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Technicolor

THE STANDARD MODEL

Fermions

Alternative to the Standard Model Higgs mechanism

— Technicolor (TC) models:

* Intfroduces a new stfrong dynamics

* Predicts new fermions (techniguarks) sensitive to TC
— typically N isospin doublets

SISUIED 3310

— gauge invariant under SUN, ),
If N =3:
* QCD-like dynamics atf scale O(A.):

* When coupling becomes strong: chiral

symmetry breaks
« SU2),®SU©2), = SU®2)

. <@LQR> - 0~ /\TC Cg:g. techni-up
« {Q,Q,» not invariant under S Qd
SU(2),®U(1), = sponfaneous EWSB techni-down
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( Technicolor (1D

» The N, Technicolor isospin doublets are invariant under SU(N, )rc gauge group

« SU@), ®SU2), —» dynamically broken:

« <QQ> #0~ /A~ Fr =246 GeV! » M, = "2 g-Fr— right gauge bosons mass
— but EW precision constraints & flavor-changing neutral currents:

— "scaled-up QCD" models with a running coupling: are excluded

— TC with a “walking" coupling is OK

J\‘ a /

GS : TC :
| running coupling walking coupling
|
| q (GeV) | q (GeV)

Two variants of Technicolor are under study:
Low Scale Technicolor (LSTC) & Minimal Walking Technicolor (MWT)
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_“Lane and Eichten, Phys. Lett. B222, 274

I Low-scale Technicolor (LSTC) model

Particle spectrum considering only SUN,.=4) ;N =9
the lowest-lying doublet

<A [
= =

782

—| 330

300

770

135

Mass (MeV)

200

Mass (GeV)

- N\ ..~ 246 GeV/AN 5~ 100 GeV
Qu-Qp = 1
Walking coupling

):
C
Scalar Technipions: m_(Goldstone bosons)

~ *Vector Technimesons: near-degeneratfe p_w,

Techni-isospin ~ good symmetry - m(p,) = m( w,)
*Walking decreases m(p,)/m(m,) splitfing
*V — nm_decays are typically forbidden
Narrow resonances
Lo M)
* Main Decays modes: . . p.2/w.2,al = II, Zy

e p.a; - WZ Wy
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LSTC previous studies

CDF Excess in Wjj production for m, = 144+5 GeV width ~ detector resolution

PRL 106 (2011), 251803
Interpretation as:
o; = W+ (M -j))
- M(p,) ~ 290 GeV
- M(m) ~160 GeV

2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (D
! o
CDF anomaly <
‘No excessseen = &
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in the D@ data
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R.Foadi, M. T. Frandsen, S. Sannino PRD 79 (2009) 035006
Minimal Walking TC (MWT) model

* Smaller representation wadjoint SU(2) —»less particles in the spectrum
- Simplest spectrum no . (only longitudinal components of the W 2)

180

% L. Agerio Bella

* Important parameters are the coupling g and M ,, which set:

- Resonance cross sections, widths and mass splittings
- Different notation: R, = p, and R, = a, resonances

- Lightest friplets of vector mesons, defined as— m, > m,

12 7+ 1T 1 ¥ ¥ 1 ¥ T ¥ ¥ T ¥ T ¥ ¥ T I
10 i Consistency of the theory
gl == CMS Data [1]
"\ Tevatron =" 587,30
== Smhl.50
= = 13TeV,100b",3 ¢

13 TeV, 100,50

» No direct limit : CMS W' resulfs

reinferpreted in the MWT
“scenario

CMS reinterpreted data

EW precision measurements

M, (TeV)

(Andersen, Hapola & Sannino 11)




( 1C models and H discovery?!?

* LSTC:

- Higgs-less model but...
» New pseudo-scalar resonance n,

— Mn, ~= 125GeV

* Dominant decay modes:
-N; = 99 yy. ff,
— 2-photon rate ~same as H
— but very little Z2*, WW*
| * MWT:
- Composite Higgs in the spectrum — o, =H

- Diphoton MWT/SM rate ~ order one
- gHZ*Z and gHW*W MWT rate ~ 20% SM
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LHC proton-proton collider

« 2012 run s =8 TeV
- ~ 30fb™* expected by the end data-taking

44m

25m

Tile calorimeters

LAr hadrenic end-cap and
forward calorimeters

Pixel detector

__________________________

Muon chambers Solencid magnet | Transition radiation tracker

Toroid magnets LAr elechromagnttic calorimeters

Semiconductor tracker

- L. Aperio Bella

Delivered Luminosity [fb 1]

-
(9

10

o5 ATLAS Online Luminosity

= 2010 pp Vs = 7 TeV
2011 pp \s=7 TeV
— 2012 pp Vs = 8 TeV

\s =8 TeV
~20 fb!

