - EC:oloroin
c 10E X L
g 5
[T1] C = 102
1= % 0
g \\ 7]
e 7}
I o
10" E < 10°
EI IIIII Illll II~I~~|I L o \IIIiI\Ilillllillll%lllli\Illil\\llilll\illll
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- 4 jets events (dijet pairs) : both pairs shall have a similar
invariant mass.

- Only important background: QCD. Well described in shape by
PYTHIA and fitted with same background function than dijets.

- Coloron model coupling to gluons excluded up to 560 GeV in the
paired production.
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4.5) Search for new gauge interactions: Cl

— —o— Data .
3 7 Tev W QcD prediction NLO CMS Preliminary
- - — — Almn =7 TeV (NLO) At - \s=7TeV
- ML zif: e Almn =7 TeV (NLO) Lume | L=22fb"
SR e A sl A{mr =7 TeV (LO) ALURR - | — Observed
- l e Amgr=7Tev(o | | Expected
e Ayyaa =7 TeV (LO) LO [ Expected +10
I ——— Ayyan =7 TeV (LO) + - Expected +20
- A
R Ay =7TeV(LO) LL/RR =
ALLRR i
- Ayv/aa i |
Ayviaa D
Afv-a) i
| l l I
5 10 15 20

A [TeV] lower limit

| - Two jets: measure exp(|An]|) in regions of M(jet-jet).

- QCD: M(jet-jet) < 1 TeV; Cl: x=exp |An| ~1, M(jet-jet) > 3 TeV.
- NLO calculations normalized to data in the QCD region.
- Different Cl models excluded above 7 TeV.

\

Cl

| q.9 Q.9
production _— 0.9
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] TeV status
and
8 TeV prospects
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Status of the search for new fermions

1) 4th generation searches: b, t'. Not presented here since
mainly related to the top final state.

y
% 2) Heavy right helicity neutrino partner: N,. Search within the
W

SSM L-R model (EXO-11-002). Exclusion in 0.5-1 TeV region for W'
with masses below 1.6 TeV.
3) Quarks substructure:
— CI (EXO-11-017) excluded above 7 TeV for most of the
models. Cl in inclusive jets are under study.
— Q* excluded for masses below 3.2 TeV from Dijet Angular
Ratio (EXO-11-026).
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L % 0_2: - — > 4 1 E_ |:| Expected: 20 _E
= i (3] - s b C -==-==- Excited Quark ]

1 ~ 0450 = b i

— — r & E ]

E = C + .J‘ ” _ 10'1 = —
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=i o™ - reliminary 2.2 fb -

[ . C PYTHIA QCD ] B

.. v 0.05— * 1.0TeV - -

< = L 102L-2-2 fb',\s=7 TeV i
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Summary @7 TeV

| 1) The search for new gauge interactions beside SUSY is

very active:
— « QCD models » usually exclude below 3 TeV
— « EW models » usually excluded below 1-2 TeV

2) The search specificities:

— The searches are mainly channel driven:
12 analyses cited here.

— The heritage of 7 TeV would a complete spectrum
over all possible S-channels and few paired
production searches.

— Many analyses looks for narrow width approx.

3) Two general tendencies we shall encourage:
— 2-d search: Resonance mass vs Width.
— Establish common generic models like in SUSY.
— Coordinate different channels.
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il Challeges @8 TeV

W% 1) Basic S-channel searches are well established and would

be probably repeated at 8 TeV:
— Main challenge: keep trigger rate under control with
larger lumi/pile-up

2) Atvs =7 TeV for M(Res) > 4 TeV the shape is
deformed by proton PDF (not enough high x partons).
At Vs = 8 TeV problem moves to M(Res) > 5 TeV.

3) Need to search in new directions: paired production,
non-resonant productions, large width resonances, decay
chaines.

4) Still room free for the fermiophobic models.

5) Did we missed something below the TeV?
6) New ideas?
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2.6) Search for EW like models: Z' - ee, pp

CMS preliminary, [ Ldt = 4.7/4.9fb™, ee/lun Vs =7 TeV
-1

CMS preliminary, [ Ldt = 4.7/4.9fb™", ee/uu Vs=7TeV
o 10 13100 Gev & 900 GeV
3000 GeV - |
2900 GeV i
2800 GeV E_0.0G
2700 GeV
-2| 2600 GeV 800 GeV £=0.05
10 12500Gev \\
700 GeV
M
-3 5
10 10
B Stueckelberg Model
— 500°Gev 1000 GeV > M,.> 400 GeV
e [ - (-/4.,0)
= - —ae- (0,7/4)
-lt-r 10 = . (J‘dqﬂrl.z.). il
= 107 10 107
—_—
— €q
=
-.E : : : : :
] - Generic limits: coupling (width) vs mass.
—— - Utimately this shall be done by most of the
: searches.
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2.4) Search for EW like models: Z' - ee, pp

‘ T T T ‘ T T T I T T T |
CMS preliminary \s =7 TeV '[ Ldt=4.7fb"

—— DATA
102 Bl (ve)

M z/v* — 1t (MC)
] WW (MC)

[ Wz (MC)

I tw (MC)

Il W+jets (MC)

[ Z/y* — up (MC) —

e'w/e’u’ events / 10 GeV

10
[ Z/v* — ee (MC)
[ acp

]

200 400 600 800 1000
m(e*w)/im(en*) [GeV]

— Prompt leptons backgrounds: W+jets, tt, Z - TT are flavor
symmetric. Estimated out of ey sample.
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2) Tracker performance
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- Full silicium technology.
- ~75.000.000 channels.
Performance in collisions
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