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@ TQCD ~ 10725 S(AQCD 100 MeV)
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LHC is a QCD machine!

Digging signal out of QCD: 1 out of 10®

o high pr object of pr > 120 GeV: large mass difference

o large missing transverse energy: E7 > 100 GeV: DM and
right kinematics

o isolated hard leptons (electron or muon) or photon:
et, uT, ~: isolation is the key

o jet with displaced vertex: b-tagging: b is from gluon splitting
third generation new physics
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However, what we see may not be what we think we have seen.

jet/lepton energy measurement

70 — y~: boosted pion may look like photon
D7 being faked as B* 10%.

7 being faked as u™.

™ from B semi-leptonic decay.

© 06 06 06 0 o

7 identification
Qo ... A lot of more faking

We should appreciate the tremendous effort put in by our
experimental colleagues!
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Heaviest known particle ¢: m, breaks electroweak gauge
symmetry.

Large m; couples to symmetry breaking sector (“Goldstone” ,

longitudinal polarized W) strongly.
mp/m; — 0: “massless” b is left-handed polarized.

@ e & M-l
t b W \/E 2
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Longitudinal W polarization: ey ~ k,/mw
* — my _
EQUbL YUt = ——UpL Ut
mw

L(t — bWh)
t— bW+t — bW ) +T(t — bWT)
0 +

fo~30%, fr ~0
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Confirmed by DO and CDF and also CMS...

™ W polarization (2.2 fb) S¥S zAgzo /5531)

Anomalous contributions to the tWb vertex change

) Angle between
the probabilities of the W helicity states \9 charged lepton
p &l > .

= In SM: 3 possible W helicity states: ,/W+ and top direction

Vv, in W rest frame
F, (longitudinal) ~ 0.70, F, (left) ~ 0.30, Fx (right) ~ 0
= Measure sensitive of e
variable, cos(6*), in
muon+jets channel:
« 1 isolated high-p; u, i
>4 jets, 2 1 b-tag E
+ Kinematic fit to !
reconstruct ttbar system

CMS preliminary

o

= Helicity fractions T Teen T T T 2% g 0d 0 02" 0 02 04 06 oa(e_;‘
Gost
extracted from maximum likelihood fit:

Fo = 0567+ 0.074(stat.) +0.047(syst.) " Good agreement with SM

F = 0393+0.045(stat.) £0.029(syst.) " Similar Pfe°t‘5‘°T" astpreva“fAS
Fr = 0.040 0035 (stat.) £ 0.04d(syst)  Tcasurements (Tevatron, )
M. Aldaya 22

XXVI Rencontres de la Vallee d'Aoste, 01.03.12

Great! but what does it tell us? Only EWSB occurs but not how 7>
EWSB take place @

o = = E ]
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Hints from perturbative unitarity

o WpWr — Wy Wy, scattering: 4n My /g ~ 1 TeV
o ff — WL Wy, scattering: 16m/v/2v3GpM; ~ 4 TeV
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o Higgs couples to both weak gauge bosons W+, Z and the
SM fermions.

@ gg — h and h — ~~ is sensitive to new physics indirectly
just like flavor physics (INDIRECTLY).
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Excess in individual channels

(_‘f 17 'ATLAS Prefiminary | 2011 Data ]
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@ Excess is mainly observed in two high-resolution channels:
= H — vy and H — ZZ®*) — 4¢ combined: 3.4c local significance.

@ No such excess (yet?) in H — WW® = ¢uty, H — 7, H — bb.
= All channels combined: 2.5¢ local significance.

COMBINATION
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A

M Fitted signal strength o/og),

Comparison of channels
for M,=125 GeV

C
@)
wn

S 25 my =125 GeV CMS Preliminary
. T T ]
& CMs Pre\\m\n?ry, \Ns=7TeV W‘ B I Combined (68%) \s=7TeV .
B oof L=4648M k| ) L=46-4815
© 20p £ &~ Single channel
B 15
Q r 1 H-bb
o L E
1.0F |
£ E Ho1t
0.5/ =
£ Hoyy
0.0F s
051 1 H-oww
- | 1 A
1’?10 115 120 125 130 135 140 145 H-2zz )

Higgs boson mass (GeV) 050705 1 T2 ss s
Best fit o/cg),

* The fitted o of the excess near 125 GeV is consistent with the SM
scalar boson expectation
* At low mass several channels show some excess

— At 125 GeV all sensitive channels show an excess consistent with signal
expectations

* More data are needed to investigate this excess

March 7, 2012 Marco Pieri UC San Diego 29
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The CDF Combined Higgs Search

* Exclude 147-175 GeV
* Broad excess observed. Largest excess: 120 GeV
* Global p-value (LLE=4) = 2.1 sigma

CDF Run Il Preliminary, L <10 [

Exclusion.]

-
o

95% CL Limit/SM

February 272012
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my, (GeVch) 18
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SM Higgs?

o If LHC findings are consistent with SM prediction.
@ More important! If Tevatron sees the SM prediction.

o Still needs direct measurement of Yukawa couplings
for instance gg — tth with h — 7777
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A SUSY example
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125 GeV Higgs is non-trivial in CMSSM: Large A-term or
Heavy ¢

2 P 3 mp[1g 1 (3mi ( 2)
~ Mzcos?28+ — "L | =X, +¢ -t 32 Xt +t
"Mh 7cos” 26+ 4r2 2 |27 T 1672 \ 2 v2 s et

t =log

M3 . 247 A?
SUQSY;Xt _ ¢ (1 t

-t )L A4 = A; — pcot 8
12MS2USY)

2
m; Mgysy

HLKRFE . HLERHEFS EN Higgs Search and Fermion Mass Generation



Dimension-one Squark-Higgs coupling
(calculation must be done in Mass eigenstates.)