\s =7 TeV
5.6 fb"!

o' i oct

Month in Year
3]
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_~ ATLAS-CONF-2011-097

! 0, =W, »Wjj at ATLAS

* Repeat CDF study of W + 2 jets production
* Keep selection as close as possible to CDF
Less favorable than at TeVatron: signal x4

 *Selection:

~ eE >25GeV(e).p,>20GeV ()
e MET > 25 GeV, m > 40 GeV
e p.(eh) >25GeVinin |n|<2.8

H % ' e e E e
ol ATJLAS Preliminary L., - T R 1 MR SR
g Ldt=102f"  Cwees . ok i
& - [ Jaco . > ——— SM background
o 9000 — e+lL, Njet =2 i = = )
C -Z-+jets n 0:5_) 5
4000— sty — “10° - E
20001 = : g -
mof_ Most-significant ex_é,ess ~ 0.30[225, 270] GeV % ]
: : ‘ TR
I 1000;— J_ﬁ_’_‘—LHH\ —; 102 ATLAS Preliminary | | |
| _ d) ~ T 1 1 | 1 1 1 T | 1 1 1 1 | T 1 1 |:
L R ——— 2 :
s MET | | | | | | T Op -
E ;'E ;:H#"“'—"""-"'ﬂwf'*_’_"_’_-i- ++++++H+++++_+__+__+i @ -2 . ,_significance of interval: 0.335 L L ;
0sE , , , , , . & 100 150 200 250 300
0 50 100 150 200 250 300 350 400 M, [GeV]
M, [GeV]
: p-value in "CDF region" (120, 160) GeV = 0.50, no excess seen :
N L. Aperio Bella —
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ATLAS Search diboson channel

E106§f|"'""""'"'|"'|"'|"'|"1§
m g5l —ppa o WZolv 7 e | STC resonance
X —— p oy a =1 =
° 10t _ gemri 1 0 Verynarow
10°F — #4R,R-1 3 ¢ The main decay channel diboson
107 7 — WZproduction
10F = - mg=m_+m, - BRWZ) ~ 98%
1 -
Lf 1s=TTev . * wide range of Mass
10 § mpT-n],Lr: mw E
ok 1 - fromhundred GeV fo few TeV
200 400 600 800 10001200 1400 1600 1800 2000
m;. (GeV)
W
* Two hierarchy mass assumption wW*  pr

1D m(ay) >> m(p,)

A
w w
2) m(oT) = 1.1 *m(pT) Contribution of W*  pr w* ar
both the axial and the vector resonances +
A A

b L. Agerio Bella = p— 11




'Phys.Rev. D85 (2012) 112012

LSTC in dilbboson resonances  [Zion ]

(\ Run Number: 183780,
/ / N Event Number: 7827222
b)) /A AR Date: 2011-06-20, 23:54:44 CET

| 74 ) R B 3 Cells:Tiles, EMC
g EXPERIMENT

-

\ \: .II".'
\\ ix i

IS’rrc:’reqv
*W/Z production in the WZ-—= vl

* 3 isolated leptons
* Large MET

*SM bkg evaluated control regions
*If no excess found
— Limit set on oB using m.(W2)

L. Aperio Bella — 12




Phys.Rev. D85 (2012) 112012

Event selection and background

SM WZ ConTroI reg|on m (WZ) <3OO GeV

' ' = 3 — I ata 7
° pT<OT) — WZ - I p (l,l —e,lJ) 8 16_ G 7TeV st; 2011
. . . ~ 14 ]

> 2 opposite sign leptons with m, — m, < 20GeV : |- 102 =
|5 - ; Ciets
» 39 |lepton + MET>25GeV o 1op ATHAS E
» Only 3 leptons (ZZ background) 8 ‘ E
> mW>15 GeV i3 i| | :
4- 7
of ‘ E
Backgrounds | o I
> Diboson final state — R 12?nw£fv1

!

MC: Non-resonant WW, WZ, 7Z, Zy I'+jets Con’rrol region: MET<25GeV
> L L T
q . W/Z 8 16: V=7 TeV D:\z;;aZOﬁ m

N 14:_J p Wz
a A~ W/Z % b Ldt =1.02 fb %ﬁets E
l G 0 ATLAS =
» Fake (and non-prompt) leptons — - E

Data-driven: |I'+jets

q W/zZ

X L. Aperio Bella — e—— 13
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Phys.Rev. D85 (2012) 112012

[Results o

S -
G FATLAS \s=7TeV  [wz :
8 I mzz ]
Use m.(W2) distribution to search for 5 1ok JLdt= tozh' St | .
c - CJW'(350 GeV) 3
resonant WZ production. 20 i aev) -
— No Evidence for a resonance in the L N
m.(WZ) spectrum
g L B LN R B B 10_15_ E
g ATLAS %G(F)p_)pT,ar_)WZ) Eé | | | Y | :
X 10 —  Expected Limit -~ _| 0 100 200 300 400 500 600 700 800 900 1000
b " Expected + 1o . mi' [GeV]
Expected + 26 A
I — Opservediimit |1 Set 95% CL limit on 6B vs m(p,):
: sz 7 TeV 4+ - For each test mass, use binned
LLR for each channel and
B3 1 combine four channels together
) JLdt -1.021" (modified frequentest approach)
200 300 400 500 600 700 800

