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Outline & Rationale:

€ Why is the top quark interesting, why in flavor conference?

Just because:

(1) Perturbative, we can calculate;
(11) Special, we can measure stuff.

* Hundreds of papers, just give brief subjective impression.
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Outline & Rationale:

€ Why is the top quark interesting, why in flavor conference?

Just because:

(1) Perturbative, we can calculate; —
(11) Special, we can measure stuff.

Theoretical importance:

(1) Affect electroweak physics
& electroweak sym’ breaking;
(1) Yields the most severe fine tuning problem:; =
(111) Dominates flavor & CP violation (CPV)+(11)
expect new top contributions to flavor & CPV.

€ Conclusions.

* Hundreds of papers, just give brief subjective impression.
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Just because, interesting calculations & measurements




Top mass/Yukawa & production Xsection

Will be discussed in detail, WG VI.

¢ Tevatron: top mass now known to 0.5%, m, = 173.2 + 0.9 GeV

Tevatron combination (11).

Standard Model (SM): top coupling to Higgs is perturbative but LARGE: Y = 1

2
Quantum effects (virtual tops) => dramatic impact on EW & flavor phys.: 2Ne yy ~ 5%

1672
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® Theory: t-Xsection (Tevatron) now known to NNLO (+NNLL resum’)

Barnreuther, Czakon & Mitov (12).
res 7 067 +0.143 (2.0% +0.186 (2.6%% [pdf]
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Ttot = —0.232(3.3%) [scales] —0.122 (1.7%




Top mass/Yukawa & production Xsection

Will be discussed in detail, WG VI
v" Approach 3 of 3: Extract M, from the top cross-section.

¢ Tevatron: top mass now known to 0.5%, m,= 173.2 + 0.9 GeV

Tevatron combination (11).
v Theoretically very good control.
v' Extraction not as sensitive to My, : (5My,)/My,,) = £ 3%.

.but LARGE: ¥ ~ 1

v A good independent cross-check. So far well consistent with M%gct measurements.
ow(my)[pb]

lavor phys.:

o [pb]

2
c Yt
~ 5
1672 %
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Beneke, Falgari, Klein, Schwinn " 11

Ahrens, Ferroglia, Neubert, Pecjak, Yang " 11

Best extraction: mm; = (169‘8:1;2) GeV Similar extractions from:
Langenfeld, Moch, Uwer " 09

’ .
Xsec’, consistent,
Ahrens, Ferroglia, Neubert, Pecjak, Yang "11
v Proposed idea: extract MSbar mass; not pole mass

less sensitve to 11 .
Langenfeld, Moch, Uwer " 09 (Mitov, PLHC12)
| e (deabected) Ahrens, Ferroglia, Neubert, Pecjak, Yang 11
® Theory: t-Xsection (Tevatron) now known to NNLO (+NNLL resum’)
oTeS = 7.067 +0.143 (2.0%)

Barnreuther, Czakon & Mitov (12).
+0.186 (2.6%)
—0.232(3.3%) [scales] —0.122 (1.7%) [pdf]




Top mass/Yukawa & production Xsection

Will be discussed in detail, WG VI.

¢ Tevatron: top mass now known to 0.5%, m,= 173.2 + 0.9 GeV

Tevatron combination (11).

v" Approach 3 of 3: Extract M,,, from the top cross-section.

ARGE: 1 >~ 1

v Theoretically very goo

e But possibly one step from

v A good independent g Shedd|ng ||ght ohys. 2Nc th e
. ~ 0

on a Tevatron anomaly! 167
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Best extraction: 171 e - = : | o ’ .
oy (o> Xsec’, consistent,

v Proposed idea: extract i less sensitve to 11 .
(Mitov, PLHC12)
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® Theory: t-Xsection (Tevatron) now known to NNLO (+NNLL resum’)

Barnreuther, Czakon & Mitov (12).

res +0.143 (2.0% +0.186 (2.6%
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Tevatron’s ¢t forward backward asymmetry.

2 kind of anomalous asymmetries (6 measurements): | = . /
F * o Bea

(i) Top forward backward asymmetry (AFB). ..

« Combined CDF+DO results: A ~ (18+4)%  inubar
post-Moriond 2012 AFB ~ (2.8i6)% rest frame

QCD+EW state of the art: A FB[inCluSive|>45°GeV] ~ 6.6 | 10]% %77 (NLOx30%?)

Delaunay, Top physics workshop, CERN 12; Amidei, Topl2, Winchester.

(i) Lepton asymmetry (). - e

CDF with 8.7 fb~! DO with 5.4 fb—! SM
e Ay = 6.6 +25% o Ar = (11.8+32)% o A, ~ 4%




AFB & A; within the SM

@ Contribution to AFB start at NLO QCD, i.e. ~(0s)3. it & Roarigo (38)
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Higher order soft effects probed. No essential new effects (beyond Kuhn & Rodrigo).
Awaiting for real EW calculation & most importantly the NNLO answer!

