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Why flavor matters in the LHC era”

» Directly relates to two outstanding HEP issues: SM & NP flavor
puzzles

» Indirectly probes NP scales up to 10° TeV through virtual effects

« Can help shed light / constrain the nature of the EWSB & the
Higgs sector

 Can help reduce fine-tuning in models addressing the EW
hierarchy in light of null LHC NP search results

* I[n case of observed deviations from SM, can point towards
experimental targets both at high-pr and at other venues
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Why flavor matters in the LHC era”

SM phenomenologically very successful

Most likely just (experimentally accessible) effective theory
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Why flavor matters in the LHC era”

Twofold role of flavor physics

(1) Indirect probe of BSM physics beyond direct reach
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Why flavor matters in the LHC era”

Twofold role of flavor physics

(1) Indirect probe of BSM physics beyond direct reach

e y -
AlTeV] Q(ﬂ} ~ 29T %) ® [T P q;]

of flavor |

Zij ~ eXp(’i¢Np)

UTFit, 0707.0636
Isidori, Nir & Perez, 1002.0900
Lenz et al., 1203.0238

ETMC, 1207.1287




Why flavor matters in the LHC era”

Twofold role of flavor physics

(2) Test sources of flavor symmetries & their violation

Suggestive pattern of masses and mixings

1TeV| CKM PMNS
| Lept R d S b V; V, V3
ICeV!
1 MeV, e - Ve - >
e il o { £ % __
1eV| 0.04-0.3 eV R :
t : :
S. Stone, 1212.6374
Accidental? Dynamics” Symmetries?
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Why flavor matters in the LHC era”

Twofold role of flavor physics

(2) Test sources of flavor symmetries & their violation

In SM flavor only broken by Higgs interactions

s ~N e . N\
i : y’LJ ; :

Vet =|—p1°¢ e + M@ 9)?|+|Y SR UINOE A v JL¢T¢ + ...

EW breaking | | Flavor breaking

BSM sources of flavor breaking may or may not be related to
EW scale generation
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Why flavor matters in the LHC era”

Twofold role of flavor physics

“yvample 1: MSSM ries & their violation

New flavor sources from SUSY breaking JS Interactions
- squark, slepton masses & trilinear terms

N
. : [ .

Radiative EWSB from flavor effects L URO A ?JA ot JL¢T¢ + ...

- Higgs mass term driven negative by top |

Yukawa RGE Flavor breaklng

ay or may not be related to
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Why flavor matters

in the LHC era?

Twofold role of flavor physics

—xample 1: MSSM

New flavor sources from SUS
- squark, slepton masses & t

Radiative EWSB from flavor €
- Higgs mass term driven neg
Yukawa RGE

Yries R their violation

p
Example 2: composite pseudo-
Goldstone Higas

New flavor sources from partial compositeness
- mixing with heavy vector-like fermions

Radiative EWSB from flavor effects
- Goldstone shift symmetry broken by top
Yukawa
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Why flavor matters in the LHC era”

Twofold role of flavor physics

(2) Test sources of flavor symmetries & their violation

Global flavor symmetry of SM broken by Yukawas:

Gr :@U(S)Q]x SU(3)y x SU(3)p x SU3)1. x SU(3)p

SM contributions highly
- A, = (v, Yh,, hierarchical & aligned
3 Ag= (YaY] ) U |
<| / Severe constraints on
< é““/id generic BSM sources
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Why flavor matters in the LHC era”

Twofold role of flavor physics

(2) Test sources of flavor symmetries & their violation

s

Global flavg z/ (A=1TeV) was:
I
e - |
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Reclaiming flavorful NP at EW scale

Global flavor symmetry of SM broken by Yukawas:
Gr :CSU(B)Q]X SU(3)y x SU(3)p x SU(3)1, x SU(3) s

Formally, NP flavor cannot be completely trivial / d*2 T{Qup Hsui)

z—=14+a1 A, +aA;+ ...

d’Ambrosio et al., hep-ph/0207036

Ai>2 S ai,2 “l\/liﬂimal Flavor ViOla’[iOﬂ" Colangelo et al., 0807.0801

AlGeV]
107 £

. . Q) ~ [AF(@@,)
102 . NP in loops
U

10}

probe EVV scale masses
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http://arxiv.org/abs/hep-ph/0207036
http://arxiv.org/abs/hep-ph/0207036