L AperioBella - e . 14




Phys.Rev. D85 (2012) 112012

Inferpretation in the m(ﬂl) : m(pl) plane

500 T T T T | T T T |
ATLAS

m, [GeV]

J Ldt=1.02fo"

m

aT>> mp

T

*
*
.
.
+
*
+
.
*
"
-

300[— \s= 7 TeV

(4
(%
(4
(L

200

Observed Limit with P Acceptance
Expected Limit with P, Acceptance

Observed Limit with W Acceptance _|

.
0“.

* CDF anomaly
T [T

s S00———— I ;
[0) ATLAS / : ol
. -1 S -
£ 400 J. Ldt = 1.02 fb J .
m, =1.1m, i

300/~ \/s= 7 Tev —

Observed Limit with P, Acceptance
Expected Limit with Py Acceptance
Observed Limit with W' Acceptance
Expected Limit with W' Acceptance

100 = seesesass Expected Limit with W’ Acceptance M, = m, - my
. 1 ol S S — 300"
205 255 255 o 200 300 400 500 "
m, [GeV] My, [GeV]
A X e Excluded pr mass [GeV]
for the pr technimeson|ma, = 1.1m Map > Mpp
W' in PYTHIA 483 (553) 469 (507)
pT in PYTHIA 467 (506) 456 (482)
b L. Agerio Bella p— 15




ATLAS Search dilepton channel

T 10°FT EEN E
m o5k —rpaoWZolv 1 o TC resonance
X — pJora > | 3
° 10 __ g2RrR LI 3 T Vverynarrow
10° — R R0 4 *The dilepton channel is the cleanest
10° T sample.
10 = 2 TC models considered
1 = .
5 *wide range of Mass
10—1 \E= 7 TeV =
I = = from hundred GeV to few TeV
"200 400 600 800 10001200 1400 1600 1800 2000

My (GeV)

q

* TC resonances couple to
lepton pairs through the
Drell-Yan process.

* Contribution of both the . f
axial and the vector
resonances

b L. Aperio Bella - — 16




" submitted to JHEP: arXiv:1209.2535 = =

1C in dilep’ron resonances =510

Itun “»umber: 18721,

FEvenl Mumhber: 111269544
Daute: 2011-08-03, 02:11:56 CET
ElCul=0.4 Gey

FiCul=0.2 GeVv

Yerlex Culs:

Z direction=<lcm,

Rphi <lcm

Flectron:
Cells: Tiles, MO
Colleetion:

* Looking for high-mass TC resonances in the
dilepton invariant mass spectrum:
— 2 isolated leptons very high energy

* If no excess found
— Limit set on 0B and parameter phase space

s |
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“ submitted to JHEP: arXiv:1209.2535

. Search for resonances in I*IF channel

e 10"

c @& Data 2011

g g0 ATLAS e
. R [Lazaonm'  Ee Inv mass distribution of the
Electron  '** S=7TeV oo o lepton pair with highest p,

< E> 25 GeV § 10° [ ] R+ R, (800 G=V)
| B> 25GeV e IR R, (1100 Gev) *  Backgrounds:
- eInl<247 -
oM_>70 10 Real lepton MC expectation:
.- 1 — DreII—YGn (dominant & irreducible)
A1 . -
o Search regior), iy — Diboson (WZ,2ZZWW), tt
89900 500 30 1000 S5 Fake lepton Data-Driven:
m.[Gev]  — W4jets, QCD multijets
g 10° atLAS lélgfta?ﬂﬂl * Normalization of SM
1 - ,
e " 0° J Ldt=50f" Egm " expectation and data over
Muon 10° \s=7TeV EE::ESDUGZ\J; The / Deck
I *p.> 25 GeV 10° [J5#r, (750 GeV)
| I\/I 20 102 [J5<, (1200 GeV)
* M2
W 10 g ———n g s
1 : Good agreement data
10° : and SM prediction
107
: — NO excess observed ¢
80100 200 300 1000 2000 PP PP i
m,, [GeV]




submitted to JHEP: arXiv:1209.2535

Limit on the LSTC model

1

= I L
= ATLAS 3
No excess observed — 95% CL limits on the ° B=TTeV st -
. \ 107 e [ Expected=+ 1o il
oB vs m(p, /w,) using Bayesian approach: Expected: 20 3
— Observed limit
102 £
m(pr) = m(nr) + m(W) I :
m((ET) =1.1x TH(F)T/UJT) 1 g_ee:JLdt=4.9m” = =
- electron .
T TE IR | E 7 S 7 E 5 I
2 F ATLAS e M2, e
m N Is=7TeV --- Expected limit ]
o i
10" pT/(DT!a'r—) I .Expectedi 1o B § 1; o IAIIr.IAé ' ' _“'E ' '“r'nﬂ' ;
Expected* 2 5 © F oo ]
P - ] o'l pfora, — i I Expectedt b |
— Observed limit = Expected: 20
10% = — — Observed limit -
§ —LSTC - ok .
10° 10
- ee:JLdt=4.9fb'1 ;
:Huidet=5-0m'1 840 GeV 0 =506 08 T iz 4
10—4 I B R L l | Cl MPTJ’MTH—G
04 0.6 0.8 1 1.4
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<~ submitted to JHEP: arXiv:1209.2535

