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New Physics? Where?
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New Physics? Where?

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)
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Large ED (ADD) : monojet + E; .. [E=4767 7 eV [i210:4491] 4.37TeV. M, (8=2)

Large ED (ADD) : monophoton + E; .. [E=461b"7TeV [1209.4625] 1.93Tev| M, (8=2) ATLAS
Large ED (ADD) : diphoton & dilepton, m, ., |L=4716".7TeV [1211.1150] 4.18TeV. Mg (HLZ 5=3, NLO)
UED : diphoton + E; .. |£=48%0" 7 TeV [1200.0753] 1#40TeW Compact. scale R”
81/22 ED : dilepton, m, |E=501b%7TeV[1209:2535] azitevw] M ~R™
RS1 : dilepton, m, |£=201b", 8 TeV [ATLAS-CONF-2013-017] 2.47 TeV| Graviton mass (k/Mp, = 0.1)
RS1 : WW resonance, m;,, |L=471b" 7 TeV [1208.2880] 1.23TeV. Graviton mass (k/Mp, = 0.1) »
Bulk RS : ZZ resonance, My |L=7.21b", 8 TeV [ATLAS-CONF-2012-150] 850 GeV| Graviton mass (k/Mpy, = 1.0) ILdt =(1-20)fb
RS g — tf (BR=0.925) : tf — I+jets, M, |L=47 "7 Tev [1305.2756] slo7Tevl g, mass (57 8TeV
ADD BH (My,, /M,=3) : SS dimuon, N, ... |E=i8% eviiio080 WEsTeul M, (5=6) s=/.cle
ADD BH (M.,, /M_,=3) : leptons + jets, 2,0 L=1.0 fb™, 7 TeV [1204.4646] 1.5TeV. M, (6=6)
Quantum black hole : dijet, F (m;) |t=aZfst 7 eviizioizis] 411TeV] M, (6=6)
dqqq contact interaction =y (m ) L=4.8 tb", 7 TeV [1210.1718] 7.6Tev A
qqll Cl : ee & uu, L=5.0 fb™!, 7 TeV [1211.1150] 13.9TeV. A (constructive int.)
uutt Cl : SS dilepton + jets + E; ... |£=14:3 ib™, 8 TeV [ATLAS-CONF-2013-051] 3.3TeV. A (C=1)
Z'(SSM) :m,,,,, [L=201b", 8 TeV [ATLAS-CONF-2013-017] 2.86 TeV. Z' mass
Z' (SSM) :m_, |L=4.7 1", 7 TeV [1210.6604] 1.4TeV Z' mass
Z' (leptophobic topcolor) : tt — l+jets, m  [L=14.3 ib™, 8 TeV [ATLAS-CONF-2013-052] 1.8 TeV. Z' mass
W' (SSM) i My, [L=47 1", 7 Tev [1209.4446] 255Tev. W' mass
W'(—>tq,g =1): M, |L=4.7b", 7 TeV [1209.6593] 430Gev. W' mass
W'g (= tb, LRSM) :m_ |1=143b", 8 TeV [ATLAS-CONF-2013-050] 1.84Tev. W' mass
Scalar LQ pair (8=1) : kin. vars. in eejj, evjj [L=1.0fb",7 TeV [1112.4828] 660Gev 1 gen. LQ mass
Scalar LQ pair (B=1) : kin. vars. in pujj, uwvjj |L=1.0f™, 7 Tev [1203.3172] 685Gev 2" gen. LQ mass
Scalar LQ pair (B 1) : kin. vars. in ttjj, Tvjj [L=4.7fb", 7 TeV [1303.0526] 534 Gev 3 gen. LQ mass
eneration : t't'— WbWb |L=4.71b", 7 TeV [1210.5468] 656 GeV t' mass
4th generation : b'b'— S dilepton + jets + £ Tmiss LL=14.3 fb, 8 TeV [ATLAS-CONF-2013-051] 720 GeV_ b'mass
Vector-like quark : TT— Ht+X [L=14.3 fb™, 8 TeV [ATLAS-CONF-2013-018] 790 GeV. T mass (isospin doublet)
Vector-like quark : CC, M, |L=4.6b",7 TeV [ATLAS-CONF-2012-137] 1.12TeV. VLQ mass (charge -1/3, coupling k,q =v/mg)
Excited quarks :y-jet resonance, m L=2.1fb", 7 TeV [1112.3580] 2.46TeV| * mass
Excited quarks : dijet resonance, m L=13.0 fb”', 8 TeV [ATLAS-CONF-2012-148] 3.84TeV| g* mass
Excited b quark : W-t resonance, m,,, |i=471b", 7 TeV [1301.1583] 870 GeV. b* mass (left-handed coupling)
Excited leptons : |-y resonance, mI L=13.0 fb", 8 TeV [ATLAS-CONF-2012-146] 22TeV |* mass (A =m(l*))
Techni-hadrons (LSTC) : dilepton,m p,/®; mass (m(p_/w;) - m(n;) =M, )