Kuhn, Moch, Penin & Smirnov (01l); Almeida, Sterman, Wogelsang (08);Melnikov, Schultze (09);
Ahrens, Ferroglia, Neubert, Pecjak, Yang; Kuhn & Rodrigo; Hollik, Pagani (1l1);
Manohar, Trott; Skands, Webber, Winter (12).

CD+EW state of the art: A pplinclusive|>450GeV] 16 6110]% £7?7? (NLOx30%?)
FB

@ Contribution to A; , how known to full NLO. Bernreuther & §i(10,12);

Campbell & Ellis (12).

CDF with 8.7 fb~! DO with 5.4 fb—! SM
e Ay = 6.6 +25% o Ay = (11.8+32)% o A, ~ 4%




AFB & A; within the SM

@ Contribution to AFB start at NLO QCD, i.e. ~((Xs)3. un & Rodrigo (98)

Hig
Aw;

Reconstructed A}, (%)

A vs. AFB “uncorrelation” plots (pe, CERN Top Phys. workshop, 12)
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e 100,000 pseudo experiments made from signal and background

odrigo).

Schultze (09);

.
14

7)

Si(10,12);

. . is (12).
simulation
@ Results from actual experiment shown in red
e Left: Detector level results; Right: Unfolded results
@ Ay = 6.6 £2.5% o Ar = (11.8+32)% o Ay ~ 4%




AFB & A; within the SM

@ Contribution to AFB start at NLO QCD, i.e. ~((Xs)3. un & Rodrigo (98)

A VS. AFB “uncorrelation” plots (pe, CERN Top Phys. workshop, 12)
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Bottom line: among few serious anomalies, perturbative
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nature, should able to get sharp predictions within SM!

‘ Co e 100,000 pseudo experiments made from signal and background 51(10,12);

. . is (12).
simulation
@ Results from actual experiment shown in red
e Left: Detector level results; Right: Unfolded results
@ Ay =6.6 :25% e A= (11.8+32)% o A, ~ 4%




Some features of new physics (NP) interpretations™

@ Top asymmetry is special, not only top sector is probed:

Large asymmetry (PDFs) => new dynamics couple to both uti & it .
(furthermore the lepton asymmetry need not be related to top physics) raixouski, e & schmaiez (11)

€ Challenged by agreement \w SM Xsec’ => SM-NP interference.

M Ahrens et al., T003.5827]
- ; 8 CDF, 0903.2850
[N v3=196TeV 04;
\\‘
= \ 02} 1
Cf)') | \ - Grinstein, Kagan, Trott, Zupan (1l1)
e I-{( = 7:-'-‘:\
= 5 \y 2 00
F4 I
§ | s 02} . ,
& .l i negative Xsec’ favors,
& -04} | .
| - CDF dun new physics interference.
B ~NLO +NNLL
| -0.6L " a ;
001360 400 600 800 1000 1200 -10 -05 00 05 10
M [GCV] UFNP/US.\I

@ Two broad classes of models: (i) hard physics; (ii) on shell physics.

* Hundreds of papers, just give brief subjective impression.




Relevant observables (constraints) @ the LHC

, ~ _ N(Alyl > 0) - N(Aly| < 0)
O Charged asymm’ A., large errors, consistent \w SM, . o R e E T e

ATLAS CMS

Ac(I+jets) = -0.018 + 0.028 + 0.023 Ac(I+jets) = 0.004 + 0.010 % 0.012
A(dilept.) = 0.057 + 0.024 % 0.015

A-(comb.) = 0.029 +£ 0.018 £ 0.014 MC@NLO: 0.0115 + 0.0006

MC@NLO: 0.006 £ 0.002

@ (t spectrum finally approaching the 2TeV barrier, both differential

& cumulative distributions consistent \w SM (more below):

L A
10° ATLAS Preliminary u+jets
10° det=2.05 " \s=7Tev =l

ets

Events / 200 GeV

dospnp )
f mg>1TeV/c2  dmyg drmyg

S = < 2.6 at 95% CL

dosm _
f mg>1TeV/c?2 dmyg dmtt
CMS:1204.2488.

1 MJW%W% %

Data/MC

500 1000 1500 2000 2500
m, [GeV]




Hard physics explanation (e.g.: heavy axigluon-KKgluon variety)

¢ A rough idea is obtained from effective field theory (EFT) anaIyS|s

‘ Chivukula, et al.; Degrande, et al.; Cao, et al. (10);
EFT ft to recent data [Delaunay Gedalia, Hochberg & Soreq (12)] Delaunay, et al.; Agullar Saavedra, et al.; Westhoff (11).

~_ Log = ZEO => a0, 04 = (@ T u)(By"Y°T), O = (T u) (V" T°).
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no interference.

Issues: spectrum; dijet; flavor gua = —9:7.

Westhoff, et al.; Bai, et al.; Delaunay, et al. (1l1)

3 2 -1 o0 1
c%[TeV‘ﬁ
shaded area left of green curve excluded by CMS cumulative bound for Mif > 1 TeV.