Model parameter space limif

Extend the 1D Limits

- limit on the oB vs mass are used to constraint different model parameter space

9

00

> ~ [ Dilepion 95% Exclusion / / ‘]
0] 8002 - - - - Expected Limit LT
— _ - - - - Expectedt 10 K=
3 m M, o, - Ms, = My R
= 7002 R M:T/< Mp o, /3 R _:
- [ Excluded: M, >M,, .0 3
600§ * CDF anomaly L’ ]
- vt -
500= =
400 T \s=7TeV
/ O, &, — Il 3
300 e e =T
200 ~:‘,_f:: ---------------- eeILdt 491
100 | | ATIFAS | | WJLT” SOfb_f

300 400 500 600 700 800 900
p o, [GEV]

LSTC: large phase space excluded (CDF anomaly excluded)
m(pt/wt) excluded between 250 - 850 GeV, m(mr) 50 - 800 GeV

——— —

.
A\ 11 oq

[
DE
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i/ submitted to JHEP: arXiv:1209.2535

hypothesis:
E‘ E T ‘ T T T ‘ T T T T T T ‘ T T T | T T E
& F ATLAS Evoected it
@ r (s=7TeV - xpeciedimt
101k Ry R, l Bxpected 1o _|
= Expected+ 26 7
B — Observed limit ]|
107 . =
N —MWTE=2 3
]
10°E -
B ee:JLdtzd_Qﬂ]" S
- ) i
4_}Lpl.JLdt=5.Dﬂ) B
10 E 1 | 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1 1 E

0.6 0.8 1 1.2 14 1.6

M, [TeV]

Minimal Walking g-M, plane

No excess observed — 95% CL limits on the oB vs mass for the R, resonance. ‘
1D limits franslates in exclusion region in the g-M, plane, scanning different g

I‘D‘jgfllllllllllIIII|IIII|II__
- ATLAS \s=7TeV A
u R,R,—=1l 7

Bz_ee:_[Ldt=4_9ﬂJ'1 uu:_[ Ldt=50m" LI /
7:_ B Dilepton 95% Exclusion Z
[ mmmaa Dilepton 95% Expected limit fd
MEETETE Dilepton 95% Expected limit+ %~ / o
- [°71 Running regime ) 77177 ]
6 ) I E\V precision test II,-' _____ 7]
‘ .
[ -
III'. ..... %
V77777
|' ....... -]
V7%
> P =
N W

2 200 1000 1500 2000 2500
M, [GeV]

L. Aperio Bella

I ———— 1 |



Conclusion

* TC models used as benchmark for ATLAS searches in different final states
- Search for W/ resonant structure in m (W2) distribution using 1 flo' of data
(Phys.Rev. D85 (2012) 112012)
- No discrepancy from SM expectation — LSTC p, technimesons with masses below
467 GeV are excluded af 95% CL for m . = 1.1"m ;using the PYTHIA
implementation of p. production.

- Also exclusion limits on the (m_;: m ) plane are sef.

* Search of new resonance in dilepton spectrum within two TC

scenario the LSTC and the MWT. (submitted to JHEP: arXiv:1209.2535).

- No evidence for a TC signal is observed in 5 fb' of data recorded in 2011 and
95% C.L limits are set for both the TC models.
— LSTC: m(p,/w,) excluded below 850 GeV

- MWT: g-M, parameter space is excluded for M, between 360 - 1500 GeV forg
values corresponding to 6 and 2, respectively.

Thanks!
b L. Aperio Bella - . 22




ATLAS Exotics Searches® - 95% CL Lower Limits (Status: LHCC, Sep 2012)

Large ED (ADD) : monojet + E
Large ED (ADD) : monophoton + E

T reas

T.rmess
@ Large ED (ADD) : diphoton, m,,,
S UED : diphoton + E, ..
2 RS1 with k/M,, = 0.1 : diphoton, m,,
g RS1 with k/M,, = 0.1 : dilepton, m,
S RS1 with k/M,, = 0.1 : ZZ resonance, m,,
o RS1 with k/M,, = 0.1 : WW resonance, my ,,,,
= RS with BR(g,_ —t)=0.925 : tt  I+jets, m

L

. it boosted
ADD BH (M,,, /M,=3) : SS dimuon, N, .

