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Qutline

@ Intro’: why is the up quark sector interesting ?

® Where are we regarding flavor d-alignment models?

€ Collider constraints on non-degenerate/”universal” squarks.

¢ Summary.




The importance of isospin up physics

® The up sector (u,c,t, v's) contains the top quark.

Uniqueness of the top quark (relevant to this talk):

i. Most massive point like particle known, induces the most severe hierarchy
problem, our main LHC hopes are due to A; < 7TeV for fine tuning < 1 : 100.

ii. Controls flavor violation within the SM (standard model) => expect up flavor violation.

iii. Makes the weak scale unstable => eventually tunnel into weakless universe.




The importance of isospin up physics

® The up sector (u,c,t, v's) contains the top quark.

Uniqueness of the top quark (relevant to this talk):

ii. Controls flavor violation within the SM (standard model) => expect up flavor violation.

‘ U-FCNC (favor changing neutral currents), only way to constrain alighment models,

where we have up anarchy but down flavor physics is boring, SM like.

® We have fresh precision data, maybe hints towards up anarchy:

neutrino flavor parameters, t-charge asymm’, charm CPV ?




Some interesting up sector data

IIMO(l )[OO]

(i) Top charge asymmetries;

(i) Charm CPV.




Tevatron’s ¢t forward backward asymmetry.

Two kind of interesting asymmetries: f
o
(i) Top charge asymmetry. -

* Combined CDF+DO results: Agg ~ (18+4)% i ubar
post-Moriond 2012 AFB ~ (2.81‘6)% rest frame

QCD+EW state of the art: A FB[induSive|>450GeV] ~ 6.6 | 10]% £7?? (NLOx30%?)

Delaunay, Top physics workshop, CERN 12.

(i) Lepton asymmetry. @ T
CDF with 8.7 fb™* DO with 5.4 fb™* SM

[+ Ag — 6.6 + 2.5% (folded!) o Ag — 15.2 + 4.0% o Ag — 2%




LHCb charm CPV

E‘ T I T T IR 10 :j}:jﬁ T l T
e W AA ., CDF
T B No CP violation = AA_, BABAR
- O P-value = 8.04x10° N AA Be"e
21 mm A, LHCH |
L WA BaBAR
w2 A Belle
7/, 2/ Ay LHCD
O rrrrrrr
e CPV in decays (direct CPV)
2-dim 68 27% CL
: : : : iy J RS 2-dim 95 45% CL -
e Time-integrated CPV decay asymmetries to CP eigenstates s 2lim 99.73% CL
~ = 1.dim 68.27% CL N ‘
- F(DO — f) o F(DO N f) 1 -12 | 0 o5 AR é L
T = I(DY = f)+ (D" — ) A (%]

See: J. Kamenik, Planck 12.
e Focus on K*K and 7'z final states: Aacp = ax+ - — Gt

Aalorld — (. 67+0.16)%  (~do from O) i




Some common feature of new physics (NP) interpretations™

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

Large asymmetry (PDFs) => new dynamics couple to both uu & tt
but in a non-universal manner => direct test of up NP sector.
(Furthermore the lepton asymmetry need not be related to top physics)

Falkowski, GP & Schmaltz (11).




Some common feature of new physics (NP) interpretations™

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

Large asymmetry (PDFs) => new dynamics couple to both i & tt
but in a non-universal manner => direct test of up NP sector.
(Furthermore the lepton asymmetry/need not be related to top physics)

Falkowski, GP & Schmaltz (11).

Before moving to charm CPV =>
let’s see it explicitly
using geometrical picture of
flavor breaking.




Naively, the AFB has nothing to do with up flavor

All interpretation linked to up flavor physics:

Ex.:AFB from particle exchange (same holds for s-channel):

(i) Again dijet kills the universal case.

Grinstein, et al.; Ligeti, et al. (11) X
X

(ii) By itself flavor diagonal: 9,7 = 9711 — 933
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All interpretation linked to up flavor physics:

Ex.:AFB from particle exchange (same holds for s-channel):

(i) Again dijet kills the universal case.

Grinstein, et al.; Ligeti, et al. (11) X
X

(ii) By itself flavor diagonal: 9,7 = 9711 — 933

u t

(iii) However, x must be aware (aligned) of the presence of Y.