Reclaiming flavorful NP at EW scale

-lavor triviality iImposes degeneracy in NP spectra -
oroblematic for naturalness@LHC

In SM, top Yukawa imposes largest . /t\ _____
fine-tuning in Higgs potential = __/

2
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Reclaiming flavorful NP at EW scale

-lavor triviality iImposes degeneracy in NP spectra -
oroblematic for naturalness@LHC

In SM, top Yukawa imposes largest . C—T\ _____
fine-tuning in Higgs potential = __/

2 A2
5m%~%2+%m%logm—%+... @
prefer light top partners (mr<1TeV ) s BT
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Reclaiming flavorful NP at EW scale

-lavor triviality iImposes degeneracy in NP spectra -
oroblematic for naturalness@LHC

In SM, top Yukawa imposes largest
fine-tuning in Higgs potential =

2 2
m A

Sm; ~ %z—k—tm%log——k...
V2 ma,

prefer light top partners (mr<1TeV )

avoiding flavor bounds though triviality
= presence of u,d,... partners (my~mr)

Strong LHC direct search constraints

(MSSM example)

Squark-gluino-neutralino model
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

Possible in flavor models mimicking the SM SU(3)/SU(2) flavor

breaking pattern (i.e. U(2)%) Buras & Gt 12065675
Barbieri et al., 1105.2296
1108.5125
Example: natural SUSY 1208.4218
1206.1327
1211.5085
BSM flavor effects mediated by 3rd A . TS;’;};‘;I;T
generation squarks (& sleptons) R .
Key observables:
— T — —_ 1.0TeV
¢ (CPV) in K(ex), B mixing (A@ :
» Rare B decays (B—(X)l"[-,») 0> TeV : l B
* LFV & EDMSs

Isidory @ ICHEP’14
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

Possible in flavor models mimicking the SM SU(3)/SU(2) flavor

bre,{ — et al., 0903.1794
q R 00 | Barblen Qt al., 14Q2.6677 ach, 1206.3878
q g q - N tal.,, 1105.2296
Prararoraran - 2 T | 1108.5125
Exa ” " . ,f_1aV_Q_.I’_'-_b_Q:UIf1dS\ - 1203.4218
B P - B AT o SN j 1206.1327
q b b 1 Ol T S e N ] 1211.5085
BSV 00000 — e i R
b ~ b | : x
g |r_".
gene 2 00 .
LI T
X_ .\\\\_'.
Key a\ \\'\\
(C ~0.1} )
L4 I - . T
| - e | HC allowed |
e K -0.2 - - - - -
0.8 0.9 1.0 1.1 1.2 1.3 1.4
AM,/AMM

Isidory @ ICHEP’14



Reclaiming flavorful NP at

-\ scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

Possible in flavor models mimicking the SM SU(3)/SU(2) flavor
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

Possible in flavor models mimicking the SM SU(3)/SU(2) flavor

breaking pattern (i.e. U(2)%) Buras & Gt 12065675
Barbieri et al., 1105.2296
1108.5125
Example: natural SUSY 1203.4218
1206.1327
1211.5085
BSM flavor effects mediated by 3rd A . TSS:‘};;?ST
generation squarks (& sleptons) s ey .
Key observables:
1.0 TeV —
» (CPV) in K(er), B mixing (Am,, ¢) _
-Qare B decays (B—(X )l*@ 05TV E I =
. LFV & EDMs

Isidory @ ICHEP’14
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

Possible in flavor models mimicking the SM SU(3)/SU(2) flavor

{ ., 0903.1794
brec update of Straub, 1012.3893 . 1206.3878
q 2.0 using CMS, 1307.5025 B 145 0096
3 1108.5125
=xa AN 1203.4218
b » 1206.1327
q t g -~ 1211.5085
Q‘ |
BSM N
b M Y
genE T 1.0
=
A
Ke ! 7
y > "-AO? H" 205
Bq t :1. .............. 2
* (@
b H 0.0

0 RSc 10 20 30 40 50
10° x BR(Bs — ptp™)

Nontrivial test of MFV. |
. L et al, B507:5008 In the future also with B— Kvy, K— nyy!