ADD BH (M, /M ,=3) : leptons + jets,Lp
Quantum black hole : dijet, F (m

1=5.9-46.1 ", § TeV [ATLAS-CONF-2012-129]

| I T T TTI
M, (5=2)
M, (5=2)

Compact. scale 1/R
Graviton mass
Graviton mass
Graviton mass

Graviton mass

KK gluon mass
M (5=6)
M (5=6)

M, (5=6)
A

A
249 TeVW F mass

L=4.7 fb", 7 TeV [ATLAS-COMF-2012-067]
L=4.7 b, 7 TeV [1209.444E)
L=4.7 fb", T TaV [COMF-2012-006]
L=1.01b", 7 TeV [1205.1018]
L=4.7 1", T TeV [1209.4446)
L=1.01b", 7 TeV [1112.4628]
L=1.01b", 7 TeV [1203.3172)
L=4,7 16", T TeV [Preliminary]
L=4.7 fb", 7 TeV [ATLAS-COMF-2012-130]
L=201b", 7 TeV [1204.1265]
L=4.7 b, 7 TeV [1209.4166]
L=d.6fb", T TeV [ATLAS-COMF-2012-137]
L=d.6fb", T TeV [ATLAS-COMF-2012-137]

) W' (SSM) 1,
> W (- tq, g =1):m,
W'y (- tb, SEM) :m_

e Scalar LQ pairs (5=1) - kin. vars. in uujj, i

th

© . 4" generation : tt— WbWb
= 4™ generation : b'b'(T, T, .)— WWt
8 New quark b’ : b’ Zb+X, m

g Top partner : TT — tt + A A (dilepton, Mmﬂ
> Vector-like quark : CC,m,,,
< Vector-like quark : NC, m,

oW
@_ .E Excited quarks : dijet resonance, ;n
SE Excited electron : e-y resonance, m
.o Excited muon : u-y resonance, m’
"""" ~ Techni-hadrons (LSTC) : dilepton, m__,,,
_ | Techni-hadrons (LSTC) : WZ resonance (vill).m
g Major. neutr. (LRSM, no mixing) : 2-lep + jets
S W, (LRSM, no mixing) : 2-lep + jets

H™ (DY prod., BR{H"—pp)=1) : S dimuon, m .
Color octet scalar : dijet resonance, m,

13Te¥ 7' mass
285 Te VW' mass

350 Ge¥ W' mass

113 Tev | W' mass
242TeV W" mass
g60Gev T gen. LQ mass
685Gev 2" gen. LQ mass
6568 GaV | ' mass
670 Gev b’ (T, ) mass

400 GeV D' mass

4836ev T mass (m(A ) < 100 GeV)
142Tev  VLQ mass (charge -1/3, coupling kg = v/mg)
108Tev  VLQ mass (charge 2/3, coupling ko = v/m,)

" mass

4" mass
e* mass (A = m{e*))
" mass (A= miu*)

M (GRW cut-off, NLO)

ATLAS

Preliminary

def =(1.0-6.1)fb
fs=7,8TeV

A {constructive int.)

p fo; mass (mip fo) - mir ) =M )

p, mass (mip.) = mn;) +my, mia ) =1.1mip_})

N'mass (m(W_j =2 TeV]

H* mass

Scalar resonance mas
| | L 1 1111

W mass (m{M) < 1.4 TeV)

10

*Only a selection of the available mass limits on new states or phenomena shown

1 10

10°
Mass scale [TeV]




Backup slides

24



W e SIS i S— —
Object reconstruction in ATLAS

* Muon:
- Combined frack: inner taker + Muon spectrometer
- Track Isolation

* Electron: | {len= h

- |D cuts on tfrack and shower shape ' ‘\? ¥ "JLASSN wﬂdronicgn.cqpqnd
- Calo Isolation AW [ T . S 'S

. m: Muon chambers SOlenOidsr::,?::,:du;?:::; :’Gdidﬁon'rmcker

- Inl<4.5

- Culated from all Calo-clusters + the muon fransverse momentum for events in the
muon channel.

- Calibration is applied to each calorimeter cluster to correct for energy loss in un-
instrumented regions and for the different response of the calorimeters to hadron
and electromagnetic shower components

o @:

- Reco from calorimeter clusters using the anti-kt algorithm (radius parameter 0.4).

- The jet energy is calibrated to account for the different response of the calorimeters
to electrons and hadrons and for energy losses in un-instrumented regions.