Hard physics explanation (e.g.: heavy axigluon-KKgluon variety)

¢ A rough idea is obtained from effective field theory (EFT) anaIyS|s

3 Chivukula, et al.; Degrande, et al.; Cao, et al. (10);
EFT ft to recent data [Delaunay Gedalia, Hochberg & Soreq (12)] Delaunay, et al.; Agullar Saavedra, et al.; Westhoff (11).
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Issues: spectrum; dijet; flavor gua = —9:7.

_1; S e o e T é Westhoff, et al.; Bai, et al.; Delaunay, et al. (11)

8 -2
cy [TeV™]
shaded area left of green curve excluded by CMS cumulative bound for Mif > 1 TeV.

On shell (e.g.:“s-channel”, ”t-channel” models)

t 3
¢ Imp055|ble to cover all models, common exchange light particles.

O'IAgullar -Saavedra, Perez Vlctorla 1105 4606

0.08 V ! !
, oo} Issues: spectrum; dijet; flavor; Ac; tt + 7;
<

ooer SN & APV (atomic parity violation).

0.02? Isidori-Kamenik; Grinstein, et al.; Ligeti, et al.;

i 2/// Gresham, et al. x 3; Blum, et al. x 2; Tavares-Schmaltz (11)
0( 6
Update by J. Zupan, CERN, Th. colloquium, 6/12.




Forward Tevatron Tops & Backward LHC Tops

More on WG VI’s talks ...

0.1

Aguilar-Saavedra, Perez-Victoria, 1105.4606
S e

¢ Apparent serious tension with A..

® However, Arp & Acindep’ observables, associate production =>

Aguilar-Saavedra & Juste; Drobnak, Kamenik & Zupan;

natu ra.l venue fOr negative AC. Alvarez & Leskow; Drobnak, Kagan, Kamenik, GP, Zupan (12).

Y=m, br=1/4

without
005 | TEV 1 : :
IR, ’ | _—* associate
lo- Br=0 “
0.3 ' o lo&tjr
w 0mf I ‘- 7 0
- i PR g g Sl Es 1] =
ool F foor il
LHC 1 w5 - ]
0o B 3
=001 — _\‘ Wlth
_M%m — 'cJ.Im — 'n.lls — 'n.lzu — 'u.lzﬁ — associate




Near future improvement:

@ LHC:Progress on A & spectrum (more channels, better sys’ & stat)).

@ Tevatron: looking at Appvs. A; as a function of the lepton pr
(since are correlated within the SM)

Progress \w: Falkowski, Mangano, Martin, GP & Winter.

See also: Godbole et al. (10) ;
Fajfer, et al.; Berger, et al.;

Krohn, et al.; Jung, et al.; Cao et al.; Berger, et al. x2 (1l1);
Aguilar-Saavedra & Herrero-Hahn (12).

“Trade” Arp curve for A; or look at slope => cleaner extraction:

SM

020F
0.5
0.10f

0.05

—005 -

. CDF—]ike; cuts, pTI(IJ;ZUI,SQ,IQD ('I_‘re"».f’ .

-.-_"."-——‘———'—. 4
.« A ary —
Pfe\‘m‘n | ———— RH chiral gluon
\;
( 1 ——— axigluon

I 00 100 ]
> zngl —~—_ :

[ 50 <« - LH chiral gluon
I 20 ]
0.00 0.0 0.10 015 0.20

Ay
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Why 1s the top quark interesting theoretically?

(i) Electroweak symmetry breaking.
(i) The fine tuning problem.
(iii) The (NP) flavor puzzle & the top.

top quark

12



The top & electroweak (EWV) breaking

® Coupling to the Higgs => top mass; biggest coupling @ the TeV.

Top quark mass

e ) ==
e MREES TN, e
o GROST FIELT p WORE AT oM.
L~ ABCAT) ST QAN T
i _n'.hl‘iD'Jp' o . X
R = | J Only fermion with

/Qﬂ_f]\vﬁj{ coupliE% strengh

_:':I b
| LR - o] I'
b, HIEES ' . S
/-/"" e > ng _;‘:-

- B " : boson
| - top quark




125 GeV Higgs -> top is ~ saturating metastability

my — 173.2 GeV as(Mz) —0.1184
111 2. — 0. + .
my, > GeV + 2.8 GeV ( 00 Cev ) 0.9 GeV ( 0.0007 3GeV

See e.g.: Cabibbo, et al.; Hung (79); Elias-Miro, et al.
(11); Degrassi et al.; Alekhin et al.; Bezrukov et al. (12)

180 P
200; _ - _— = -7 _—1'0
I Instability o e o
> "~ Meta=stability. - -~ |
> | . O . .- P -]
AW - -
(E 150 i '@/3\7;0\ gz i SN 175 &
. — 6 —
s | ° 3 5
2 100} Stability e g ]
= 4 o
= — = g 170 ]
g ol : 5
0¢ = ° ) Stability .
0 I P S SR | 1\ T S S R \7 165 / : : : . . . . . . . . . . . ‘ . . . . ]
0 50 100 150 200 115 120 125 130 135
Higgs mass M;, in GeV Higgs mass M), in GeV

Degrassi, Vita, Elias-Miro, Espinosa, Giudice, Isidori & Strumia (12)

A raise of < 3% in top Yukawa => weakless universe!