Blum, Grossman, Nir & GP (11);
O O 1 Gedalia, Grossman, Nir & GP (1l1);

=0 0 0
1 0 0

)\8 XX dlag((), O, 1)




Some common feature of new physics (NP) interpretations™

€ Top asymmetry is special, not only top sector is probed =>

uFCNC (& possibly dFCNC) needs to be considered.

® Charm “anomaly” requires large cuX couplings.

Needless to say, such coupling can potentially lead
to disastrous contributions to D — D mixing & € /EK (C: J. Kamenik’s talk)

Isidori, Kamenik, Ligeti & GP (11).
[ J
O tlonS‘ X — G,LU/ Grossman, Nir & Kagan (07); Giudice, Isidori & Paradisi (12);
° Keren-Zur et al. (12); Delaunay, Kamenik, GP & Randall, today! (12).
X — (SS)V_I_A Da Rold, Delaunay, Grojean & GP, to appear.

* Not clear whether the charm CPV measurement requires NP.

Golden & Grinstein (89); Brod, Kagan & Zupan (1l1);
Brod, Grossman, Kagan & Zupan; Feldmann, Nandi & Soni (12).
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uFCNC data, a crucial test of alighment

@ Down & lepton flavor violation => removed via alighment, where

anarchic NP is diagonal in down/charged-lepton mass basis.

[Nir & Seiberg, PLB (93); Fitzpatrick, GP & Randall, PRL (08); Csaki, GP, Surujon, & Weiler, PRD (09)]

careful domino alignment

11
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The importance of up-type FCNC

What if down/lepton alignment is at work ? M‘




The importance of up-type FCNC

What if down/lepton alighment is at work ? rﬁ'ﬂ

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
(5.y%dr)? | 9.8 x 102 1.6 x 10* 9.0x 1077 3.4 x107° Ampg; ex
(5prdr)(5dgr)| 1.8 x 10* 3.2 x 10° 6.9x107? 2.6 x 1011 Ampg; ex
(eryHur)? | 1.2 x 103 2.9 x 103 56 x 1077 1.0x 107" |Amp; |q¢/p|, ép
(erur)(érur)| 6.2 x 103 1.5 x 10* 5.7x 1078  1.1x10"° |Amp: |¢/p|, oD
(bry*dr)? | 5.1 x 102 9.3 x 102 3.3x107%  1.0x 1076 Amp,; SyKs
(brdr)(brdr)| 1.9 x 103 3.6 x 103 56 x 1077 1.7x 1077 Amp,; Sk
(bry#sp)? 1.1 x 102 7.6 x 1077 Amp.
(br s,)(brsR) 3.7 x 102 1.3 x 1077 Amp.
(tr v ur)? same sign ¢’s
1.7 x 104 Br (i — ey)
Lio"er;HF,, 3.3 x 102 Br (1 — )
2.6 x 102 Br (1 — ey)
(7" Pre) (@, Pw)| 19 x 102 A e,

12



The importance of up-type FCNC

What if down/lepton alignment is at work ! m

Operator

Bounds on A in TeV (¢;; = 1)

Re

Im

Bounds on ¢;; (A =1 TeV)| Observables

Im

6.9 x 1079

AmD; ‘Q/p‘,¢D

AmD; |Q/p|7¢D

AW %% I

same sign t’s

1.7 x 104 Br (u — ey)
_ « 102 BT — [

- . e Br (7 — e7)

1.9 x 102 T

(17" Pre) (ay, PLu)
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The importance of up-type FCNC

What if down/lepton alighment is at work ?

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
9.0 x 107 — TR, €K

6.9 x 1072 2.6 x 10

uFCNC remove

Amp; |q/p|, ¢p

Amp; |Q/p|7(/bD

same sign t’s

Immunities
1.7 x 104
o < 102
_ ———
(py*Pre) (uy, Pru) 1.9 x 102

Br(p — ey)
BT — 1y
Br (1 — ey)

olp Ti—e T

o(p—Ti—capture)
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Combining K" — K° mixing and D" — D% mixing
to constrain the flavor structure of new physics

Two generation covariance description (crash course)

Assuming SU(2). : A%NP(@(XQ)U’YMQLJ')(@(XQ)M’YMQLJ'))

13



Combining K — K° mixing and D" — D% mixing
to constrain the flavor structure of new physics

Two generation covariance description (crash course)

1 — .
ATNP(QLz‘(XQ)z'ﬂuQLj)(QLz'(XQ)z'ﬂ“QLj)a

Assuming SU(2). :

Xo is 2x2 Hermitian matrix, can be described as a
vector in SU(2) 3D flavor space.