Preliminary

Extra dimensions

"
ee/uu W

Techni-hadrons (LSTC) : WZ resonance (Mll), m e p. mass (m(p.) = m(r;) +my, m(@a) =1.1m(p.))
Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 2 TeV)
Heavy lepton N* (type Il seesaw) : Z-I resonance, m,, © mass (IV, I =0.055, 1V | =0.063, IV | =0)
H* (DY prod., BR(Hﬁ—>II) 1) : SSee (uu) H,* mass (limit at 398 GeV for uu)
Color octet scalar dijet resonance, m Scalar resonance mass
Multi-charged particles (DY prod.) : highly ionizing tracks mass (Iql = 4e)
Magnetic monopoles (DY prod.) : highly ionizing tracks - ITass

1 10 10°
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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The last untested gauge coupling

k endi
PRL 110, 172002 (2013) PHYSICAL REVIEW LETTERS 26 APRIL, 2013

Measurement of associated production of vector bosons and top quark-antiquark
pairs in pp collisions at \/s =7 TeV

S. Chatrchyan et al.* 5 fb —1

(CMS Collaboration)
(Received 13 March 2013; published 25 April 2013)

CMS L= 5.0fb"at{s=7TeV

- ttV (dilepton analysis) ttZ (trilepton analysis)

0.43 271 (stat.) +gg§ (syst)pb  0.28*01% (stat.) +8g§ (syst.) pb

trilepton:
01tz = 0.287 17 (stat) T g3 (syst) pb
oz = 0.13770 515 Pb
dilepton:

oy = 0.437517 (stat) ooz (syst) pb

Cross section [pb]
o
N

| NLO Calculations
Cambell and Ellis, JHEP 07 (2012) 052
NL 0.031
atfvo = 0.306" 523 Pb Garzelli et al., JHEP 11 (2012) 056




The Era of




Top pair production in the SM




Single top production in the SM
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Electroweak triangle

£ =(D,®)" (D'd) - 20T® + X (3TD)
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Top-quark as a link to NP

Weakly Strongly Fxtra
interacting Interacting Dimension
models models

Theory \ l /
motivated




Model Independent Analysis of
(1) Single-top Production
- (2) Wib, Ztt and Zbb Couplings




Top quark anomalous couplings

® NP effects can be summarized 1n effective Lagrangian:

L= ﬁ Vi oy (L PL + fltPr)t

— 5 —0,W, b0 (f{ Pu+ [ Pr)t

b(f+Pr, + f3° Pr)o, tW—#

g
.
\/§ W
g
1
\/§ mw

— & different form factors

b(ff Py + fi*Pr)tO,W ™" + h.c.

e We adopt a new approach of effective field theory to
study top coupling.

== \\/c consider only tree-level induced operators.

C. Arzt, M.B. Einhorn, J. Wudka, Nucl.Phys.B433:41 (1995)



Iree-level induced dim-6 operators
contributing to single-top productions

QHC, J. Wudka, C.-P. Yuan, Phys.Lett.B658:50(2007)
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~Eftective couplings

t q t
W > oy <
_ _/ _
q
; b
Does not interfere with
the SM channel
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0 —0.0007 < Fr < 0.0025

(fLPL + fRPR) bW; + hc}

1 _ _
Osr = Q4fv—2 (Q’W“PLQ) (vaPLt) + h.c.

(3) 9 2 (3), 2
—_ Cqbq v p— Cgbqbv g — C¢q v
A2 2A2 T A2

|
S

Fr




Single

——

® Inclusive cross sections:
Oy = O'?W (1+4F;),
Os = O'g (1 + 4FL -+ 1969Q4f) :
o = ag (1 +4F; — 3.0694f) :

5 — channel t — channel Wi
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But wait ...

® The operator
Oq(b?;) =5 (¢TTIDM¢) (%7“7'[%) + h.c.

induces not only eftective W ¢, b; butalso Z7b; b coupling.

b

¢
W t 7 7

b

LEP Il EWPT

® We need other operators to protect the Zb7, b7, couplings.




Iree-level induced dim-6 operators

Ed L. Berger QHC Ian Low, Phys Rev.D80:074020(2009)




Ettective Wtb, Ztt, Zbb couplings

— 57
B. Grzadkowski and M. Misiak,
—0.0007 < CM’U < 0.0025 ) Phys.rev. D78, 077501 (2008)

()2

CooV° _
Owey = ¢K2 f Wity by — =% \%Wgtm“b3+h.c.
(o =) ETR o VAR,

(1) (3 ))
+ C \/ 2 2 2
( 9+QZ Copv® \/ g +QZ—

A2 12 2 b fylub A2 1 : ubR’Y“bR

J. Alcaraz et al aerv hep ex/0511027

——————____ — — — _—




Efiective Wb, Ztt, Zbb couplings

® New parameterization of couplings
Oww = - F, Wty"by +h
Wtb LW, tLy"or + h.c.,

V2

%Zﬂ (2FL tpyHtr, + Frtry" tr)

Ozix

® The coefficients of the left-handed neutral and charged
currents are related,

gétf — zgﬁ/tb =27

which 1s predicted by the EW gauge symmetry after the
stringent constraint on Zb; by imposed.