2 [ ma+mi+ Dl iy
a mgAq mz, +mg+ Dy

Couplings normalized by 2M2(v/2Gr)'/?

m?2 1 A

i = —00525[ cos? 9~feqsm 9Wcos2t9] ﬁ%+§sin29q”;2%q
5 N

1 A

Ghinis = —cos2ﬁ[ sin? 0; — e, sin? Oy cos264] — M—é — isin29q~m]\2%q

To enhance ~+v will need additional contribution like stau 7.
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A more exotic example
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SM Fermion masses break electroweak symmetry BUT....

VL)L + YRPYR
Chiral symmetries
UB)oaU3),®@U(3)a@U((3), @ U(3)e

must be broken in order to generate SM fermion masses

myrLr -

In the minimal Higgs boson model (known as “Standard
Model”), chiral symmetries are broken by the Yukawa coupling

y:
yuurQH : y — 0 — restore Chiral symmetry
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Qo

Qo

Masses

gauge boson mass : gauge symmetry breaking effect
Longitudinal polarization of W boson
fermion mass: chiral symmetry breaking

VLY + YrRPYR

VLR

Ame = me [1 + ghrl <A) + }
47 Me

Another example: M, /, in SUSY, R-symmetry breaking
effect.
scalar mass: no symmetry breaking.

non-zero SM fermion masses — W/Z masses

non-zero W/Z masses —+ SM fermion masses
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Models of EWSB are severely constrained.

o Precision electroweak S,T ...
New SU(2) doublets
Custodial SU(2)r+r

@ SM fermion mass generation and flavor violation
ETC scale is low for large m; but ETC sectors couple to
everything, light quarks, leptons....
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Minimal Flavor Violation

—yburiQ; H — yldpiQ;H + H.c.
Q; transforms as 3q Under U(3)q

MY ="yl (Ha), MP =" yf (Hg)!
a 5

yY'"P be diagonal in the same basis where MY:P are diagonal.
@ o = 3, Only one doublet breaks U(3)g ® U(3), ® U(3)4
o a # B3, One for MY, one for MP: Type-Il 2HDM
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Assumption

o SM fermions masses are still due to one doublet.

@ Weak gauge boson masses are due to one fermiophobic
sector as well as the one responsible for the SM fermion
masses.

How to achieve fermiophobic?
o SM symmetry: non SU(2), doublet, break custodial
symmetry?

o New symmetry: strong dynamics, bosonic Techni-Color
model
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Electroweak Chiral Lagrangian in Bosonic Techni-Color
IT : isotriplet of techni-pions with decay constant f

70 T
ST G

Scalar doublet ®:
_( ¢° ¢>+>
q>_<_ b )

o+ f
V2

rewrite as

o —

Y, ¥ =exp(2ll'/f'),
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The kinetic terms for the ® and X fields are
1 2 N2
Lxp = 28M08“0+2Tr(DMZTD“Z)+(JZf)Tr(DME’TD“Z’),

where the covariant derivative is given by
3

. T¢ y T
DFY, = 0% — ngé‘?E + g B“E?.
For a specific linear combination of the pion fields:
B fH + fl H/

Ta .
/f? + f/Q
there exist quadratic terms that mix the gauge fields with

derivatives. Such states are unphysical and can be gauged
away. The physical state 7, then arises from the orthogonal

linear combination,
B —f'II+ fIU N
Ky
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1 1
m2, = Z922}27 m2 = 1(92+g/2)v2’

where v is the electroweak scale as v = \/f2 + f/2 = 246 GeV.

f

sinf = *—,cosf = = .
v v

/

m? m2
Lowz = 2sin H—WUW'”‘WM_ +sin0—~202"7,,
v v

‘Caff:_ Z 1 waff

fermions

_ Mu; 5 ~ Mdj 1 _ivrij
ﬁﬂ,;t = —icot GTﬂp d;u;r — 1 cot GTTFP uy Vg ydy + hec.
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Enhanced Yukawa and Flavor Violation
By — Tvr, p— ey (Barr-Zee)

By — By mixing

b + d

QZZ'L

b

= e Rl
dmb d < |

G%m%f%dBdMB [ ViaVes 12 mp

w w II I
AMp, = 5 Uww @ )+ Iwn( v o)+ Inn(y )],
247
where
m2
m? m? g
YW S o Y= o, =
w it w
and w 5
9 6 6 y w
I =lt—— = 5 — Iny
ww T—ygW  (1—yW)2 W <l_yw)
I A2, 1 (21—8)1nyn 6xlnyw 8—2yW
wi = y -
T la-a0 -2 T - -yW)2 (1 -yW) -y
B ga | 1yt 2y In y!
= y _
At o —yme T a3
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B Gua2MI3{

I'(c—=vy) = FETWoA

[ NeQFALs(75)/ sin 0+Af (rw) sin 6 [
1

where
A{I/Q(T) = 2[r+ (7 =) f(n))r 2
A{I(T) = —[27’2 + 37+ 3(27 — 1)]”(7')]7'*2 (1)
and the function f(7) is defined as
arcsin? /7; 7 <1

= 2 )
) {_31 log )" 75
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A Fourth-Generation Example

o Enhancement of production by a factor of 9.

8 T T T T

[y Eew=1.96 TeV

5 M,,=200 GeV

o

1 My,=300 GeV
103

LO only, No K—factor

1 1 1 1 1
250 300 350 400 450 500
M, (GeV)

o Again, cancelation in h — v~

o 4th generation neutrinos may significantly change the
decay.

Not excluded yet!
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