14



The top & the fine tuning problem

€ Higgs mass & EVV scale are sensitive to quantum corrections.

@ The most severe problem is due to top coupling:

, FeoT 4
‘oS
AT OB COUS

Assume cutoff A = 6TeV; &;m7 = 25y7 A% ~ (1.2TeV)?

’ITL2 — m2 + 5tmi21 — m%ree + (12T€V)2 ~ (0125T6V)2

h,phys = ""“tree

fine tuning of ~ 1:100 !




Dominant paradigm to solve fine tuning problem

® Extending top sector adding top partners states that due to sym’
contribute to Higgs mass in opposite way => reduce sensitivity.

sun

16
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Dominant paradigm to solve fine tuning problem

® Extending top sector adding top partners states that due to sym’
contribute to Higgs mass in opposite way => reduce sensitivity.

g sun

Top physics expected to yield
insight on how the fine tuning
problem is solved.

16



S0 where are those top partners’?

The LHC battle for naturalness

More in Papucci & Weiler’s talks ...

(i) SUSY: stop searches & fine tuning;

(i) Composite Higgs: t’ searches & fine tuning,
+ top resonance searches;
[(iii) Indirect: impact on Higgs couplings.]

17



Squarks & Gluino searches at the LHC

Naively: mq, 2 1.5 TeV m, 2 1 TeV

. . ~0
CMS Prellmlnary Lim =4.98 fb'1,\& =7 TeV 2000 Squark-gluino-neutralino model, (X1) =0GeV
- _II I:lIgll=‘|IIIIII\IIIIIIIIlIIIIlIIII_
;‘ 800 T T T | T T T T | T T T T | T T T T | T T T T | T T T ™ % B i H =“ \ ATLAS Prel|m|nary ]
()] :7,;1 tan(f)=10 ] g B : E‘ \ Combined 7]
Q) 700 T\N A,=0GeV | 4 % 1800 [— i \ \‘\. = CL_ Observed 95% C.L. limit —
I_('\l Z|n> 0 ] g B ! \;,\-- « CL, median expected limit |
= m, =173.2 GeV ] > B : ~ Expected limit +1c ]
— < 1600 | [ ATLAS EPS 2011 —
Epe Tt | % B \ i NN Ldt = 47116, \s=7 TeV
T B | \ \.~ . :
lLEP2 )”(: ] 1400 [ \ \\ Se o __
N B T ..'~.-.,,, :
m(g) = 1000 B T ——
400 . 1200 [~
300 i -
g 1000 [
_ I
200 S N - 4
5 S L\ e s
Multi-Lepton o . e‘NS - 800 |- T
100 L1 L1 B ‘\‘\.\\ ]
500 1000 1500 2000 2500 3000 [ ~ j

IIII|IIII‘I‘TT-LIIIIIIIIIII|IIII|IIII
600
mO [GeV] 600 800 1000 1200 1400 1600 1800 2000
gluino mass [GeV]
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Squarks & Gluino searches at the LHC

Naively: mq 2 1.5TeV 1 fv Baiady
R é; _____

_ =|\98 fb'\s=7TeV
T T | T T T T | T T T I—_
Z  |tan(p)=10 -

al

< |A,=0GeV

=

2 u>0

m,=173.2 GeV|

squark mass [GeV]

However, nothing to do
with naturalness, only 3rd generation
partners’ mass matters.

1000 1200 1400 1600 1800 2000
gluino mass [GeV]
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Natural SUSY endures, only now gaining sensitivity
to robustly test models

LHC: excluding m; < 500 GeV

MSSM higgs: LEP2 tuning vs. direct stop searches.

2000
2 1500
g L
[\l = L
S bo
S 10007
+
N N
S@ I
500+
» |
Charge/Color Breaking 1 =100GeV
Hooo 1000 0 1000 2000
A. Weiler, Blois (12). AT [GeV]

3 A
5m%{|stop — _Wy? (m%]3 + még + |At|2) log ( TeV)

Recent: Essig, et al.; Izaguirre, et al.; Kats, et al,; Brust, et al,; Papucci, et al.. (I ) many many more before and after ... )-:
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Composite Higgs

LHC: excluding my < 500 GeV

Plots from update by: Gillioz, Grober, Grojean, Muhlleitnerb & Salvioni (12).

1.0 1.0

£=0.25 excluded @ 7 TeV - £=025 excluded @ 7 TeV
-mlu>mQ my -mT>mQ my
0 8 mT<mQ my 0.8 mT<mQ,mX
2 06 N 0.6
0 T .,
L o S RN
z 0 Z 0. e
T e el
0.2 . 0.2
< ':0 ‘:':‘:!.' .. ':;-.- .{
0.0 . N 0.0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Myightest [GeV] Myightest [GeV]
1.0 g =0.25 excluded @ 7 TeV -
grays=excluded by direct searches 0.8 : ﬁi z ﬁg: $§
: —— purple=doublet
= o o s ewitvl ‘,&
'? 015\\\,‘ Y & X .ﬁ\
- 3 :
= 0.4 :
: pink=singlet
0.2 :
0.0

0 500 1000 1500 2000 2500 3000
Miightest [GeV]
ghtest See also: Contino, Da Rold & Pomarol (06);
Berger, Hubisz & Perelstein; Redi & Tesi; Matsedonskyi, Panico &
Wulzer; Marzocca, Serone & Shu, Pomarol & Riva (12).
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Partner’s mass & fine tuning?