——————____ e ——— = = =




How to probe such correlations?

g _
OWtb — ﬁ fL thL’}/’ubL h.c. ]
g _ _
Oz = fzu (2Fp tpyHty + FriryHtr)
w
® At the LHC U. Baur, A. Juste, L.H. Orr, D. Rainwater

Phys.Rev.D71:054013,2005;
Phys. Rev.D73:034016,2006




How to probe such correlations?

9

Owewp = \/5 Fr W:fL’yubL + h.c. ,
Oz = %Zu (2Fp tpyttp + Frtpytr)

® At the Linear Collider

P. Batra, T. Tait, QHC, J. Wudka,
Phys.Rev.D74:054021,2006 Phys.Rev.D74:094015,2006




Impact on 0( )and a(Ztt)

® Inclusive cross sections of smgle-t and Ztt productions:

oy = 0, [1 + 2F + 20V, + O (f,%, 5‘/;%” ,
oz = Oy |1+ 4AF, — L5Fp+ O (FL, Fp, FrFr)

0o = (0 —0")/a” 5V = |Viy|©@®) — |V, |G

4 )

0V = —0.2300 7, + 0.500; — 0.34.FR

Note: Vtb cannot be extracted out from single top production alone.







Top-quark: king of the SM

® Large mass: 172GeV (yf~0(1) ) QUARK MASSES

e Short lifetime:

t ’gg W b hadronization
* >
1

1 1
my I Aqco
SEsaclaads ahacd s 3x10 s
pQCD WEAK

® “bare” quark:

spin info well kept among
its decay products




Charged lepton distribution

® The charged-lepton tends to follow the top-quark

spin direction.

® In top-quark rest frame

1 dl’ -1+ Ay cosbhe
['dcosbie 2

A+ = + right-handed
left-handed




Example 1:

Color sextet scalar/vector




The Models

e Effective Lagrangian ( SU(3)cx SUR2)Lx U(1)y)

Atag, Cakir, Sultansoy, PRD59 (1999) 015008

L= (91L(1§;i’/’2QL E 5 91R,’lt(;’g(11?) ‘1’6,1,1/3
TR "
+ 91rARARP6.1,—2/3 + g1 RURURD6 1, 4/3
+ 93097172 7qL - P 3,1/3

P M e L

tr LR
(lw;,:; < <l>4'i.l <
ty tp

Measuring Spin and gauge
polarizations of both q quantum numbers of
top quarks heavy resonances

Berger, QHC, Chen, Shaughnessy, Zhang, Phys Rev Lett 105 (2010) 181802
Zhang, Berger, QHC, Chen, Shaughnessy, Phys Lett B 696 (2001) 68



Example 2:

Top-quark pair plus missing energy

® Typical collider signature in several NP models

» Minimal
Supersymmetric
extension of the

Standard Model
(MSSM)

spin 0

» Little Higgs Model

with T-parity
(LHT)

» Universal Extra

Dimension Model

(UED)

spin 1/2



Difficulty in t¢t + Fr events

e [t is impossible to reconstruct a top-quark in the leptonic-decay mode.
Angular distribution of the charged-lepton cannot be used.

j / g
g TOOOO0 - - - -® - -

g Q00000+ - - @ --
t / |
Wy

and spins of { and Xo are not known.




Lepton energy and top-quark polarization

Berger, QHC, Zhang, Yu, Phys. Rev. Lett. 109 (2012) 152004

* Lepton energy distribution 1s sensitive to top quark polarization.
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R/ distribution

e {1, and TR are separated LHC: 14 TeV, 100fb"!

(b) tL and t,

t,: x’;in lab after cuts

t,: X’ in lab after cuts

Berger, QHC, Zhang, Yu, Phys. Rev. Lett. 109 (2012) 152004




Summary

Questions: Observables

Do we understand
heavy flavor

Top quark mass

Top quark pair production cross section

Charge asymmetry of top pair

roduction in QCD?
p Q TN+t distribution

Are there more
than three fermion
generations?

Are there new
massive particles?

Single top production

Search for t-prime quark

N &
S
\

Searches for H™ — tb or t — H™b

Constraints on Wtb coupling

Does top quark
have the expected
couplings?

W boson helicity

Search for FCNC top interaction