L. Aperio Bella . 25




LHC proton-proton collider

« 2012 run s =8 TeV
- ~ 30fb™* expected by the end data-taking

I 25m ‘r."-‘

. Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

! (§1 /i
g ‘ Toroid magnets

Muon chambers Solenoid magnet | Transition radiation trocker

Semiconductor fracker
0
=—In|tan|—

- L. Aperio Bella

Pixel detector

LAr electromagnehic calorimeters

- Combined track: inner taker + Muon
spectrometer

- Track Isolation

° Electron:

- |D cuts on track and shower shape

- Calo Isolation

o M:

- Inl<4.5

- Culated from all Calo-clusters + the
muon transverse momentum for events
in the muon channel.

o @:

~ Reco from calorimeter clusters using
the anti-kt algorithm (radius parameter
0.4).
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T

LHC proton-proton collider

« 2012 run s =8 TeV
- ~ 30fb™* expected by the end data-taking

44m

25m

Tile calorimeters

LAr hadrenic end-cap and
forward calorimeters

Pixel detector

__________________________ \ g

Muon chambers Solencid magnet | Transition radiation tracker

Toroid magnets LAr elechromagnttic calorimeters

Semiconductor tracker

- L. Aperio Bella

The LHC and the ATLAS

Delivered Luminosity [fb 1]

detector

-
(9

10

o5 ATLAS Online Luminosity

= 2010 pp Vs = 7 TeV
2011 pp \s=7 TeV
— 2012 pp Vs = 8 TeV

\s =8 TeV
~20 fb!

\s =7 TeV
5.6 fb!

o' i oct

Month in Year
0
=—In|t —
18] Il( an(z))




CDF Qnomcly
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LSTC PYTHIA parameters

TCSM Parameter choice:

Techni-isospin symmetry — isofriplet p. and the

isosinglet w. degenerated in MaAss
M) = M (w)
$
M(a) > 10% M(p,)

Isotriplet of technipions —» nearly degenerated ,
nMasses not small

I\/I(nT) = I\/I(pT) -m(MW) - ol ,wT—mTW allowed
The ©@% scale choose is: s 29




o, — W/ decay in Pythio

The p, meson is expected to decay predominantly fo longitudinally
polarized W and Z bosons, similarly to the massive W’ boson

Pythia implementafion of p. - WZ does not account for the vector
lboson polarization in their decay

Spin correlations have been taken into account for W’ in Pythia

Choose to set pT cross section limifs using Axe for p. calculated
1) Using the default pythia implementation of p,

2) Assuming Axg for W’ works also forp., also theoretically we
expect similar angular distrioution and acceptance for W andp,

L. Aperio Bella
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( MWT model parameters:

— bare axial and technivector masses: MA and MV ;
— @, the strength of the spin one resonance interaction;

— mH, Higgs boson mass;
— S, coupling of Higgs boson to composite spin-1 states.

- the Higgs boson mass is mH = 200 GeV
- s=0

- the S-parameter set o S=0,3

X L. Aperio Bella - —

— S, the S-parameter obtained using the zeroth Weinberg Sum Rule;
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Diboson search systematic uncerfainty

* Lepton systematics: energy/momentum scaling and
smearing, reco/id efficiency, isolation

* MET systematics: resolution, in-time and ouf-of-time
pileup

* PDF uncertainty on new physics signal acceptance

| * Luminosity uncertainty

* Trigger efficiency

* Correlations between different channels

X L. Aperio Bella - —
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/ATLAS-EXOT-2012-01-001

Search for resonances in I channel

7' Minimal models Kaluza Klein resonance ‘
’;,_ \_“‘\‘l‘l‘\“‘\“‘ N R N ‘\“‘\\5‘\& U’2-2:"I""\“"\i‘l“\"“\“"\‘“‘"“““““& . .
T e QAN g s ATAS - *High Mass Dilepton Resonances
ey A o Weeire E
L :ezzéi))( pected) p §§§\%§§§\ J 1‘6‘; Expectedtlzcls ¢ prior E pO per
..... 0z ) (expected) Al \§§ F — Observed limit
IO\ * Looking for high-mass
ok W ;
7 R 'Esxgg\\“‘“ T o . .
A oe j resonances in the dielectron
S ‘?._%e ] 0_4§ e Ldt=5.0fb'1é . . .
) pu:JLdtzs.ofb",ee:JLdt:4.9fb'* Fun | 7 0_2; ee:'[Ldt:zt.gfb"i Ond dImUOﬂ InVOnOnT mOSS
07 04708 08 TS A e e 2 O gE e e e
Ve, 1) e spectrum
[] 1 . I I i '
Technicolor resonances Torsion If no significant excess found:
S L L L B B BB B o 0. pT T 0 I I .
? ATLAS ;@:Rne\”: & O rEEmrr e 95 /0 C I— I|m|TS are SeT USlng d
8 eeJLu|=4.9fb" uu:_[Ldt=5.oro" LR ; . o E B ' H '
| | 1 | ool i ayesian approach, flat prior in
T Do o Bt = | 035 ‘ Expected Limit 4 =
i el /| = e E
et s f'f:::::_; ATLAS _E O*B
| = —Several 1D and 2D limit plots to
. . ‘*GJJ“““”” - constrain different parameters in
N | 1 _ we | Ldt=501" 3
R MZ“’?%V] s e e s The phase-space for each model
alGe Mg [TeV]
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Data and MC samples