.O “

: f = 500 GeV
2000 - o -@

~ 1500 -

2500 ““j““ . ,.qq

1000@

500 , LHC: excluded by direct searches
L | |

100 150 200 250 300

mpgy

Taken from: Redi& Tesi (12) [analyzing the MCH5 of Contino, da Rold, Pomarol, (06)]
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Resonances searches & emergence of top jets

(i) Strong dynamics inspired models (composite Higgs, Randall-
Sundrum ...) => heavy Kaluza-Klein (KK) resonances, mxk 2 1 TeV .

22



Resonances searches & emergence of top jets

(i) Strong dynamics inspired models (composite Higgs, Randall-
Sundrum ...) => heavy Kaluza-Klein (KK) resonances, mxk 2 1 TeV .

(ii) Fine tuning solution => New states decay quickly to top pairs.

i
e 4 1]
—~@— 8

0
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Resonances searches & emergence of top jets

(i) Strong dynamics inspired models (composite Higgs, Randall-
Sundrum ...) => heavy Kaluza-Klein (KK) resonances, mxk 2 1 TeV .

(i) Fine tuning solution => New states decay quickly to top pairs.

®
A
—®__ ¢
=
(iii) Since m; < MKk the outgoing tops are ultra-relativistic,

Agashe, Belyaev, Krupovnickas, GP & Virzi (06);

their products collimate => top jets. Agashe, Belysey, Krupovnicks
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Resonances searches & emergence of top jets

(i) Strong dynamics inspired models (composite Higgs, Randall-
Sundrum ...) => heavy Kaluza-Klein (KK) resonances, mxk 2 1 TeV .

(i) Fine tuning solution => New states decay quickly to top pairs.
®

A
—r@i ,75
0
(iii) Since m; < MKk the outgoing tops are ultra-relativistic,

Agashe, Belyaev, Krupovnickas, GP & Virzi (06);

their products collimate => top jets. Agashe, Belysey, Krupovnicks

Similar to ordinary
2-jet QCD

process impossible
to observe
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Need to distinguish between top & ordinary QCD jet

= - : 23 '_. 2 ;-,-;:’::';' ,'! g
VSR o R . ::
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S _,..

"" %
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Need to understand the energy flow inside jet
jet shapes or jet substructure

e
28 < 3:11 A S

Still learning ...
Important in other direction, e.g. EWV phys..

[Butterworth, Davison, Rubin & Salam (08)]
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Boosted jets’ angular distribution, angularity 7_o

3
do . do min __ [ myg -~ oz
dag " dr_o 1/T_2’ T—2 = (QEJ) (72 ;Elei)
i€
Almeida, et al. (10)

CDFRunll,L =6 b’

0.8 ——

o = e s 0.7 -o~ Midpoint
- |

8 0.7 | T2 T2 B 0.6 & Midpoint/SC
o - 0.5
- b= 0.4 + Anll-k,
o 06—
c F 0.3-| 4,
2 osp ot o
2 - M . @Choon
€ o4k % 0.01 002 0.
o F |5 —e— Data, Midpoint, R = 0.7
w = K ‘
- 03[ . :
© mi 1 ‘ P T QCD, Pythia 6.216
S 0.2k.h :
" =
Q _—+"' F!+W
© 0.1
Tl S T

(TTTT

| -

PO T T N S J,,,,x,,l',:,l,:‘.-.;.-; 50 PRI TR T VTSN (Y T 0 T T T T
0.005 0.01 0.015 0.02 0.025 0.03

jety
T2

jets with mass € (90, 120) GeV/cz, pr > 400 GeV/c

o
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Boosted jets’ angular distribution, angularity 7_5

3
do | do min __ [ myg ~ p4
dd "~ dr_o 77 1/7-_2’ T-2 T (QEJ) (7_2 ;Ezei)
1€
Almeida, et al. (10)
DF Runll,L =6 fb"
nt
0.8 oo
o - : . -o- Midpoint
8 0.7 | e T & Midpoint/SC
. ualitative success of Y
© 0.6— g
c — 9
(. 2-body LL approx
7)) - ] PR i N
T 04f |8 ' 001  0.02 0.1
o F |5 —e— Data, Midpoint, R = 0.7
W o3F | :+
“— - H ¢
o Btz @ | ... QCD, Pythia 6.216
£ o260k :
° o LT-- 3 M
" -
s Hr
® 0.1
w T Seees
o_lllllllllmJ_LJ_lLL'lLJLJLJLA'
0 0.005 0.01 0.015 0.02 0.025 0.03
T
2

jets with mass € (90, 120) GeV/c2, pr > 400 GeV/c
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ATLAS & CMS