— 1 - —> 1 - — .
]A\E\/itr(Az), A-BE§1}I(AB), AXBE—%[A,B],
cos(0ap) = { ? = tr(A B)
AllB] /r(A%)tr(B?)

Space can be span via the SM Yukawas (useful for CPV, see later):

A, = (Yqu)t/r Ag = (YdeT)tﬁ

(RH up/down lavor violation can be removed via aligment with the signle up/down SM Yukawa)

13



Combining K — K° mixing and D" — D% mixing
to constrain the flavor structure of new physics

Two generation covariance description (crash course)

2
Use EFT to describe flavor violation: K — K mixing; A2 (dL%‘SL)

D — D mixing: A2 (UJL’VMCL)2
N P

Assuming SU(2).. : A2 (QLZ'(XQ)z'j’YuQLj)(QLz'(XQ)z'j’YMQLj)a
NP

QLi:(uL,dL)i, i,jEl,Q.

14



Two generation covariance crash course, cont’

A A d A .Ad x A A
Define vector space: A,;= ">, J= = Jya=Auax J.
i 7 A A< A,

_ tr(A B)
| \/tr(AQ)tr(BQ) .

&0.| &3y

A=/ 2te(4?), A B=-t(AB), AxB=—L[AB], cos(0 =4
— 2 ) —2 ) 2 ) 9 AB) = |14TH

15



Two generation covariance crash course, cont’

Aud A AdX.A

Define vector space: A, = J = “ o T =A% J.
P ik Ay A0 T
L 51 ooz . _A-B _ w(AB)
Al =/ =tr(A%), A-B= 2tr(A B), AxB= > [A,B], cos(0ap) = ¥l NGB
X 1s a vector in this space: recall: 57— (Qi(X0)i Q1) (@1i(XQ)is7" QL)
j(02)

. The contribution of X to K" — KO mixing, Amy, given by the solid blue line. In
the down mass basis, Ad corresponds to o3, J is oo and Jd 1S 07.

15



Combining K" — K° mixing and D" — D° mixing
to constrain the flavor structure of new physics

Notice that:

A 2-gen’ case, 3 adjoints yield CPV: J = Tr {X [YDYBYUYJ}}
j(ag)

Projection of Xg onto J is measuring the physical CPV phase.

16



Combining K" — K° mixing and D" — D° mixing
to constrain the flavor structure of new physics

Cy 1
Az,

[@z‘(XQ)ij%LQj] [@i(XQ)ijWMQj} 7

— A2
ASp

(Sorry Ay.q = Agu.ga)

17



Finding the weakest robust bound, no CPV

cf = 12 [(x7)"+ (x7)7] |

cr _ L 2 (X7)" 4+ (X974 (X774 (X747 = (X)) cos(40) + 2X X 7 sin(400)] -

2

YdYJ A777‘ff AQd

In order to minimize both contributions, we first need to set X7 = 0. Next

we define

18



Finding the weakest robust bound, no CPV

Then the weakest bound is obtained for

T"KD sin(29c)
1+ rgpcos(20c)

tan o =

and is given by

B Anp
L <38x%x107° .
< 3.8 x 10 <1TeV>




Finding the weakest robust bound, with CPV

7 < 3.4 x 1074 Anp

— 1/4
(XJ)2—(XJ)4 1TeV

weakest bound on L

Blum, Grossman, Nir & GP (09)
Gedalia, Mannelli & GP (11)

0 0.2 0.4 0.6 0.8 1

XJ

The weakest upper bound on L coming from flavor and CPV in the K and D
systems, as a function of the CP violating parameter X, assuming Axp = 1 TeV. "’

20



SUSY implications, naively looks like alignment is dead!!

What is Xg in the SUSY case?

(squark doublets, 1TeV)

ma, — Mg, 0.034 maximal phases
<
mg, +mg, | 0.27 \ vanishing phases

K. Blum, Y. Grossman, Y. Nir and G. Perez, PRL (2009)

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

However ...

21



How alignment models really work!?

* Maximal phases => not correspond to an alignment model.
* Alignment makes both real and imaginary parts small.