o 75 ATLASOnline Luminosity \e-7Tev -
. . Z - [ LHC Delivered
Channel Luminosity S °F [JATLAS Recorded F
% S5 Total Delivered: 5.61 fo'
Electron 4917 fb! 3 i Total Recorded: 5.25 5" E
g n
Muon 4.99 fo g 5 E
s o E
= - .
1 =
SM Backg rounds 28/()'2[ - 30/0I4 IIIII 3I0/0I6 IIIII 3I0/0I8 IIIII 3I1/10
Day in 2011
Process oB (pb) Generator [PDF] Order and corrections
Z/y* 990 PYTHIA [LO**] with mass-dependent NNLO
QCD and EW k-factors
tt 165 MC@NLO [NLO] scaled to NNLO cross-section
WW, WZ, Z2Z 70 HERWIG [LO**] scaled to NLO cross-section
W+jets 1*10* Data-driven/ALPGEN [LO**] — /scaled to NNLO cross-
QCD Multijets — Data-driven section

L. Aperio Bella




~ATLAS-EXOT-2012-01-001

| Search for resonances in Il chao

NN

I I
[ oY
- LSTC

* Looking for high-mass TC resonances in the
dielectron invariant mass spectrum

aB [nb/iGeV]

10°F E

* Backgrounds: : .
- Drell-Yan (dominant & irreducible) |
- Diboson, ttoar
- Wijets, QCD multijefts T Y Y PN TR
m, (GeV/c’)
Process oB (pb)  Generator [PDF] Order and corrections
Z/y* 990 PYTHIA [LO**] with mass-dependent NNLO
QCD and EW k-factors
tt 165 MC@NLO [NLO] scaled to NNLO cross-section
I WW, WZ, ZZ 70 HERWIG [LO**] scaled to NLO cross-section
W+jets 1*10* Data-driven/ALPGEN [LO**] — /scaled to NNLO cross-section
QCD Multijets — Data-driven —
* If no significant excess found above the SM expectation: 95% C.L.
limits are set using a Bayesian approach

35
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ATLAS-EXOT-2012-01-001

Search for resonances in I channel

Events

electron

Events

muon

.I DB

I 2

10

ATLAS

ij:49m”
Vs=7TeV

T

# Dats 2011
Oz
[]pibosan
[Ty
[Jaeco & weleats
[]Rs. R, (500 G=\)
[]Rs. R, (800 G=\}
[]Rs R, (1100 GeW)

I D-'l )
Search region
1[]-2 | > | ----
80100 200 300 1000 2000
Mee [GEV]
T T T T T T T T T T | T
o Data 2011
10° ATLAS e
Diboson
10° J Ldt=50fb" =X

80100

200 300

\s=7TeV

1000

[]5+¢, (350 GeV)
[]5+; (500 GeV)
[]5<; (750 GeV)
[]5+» (1200 GeV)

2000
my, [GeV]

Number of events

significance

Number of Events

significance

10°E ATLAS -
- Ldt=4.91b" ]
102 E J. =
- Ns=7TeV 3
10 E =
E E
B - @® Data =
10" =
= B Background expectation 3
= with syst. uncertainty 3
102 Il significance with stat.
and syst. uncertainty
10° E ,
D I
1E
0
Al R JOT SRR
2] ST , ........... , I....l ...........
0.2 0.3 0.4 1 2
mg, [TeV]
. ]
107 ATLAS E
10° | J.Ldt=5.0fb'1 -
- \s=7TeV 3
1 =
i ® Data |
10"
? B8 Background expectation é
o[ with syst. uncertainty b
10 E Il Significance with stat.
- and syst. uncertainty
10° =
3 =
2 =
1E--
0
-1
-2
-3

- L. Agerio Bella

electron

muon
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Signal MC

Process Generator Order and corrections ‘

Technicolor PYTHIA LO**  with mass-dependent NNLO QCD and
Madgraph LO EW k-factors

q ' TC resonances couple to lepton pairs through
the Drell-Yan process

— weighting procedure is developed starting
from the DY continuum fo create the signal
reconstructed MC samples

TC

Zony Zoy*

0l

L ApetiopB el o 37
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Dilepton search Systematic uncertainty

* Normalization to Z peak in both channels

- Cancels out mass independent systematics

* Contributions < 3% give negligible contribution in the limit setfings

m,, = 200 GeV
Source Dielectrons Dimuons
Signal ~ Background | Signal = Background
Normalization 3% NA 3% NA
PDF/a, /scale NA 4% NA 4%
W + jets and QCD background NA 7% NA -
Total 5% 8% 3% 4%
m,=1TeV
Source Dielectrons Dimuons
Signal  Background | Signal Background
Normalization 5% NA 5% NA
PDF/a; /scale NA 7% NA 1%
Efficiency - - 3% 3%
W + jets and QCD background NA 12% NA -
Total 5% 14% 6% 8%