CMS, 1204.2488 ATLAS,1206.5369
CMS,L=5f"at \'s =7 TeV 9200 <pr < 400 GeV
NO 180 Frrrrrrr1rrrrrpTrr T T T T T T T T T T T T ;‘ - ! ! ! ! ' ! | ! ! ! | | —
< - - (0] - -
> 160 = S 8 E
C DATA — . 2 - - E
G oF mpA™ = 83.0+ 0.7 GeV/c® - s E *NQJ ATLAS 3
To) = MC . 2 - -
= 1o0E my~ = 82.5+0.3 GeV/c E 6E- Data 2010 =
2F e Data ] K Anti-k, R=0.6 -
S 100 i . SE 300 <p. <400 GeV =
> - tt ] - T =
W 80F I W+dets 4 45 i <2.0 =
60 - [L1Non-W MJ: = =
= — Data fit 3 R T S -
40 E_ e MC fit g 2 E_ ............ .;
208 = 1= =
O0 20 40 60 80 100 120 140 160 180" 200 e T .o T T E—T
m(W-jet) (GeV/c) Jet mass [GeV]

Left: The W tagging algorithm uses a jet “pruning” technique. Right: the size of the mass shift in anti-kt R = 0.6 jets \w &
\wo pileup. For rev. see: Boost 2011 writeup,1201.0008.
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tt resonance

searches

102 CMS,L=5f"at \s =7 TeV KK Gluon Assumption >
—~ L L T
@ Observed (95% CL) - &
m Expected (95% CL) - P
X 10 1 = G

N + 1 s.d. Expected 3 z
2 0 = 2 s.d. Expected ]
E T S, " KK Gluon, Agashe et al=
o -
o B
Q -
D 107 ..l =

102 L ! ! | T
1

10

10

-3
107,

500

1000

ATLAS Preliminary

J

- Data
= ti

Ldt=2.05 0" Vs=7Tev 3 Woets
SingleTop
Multijets
Z+jets
Diboson
Uncertainty
g, (1.3 TeV)

| ONBE0

G 74

N
[ IIIIII|

s |
1500 2000 2500 3000 3500
tt mass [GeV]

Bottom line: mx 2 2TeV (still long way to go ...)
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The up flavor connection

IIMO(] )[OO]
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The up flavor connection

€ Without the top, SM flavor sector looses a lot from its glamour:

chemistry instability

Jaffe, Jenkins & Kimchi (09)

u,d Slc b ===
desert

y=0m > y = 4n

Aqep/Mw 1

€ Without top, linkage between flavor & hierarchy problem weakens:
non-univ. cutoff to sustain < 1:100 fine tuning?

st = Ay $2x10* TeV Robust linkage \w
HH —_——  c: = A, <2x10°TeV e direct collider
probes is lost!

b: = Ay <4 x10%TeV
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The up flavor connection

€ Without the top, SM flavor sector looses a lot from its glamour:

chemistry

Jaffe, Jenkins & Kimchi (09)

u,d Slc b -

desert

instability

> y =47

y=0m

Aqcep/Mw

1

€ Without top, linkage between flavor & hierarchy problem weakens:

non-univ. cutoff to sustain < |:100 fine tuning?

s: = A, $2x10*TeV
c: = A, <2x103TeV

b : :>A554X102T6V

However:
Operator |Bounds on A in TeV (¢;; = 1)
Re Im 7
(5,y*dr)? | 9.8 x 102 1.6 x 10*
(5rdz)(5rdgr)| 1.8 x 10* 3.2 x 10°
(epy*ur)? | 1.2 x 103 2.9 x 103
(érur)(crugr)| 6.2 x 103 1.5 x 10*
(bpydp)? |5.1 x 102 9.3 x 102
(brdr)(brdr)|1.9 x 103 3.6 x 10°
(bpy*sr)? 1.1 x 102
(br s1)(brsg) 3.7 x 102
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The up flavor connection

€ Without the top, SM flavor sector looses a lot from its glamour:

chemistry

Jaffe, Jenkins & Kimchi (09)

u,d Slc b ===

desert

instability

y=0m

Aqcep/Mw

1

> y =47

€ Without top, linkage between flavor & hierarchy problem weakens:

non-univ. cutoff to sustain < 1:100 fine tuning?

s: = A, <2x104TeV

c: = A, <2x10%TeV

B system: only case with
tension \w LLLL operators;

Dramatic improvement
expected in D system!