J is universal (o9 is SO(2) invariant) = small physical phase!

J (05) J (o)
A A

correct

22



Degeneracy of Squarks

0.30
0.25
0.20
= 0.15
0.10
0.05
0.00

Gedalia, Kamenik, Ligeti & GP (12)

ur, aligned

dr. aligned

Log,@

- The bound on 5&22 as a function of the angle « (see text). The angle « is plotted on a log scale in the basis Ac = 0.23,

so that a value of 1 on the x axis corresponds to a@ = A¢ (large angle), while a value of 5 gives & = A2 (small angle — down
alignment). The vertical doted line shows the angle of optimal alignment (weakest bound). The red (blue) shaded region
corresponds to a gluino mass mg of 1 (1.5) TeV, and inside each region the average squark mass m is varied in the range
[0.8mg, 1.2mg]. The upper edge of each region (weakest bound) comes from the lowest m . The two dashed lines correspond

to mg = my.
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(non) Degeneracy of Squarks

* No strong degeneracy required!

* Ex.:

* This can be generated by™: i, e s samer s0ys nir

mg=1.3 TeV, mgs =550 GeV,ms5,=950 GeV

Anarchy at the SUSY breaking mediation scale
SUSY renormalization group flow to the TeV scale
Can lead to modest level of degeneracy

Raz (02).

24



However is this consistence with the
LHC data?? o i e

Compact Muon Solenoid

mgz = 1.3 TeV, me3

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

= 550 GeV, mgy, = 950 GeV
1 2

o 2000 Ll I; T TR¥! L mir Tl LI L LI
S T T T ALRARRN
@ | I \  ATLAS Preliminary _
. I ‘
g : \\ Combined ]
% 1800 | mmmm CL; observed 95% C.L. limit —
g “wa=a- CL, median expected limit  _
\
> - EXpected limit £1c ]
< 1600 [[J-ATLAS EPS 2011 —
o "~ -
;] ~
. '
. S
1400 \ Sol 0 e,
Y T TT —
. . . i
\,___"_: ....... -._-..
e, -.--"'--lu |
\‘\___ """""""""""""" ™
1200 T, T
Ogysy = 10fb’—
1000 —

800

600

600 800 1000 1200 1400 1600 1800 2000
gluino mass [GeV]
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How do limits change?

Estimate:

Decouple 6 dof:

A mmax —
= —1-4

m max

TOO NAIVE!

Limits affected by:

. squark multiplicity
. signal efficiencies

« PDFs

1

ol

~ 25%

26



Efficiencies

Signal efficiency falls very rapidly with decreasing squark mass
Direct Decay:ﬁﬁaqqx?x? BG'OW i 600 GeV €0 — ].

_I |IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII 1

— 1000 -
S u L
s - ATLAS Preliminary Q
(5 900 0/epton 2011 2jm_ > 1000 GeV o)
@ 800 J Ldt=1.04 " \s=7 Tev r=
S 3]
£ 700F R
- 100 @
O ] -
- - O
) 600 = . 2
—l - n ] ©
500 - Q
: . I
w- S ; g
300—
- | |
200
C o
100F m
- ] N |
O 1111 | 1111 I 111 L1 | L1111 I 10'3
0 100 200 300 400 500 600 700 800 9001000

squark mass [GeV]




In fact, all 4 flavor “sea” squarks can be light!

Valence v. Sea Squarks

" | “ | ]
T %D L S
= OB |8 0 s
I oW S = 4 F _
5 | il = i i
T el S 1=
= - Tawg T T T T T T a . -
L m i - - Vi u
|||||||||||||||||| L R !
0 x.... 1
. ‘ =
III...l..uH...\nU ]
| a8
\\1 H /,.-1
=
lllllllllll =
................. E
\4.} ]
P lo
lllllllllllllllllllllllllllll i 3
d 4
(D]
RS |
n |
2 1S
D]
..................... oy . <
_____________________ B o |
o o o o o o
S S S S S S
= Q S &0 O =
| |
¥ €1
[AOD] " 2w =" 2w

My, , = Mg |GeV]

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

4 Probing up sector is invaluable => era of precision u-data.

<4 Down alignment (& up anarchy?) is consistent & simple possibility
(simple SUSY breaking models?).

4 Despite lore very light squarks are consistent data gegardiess of aignmen).
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