) —

L. Aperio Bella




Bayesian Statistical Method

Bayesian approach to compare m, distrioutions from data to the

SM backgrounds and signal templates for each model.
* For each test mass, we use the binned Poisson likelihnood

N, ¢ N?® —(Nx+Ny )

’ bin {NX+NE) )ka e ‘X bg Jk

L(N_,N,|data)= £

* Systematic uncertainties are incorporated in the likelihood via
nuisance parameters, which are infegrated out

¢ Setting limits
- 95% CL inferval on N(X)
- Converted into 95% CL limits on oB(X)

L. Aperio Bella —
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( Dilepton Search for a signal

»use 2D maximum likelihood fit to find most probable M, . and o,

LLR
> 3 '
= | ATLAS |

P-value: is the probability = W

of observing an b J Ldt=4.9fb"

outcome at least as o il \s=7TeV p=0.396
signal-like as the one .

observed in data, 1 Z -

assuming that a signal is b o Signal Scan, BestFit |

absent.

0 0.01 0.02

get p-value by comparing to pseudo-experiments

- electrons: p = 32%, muons: p = 63%., combined 35%
---> No significant excess found

---> Sefting limits

N L. Aperio Bella T e
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| Summary - Technicolor

« Technifermions strongly interacting at the weak scale break the weak
symmetries to U(1)gy W’s and Z’s become massive

should appear

*  ATLAS search:
- Low Scale TC Model

- Minimal Walking TC

*  Main differences between the two models :
— Representations (gjoint for MWTC, fundamental for LSTC) and
gauge groups (SU2) vs SU4)) are different for ftwo models
— Number of tfechni-quark doublets is NoMYTC=1 and NS> 1 (~5)
* Many more new techni-particles would be produced in LSTC

— Energy scale: MWTC = v, and F&C=v,, /YN <V,

« At ~ LHC energies, composite states of technifermions such as techni-rhos, ...

;—“ ——— e




/mmmm e
Limit on the MWT mode|

E EI T | T 17T | IIIIIIIIIIIIIIII | UL I IIIII

Z F ATLAS

% C s=7TeV --- Expected limit
107 i Ry R,— I . Expected= 1o

— Observed limit

05% CL limits on the oB vs mass 107
for the MWT models:
Different § hypothesis: T 70 e S
benchmark O T T ORI

Expected = 2o E

10°
ee: J Ldt=49"

04 0.5 0.6 0.7 0.8 0.9 1 1.1 1

R My, [TeV]
g = E T ] T T E
A = - ATLAS =
g — M = --- Expected limit ]
b — —
10 . Expected= 1o _|
; Expected= 2o ;
B — Observed limit 7
107 _ =
~  —MWTg=2 E
107 —
e[ Lat- : S
4__;4 _[Ldt 50" 6 TeV B
107, | | L R | E

6 . .
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submitted to JHEP: arXiv:1209.2535

Minimal Walking g-M, plane

6 5 4 3 2

Observed limit [GeV] | 359 485 768 1175 1566
Expected limit [GeV] | 352 516 742 1233 1605

9_; | T T T T | T T T T T T T T | T T T T | T I__
- ATLAS \s=7TeV Ao
N R, R,—=1l 7

az_ee:_[Ldt=4_9ﬂJ" uu:_[ Ldt=50f" v /

?: B Dilepton 95% Exclusion 7
[ mmma= Dilepton 95% Expected limit fr ]
C mmm== Dilepton 95% Expected limit + 1o s
- [Z1 Running regime V7 “

6 ) I c\V precision test ."'I _____ ]

‘ o
[ —
III'. ..... 5
927,
|' ....... -]
r ....... -
I‘ ....... =
G -
: | i
2 500 1000 1500 2000 2500
M, [GeV]
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Conclusion

* TC models used as benchmark for ATLAS searches in different final
states

- Search for WZ resonant structure in m.(WZ) distriobution using 1 flo! of

data (Phys.Rev. D85 (2012) 112012)

- No discrepancy from SM expectation — Using the mass hierarchy assumption m,; =
m_.+ m,, , LSTC p, fechnimesons with masses from 200 GeV up to 467 GeV and 456
GeV are excluded at 95% CL form = 1.1m_.and m_, > m  respectively using the
PYTHIA implementation of p, production. Also exclusion limits on the (mm.: mp,) plane
are set,

* Search of new resonance in dilepton spectrum within two TC scenario

| the LSTC and the MWT. (submitted to JHEP: arXiv:1209.2535).

- No evidence for a TC signal is observed in 5 fb!' of data recorded in 2011 and 95%
C.L limits are set for both the TC models.
— LSTC: m(pT/wT) excluded between 250 — 850 GeV
- MWT: g-M, parameter space is excluded for M, between 360 GeV and 1.5 TeV for

J values corresponding to 6 and 2, respectively.

N L. Aperio Bella - . 44




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