(eryHurp)? |1.2 x 103 2.9 x 103
(érug)(Crugr)| 6.2 x 103 1.5 x 10*

(bpy*tdp)? |51 x102=—> (9.3 x 102

b: :>Ab§<"

(brdr)(brdg)| 1.9 x 103 3.6 x 103

(bry*sr)? 1.1 x 102
(BR SL)(Z_)LSR) 3.7 X 102
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UFCNC data, a crucial test of NP structure

€ General: dominant NP constraints coming from extended strong
sector, need not “talk” to down & charged lepton sector:

@ Down & lepton flavor violation
maybe removed via alignment,

anarchic NP is diagonal in down/
. D
charged-lepton mass basis. AMi ex AMp, Ar

- t‘"ﬂ b
S
[Nir & Seiberg (93); / b ’ Pt o
Crappy: Fitzpatrick, GP & Randall (08); / \Z TV

Csaki, GP, Surujon, & Weiler (09)].
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Last 4 yrs: dramatic progress in studying charm CPV

SUSY implications: no hope for non-degeneracy ...

m —MNx 0034 maximal phases (squark doublets, gluino, 1TeV)
QQ Ql <

mg, +mg, | 0.27 \ vanishing phases

Blum, Grossman, Nir & GP (09)

With phases, first 2 gen’ squark need to have almost equal masses.
Looks like squark anarchy/alignment is dead!

However ...

Successful alignment models guarantee small physical CP phase!

Gedalia, Kamenik, Ligeti & GP (12)
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Degeneracy of Squarks

030 e _

uz aligned ' d; aligned
0.25 ¢
0.20 ¢
I mea. —MA
9 0.15 ¢ 6y =
“ I ma, + ma,

0.10
0.05 "
0.00

Log,a
* No strong degeneracy required!

+ Ex.: my=1.3 TeV, mg, =550 GeV,m, =950 GeV
(and CPV in D — D < 20%)
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Can this be consistent with LHC data??

Mahbubani, Papucci, GP, Ruderman & Weiler, to appear.

See Papucci’s talk.

me, =550 GeV, mg, =950 GeV

Squark-gluino-neutralino model, m(i?) =0GeV

=
S
=
2
<]
(2
=
<]
=
=
g
-3
£
Q
O

;2000 :ll,l [ II\I LI L | LI |III I_
[0} P \  ATLAS Preliminary _
g \ Combined ]
% 1800 \ wmmm CL, observed 95% C.L. limit ]
© \¥--- CLg median expected limit ~ _|
E \ﬂ‘ ----- Expected limit 1o i
< 1600 [[}-ATLAS EPS 2011 —
> Ldt =471 1", \s=7 TeV ]
w GSUS;L_:'TTE ]

1400

1200

1000

800

600
600 800 1000 1200 1400 1600 1800 2000

gluino mass [GeV]
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In fact, all 4 flavor “sea” squarks can be light!

1200

1100

my;, =mg  [GeV]
s & 8 &

2

# Sea v. Valence

AJNNN SN A S S S S Bl Suan SEEES SN Sun S S SN S S S S SEE S S S

_______________

50900600 700 800 900 1000 1100 1200

mg;, = mg, [GeV]
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So far crazily reasonable, is there alternative paradigm!?

Potential implications for a 125GeV Higgs on flavor physics

Giudice, GP & Soreq (12).

? moon

g sun

Earth & our moon

Jupiter's volcanic moon
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http://en.wikipedia.org/wiki/Jupiter
http://en.wikipedia.org/wiki/Jupiter

125 GeV Higgs -> top is ~saturating metastability

yr $1.03+1.8-1072 (mpy — 125.5GeV)

182
180
178
176

[GeV]

174
172

pole
t

170
168
166

164
120 122 124 126 128 130 132

Alekhin, Djouadi & Moch (12)

A raise of < 3% in top Yukawa => weakless universe!
A new coincidence, top (H) flavor puzzle?
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Getting a two-peaks distributions, ultra speculative

solution to flavor puzzle (question more important than answer ...)

@ Interpretation for quark spectrum, in view

chemistry
Jaffe, Jenkins & Kimchi (09)

=
U
U

¢ b === desert ==

Giudice, GP & Soreq (12).

of new Higgs mass:

instability

> y = 4

Aqep/Mw ]

® RGE + “strong dynamics” inspired models can generate binary dist’.
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Summary

¢ Entered precision top phys. phase,
LHC data => fantastic & consistent with SM.

¢ Combine effort resolving forward backward anomaly.
¢ Battle for naturalness: t-partner & resonance searches.

¢ Minimalism: up flavor & CPV might hold the key.
¢ Light (non-”sups”) squarks maybe buried (regardless of alignment).

¢ Is criticality of top Yukawa-Higgs mass coincidence?
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Top Physics Pheno’ Perspective

-
O

,,,,

Thank you

Gilad Perez

CERN & Weizmann Inst.
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Backups




EFT constraints from charge asym’
& enhancement of differential mass distribution

| ;
> 005! e I
(]
7 000] 5
2 :
L [ |
= 005 «
400 500 600 700 800 - |
My [GeV] 800 1000 1200 1400 1600 1800 200

M —cut off [GeV]

Delaunay, Gedalia, Hochberg & Soreq (12).
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What is the fine tuning problem (personal view)?
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What is the fine tuning problem (personal view)?

Coincidence of 1:102- moon subtends an angle
of ~ 0.52° while sun of ~ 0.53°.
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What is the fine tuning problem (personal view)?

Coincidence of 1:102- moon subtends an angle
of ~ 0.52° while sun of ~ 0.53°.

Imagine that they were equal to 1:1032 |
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What is the fine tuning problem (personal view)?

Coincidence of 1:102- moon subtends an angle

of ~ 0.52° while sun of ~ 0.53°. E

(i) What set their precise distance? <=> Tuning problem.

why is 60 /0max ~ 10772 <17 <a== why is (m3; y/mp)) ~ 10777 <17
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Indirect searches via Higgs precision tests (HPTs)

Beginning of HPTs era, sensitive to partners mass & couplings:

Measured Higgs rate

=1.024+0.15 Giardino, et al. (5/7)

SM prediction

my, = 1255 GeV
4
i g R 2 g s 5 I
22 = i e =
£ 24 5 £ 2 4 % ¢ 52U z = %
J 8809 288538 38§ ° <8 -
2 ;
4 So
S I S - S T SIS 1
MIS&Q§3]§J3HLEIA '\E\l:,
: ; (
-1

Giardino, Kannike, Raidal & Strumia (12)

However, it’s pretty hard to
“real” natural theories ...

Falkowski (07);

0¢c,=2/9 6¢c,, cp=c.=1 Fermion Top Partner
1.0f ; ] 200F " 1y |
incl, i), dijet |
N X+ | L i /
0.5 ' 1 180 /
2 /
160t 4 /
0.0} S = — ] g /
= o /N
X Z 140r i /&
-05 . ] < Ny
incl. - | VA
h—->WW* g1200 R/
—-1.0f :
100
—-1.5}
80F
—20L - : . B ‘ - ‘ ‘/l ]
0.0 0.5 1.0 15 20 60>, _1 0 1 3

Cy Cr
Carmi, Falkowski, Kuflik, Volansky & Zupan (12).

raise di-photon rate via t-partners in

Low & Vichi (10); Azatov & Galloway (1ll); Gillioz, et al.;

Blum, et al.; Carena, et al.; Corbett, et al.; Benbrik, et al.; Arbey, et al. (12);
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The importance of up-type FCNC

What if down/lepton alignment is at work 7 Pzl o
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The importance of up-type FCNC

What if down/lepton alignment is at work !

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
(5py*dp)? | 9.8 x 102 1.6 x 10* 9.0 x 1077 3.4 x107° Amp; ex
(5prdr)(5rdgr)| 1.8 x 104 3.2 x 10° 6.9x 107 2.6 x 10711 Amp; e
(ery*ur)? | 1.2 x 103 2.9 x 103 56 x 1077 1.0x10™" |Amp; |q/p|, ¢D
(erur)(crugr)| 6.2 x 103 1.5 x 10* 5.7x107% 1.1 x107% |Amp; |q/pl,¢p
_L'Y L A X O X O X o .U X N mpg,; K
bry*dr)? | 5.1 x 102 9.3 x 102 33x107% 1.0x107° Amp,; Sy
brdr)(brdr)| 1.9 x 103 3.6 x 10° 5.6 x 1077 1.7 x 1077 Amp : Sy
ar PYKs
bry"sr)? 1.1 x 102 7.6 x 107° Amp
Y .
(br sz)(brsr) 3.7 x 102 1.3 x 1075 Amp.
(tryHur)? same sign s
1.7 x 10* Br (p — ey)
Lioter;HF,, 3.3 x 102 Br (1 — )
2.6 x 102 Br (T — ev)
_ _ olu Ti—e T4
(py* Pre) (uy,Pru) 1.9 x 102 U(/E/iTi_)capth)
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The importance of up-type FCNC

What if down/lepton alignment is at work !

|
»
{

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
SV A — I, €K
(EryH ur)? 2.9 x 103 5.6 x 1077 1.0x 107" |Amp; |q/p|, oD
crur)(erur)| 6.2 x 103 1.5 x 104 5.7x107% 1.1 x10"% |Amp: |l¢/p|, oD

a7 S UNS

(i Pre) (i, Pru)

o(p—Ti—capture)
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The importance of up-type FCNC

What if down/lepton alignment is at work ! m

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables

Re Im Re Im
Sy - ‘ X : = l - I, €K
32><105 6.9 x 10~?
W 00 S o
CRUL)\CLUR 108 Amp; lg/pl, dp
UFCNC remove -

Immunities '

LN
=C)

_ L~ EE—— | A
s TR A N T I ——

(try*ur)?

same sign t’s

1.7 x 10% Br (i — ev)
2

(ay* Pre) (ary, Pru) 1.9 x 102

o(p—Ti—capture)




The fine tuning problem

(i) Why perturbations not destabilize system? <=> Fine tuning issue.
(displacing the sun by ~ 10719 m = §0 ~ 10752 )

moon
sun

“Additive” sensitivity / fine tuning due to top-Higgs coupling:

(miy /mE1) e ~ (Mg +0mi;) [mpy ~ miy +

~ 0.0100000000000000000000000000000001 — 0.01 ~ 10732
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Fascinating Top Warped Physics @ LHC

q q
D > _ (1)
DY g Z; 32 g DO Do t G t DO
) S ¢ t
u c
SUSY RS
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