Isidory @ ICHEP’14
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

ACME, 1310.7534

Possible in flavor models mimicking the SM SU(3)/SU(2) flavor

breaking pattern (i.e. U(2)%) Buras & Gt 12065675
Barbieri et al., 1105.2296
1108.5125
Example: natural SUSY 1203.4218
1206.1327
1211.5085
BSM flavor effects mediated by 3rd A . TS;’;};;;T
generation squarks (& sleptons) R .
Key observables:
1.0 TeV —
» (CPV) in K(er), B mixing (Am,, ¢) _
W
» Rare B decays (B=(X)I"l,m) ootV IE l 5
/ = \ Barbieri et al., 1402.6677
LFV &

Isidory @ ICHEP’14
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

ACME, 1310.7534

Possible in flav{ improved constraint on 6] < 87 x 10~ cem ) flavor

. Kagan et al., 0903.1794
breaking patter) _, goynds Higgsino & sneutrino parameters e & Girbach, 1206.3678

arbieri et al., 1105.2296

Example: natur $ e > 1TV VIm(p) tan 3 eyl
tan B=5 1206.1327
08 oo
BSM flavor effects o

generation squarkg

\ 5] 1211.5085

Key observables:

+ (CPV) in K(en), E

01;\\ I 00\075 I I I S 1]
0.1 02 03 04 05 06 07 08

« Rare B decays

Barbieri et al., 1402.6677 ™My [TeV]

(FV & EDMS)

Isidory @ ICHEP’14



Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

Possible in flavor models mimicking the SM SU(3)/SU(2) flavor

breaking pattern (i.e. U(2)%) Buras & Gt 12065675
Barbieri et al., 1105.2296

1108.5125

Example: natural SUSY 1203.4218

1206.1327
1211.5085
BSM flavor effects mediated by 3rd A _ ngflﬁiﬂj

-
generation squarks (& sleptons) |5 Tov — l .
Key observables: | High pT searches with
1.0 TeV — | "
+ (CPV) in K(ex), B mixing (Amy, o) ‘ heavy flavors!
05Tev -{ B |

| W
 Rare B decays (B—(X)I"[-,») ‘/ B

* LFV & EDMs

Isidory @ ICHEP’14
sidory 08



Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

* LFV & EDMs

11, production, i+ bIF 7 /s cq A-WbE /t—t%  Status: ICHEP 2014

LI B e e S e e e T Czakon et al., 1407.1043
ATLAS Preliminary L «20m" 158 Tev L, = 4.7 0" 15«7 TeV w-——————————————— al., 0903.1794
—_:i'}':i: e L . | CMS7TeV,23fb! ch, 1206.3878
:}:T',,f i e oy — — al., 1105.2296
== k" »c’:| 0L [1407 0608) 3 80+
—= :ﬂ' 1'% (t:l‘i'f')tl)e{ 1L [1407 0583) - L 1 10851 25
E 1203.4218
= QObserved limits +-++ Expected limits . I 1206.1327
Al limits at 95% (‘:L - ';‘ 60 L 1 21 1 5085
E 8 s CMS it
S = | ALEPH
3 s 40
. , .
= es with
E Y iy CMS tt i
1 e OT’S.
| %Oh 100 150 200 250
m; [GeV] m; [GeV]

see also ATLAS, 1406.5375

Isidory @ ICHEP’14
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

Alternatively, align SM & NP flavor breaking

A Can use abelian flavor symmetries
z, Agq] ~ 0 CPV in light quark FCNCs
< automatically suppressed
X / o
3 éA%i i__../?’

Ay
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

-
Alternatively, ¢ 030
A ;(%2 - Mg, — Mg, , :
0.20 — uz aligned (.._) d; aligned ] & Seiberg, hep-ph/9304307
[Z7 Ad = 0.15 — €Ex : dp
N 1
< 0.10 |
X N 0.05
e : i
< A e 0.00
Assuming maximal CPV  Bumetal., 0903.2118

31



Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

-
Alternatively, § o230, |
A 25 _5 .
0-251 -~ [hmetries
0.20 | - & Seiberg, hep-ph/9304307
. z E
B [Z7 Ad' TQQI 0.15 - _§
S ) B 5
< \\ 0.10 5_ :
X N 0.05
e . i
< A i 0.00 ¢
Log,a
Assuming realistic CPV 0% 5 B0 o o
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires

light 3rd generation

partners = LHC bounds then imply flavor nontrivial spectra

Alternatively, align SM & NP flavor brea

T T Can use abe
other
S

>

squark

1.5 TeV —

1.0 TeV

0.5 TeV - U .

W

ool

KINg

Allows split NP spectrum

lan flavor symmetries

Nir & Seiberg, hep-ph/9304307

: CPV in light quark FCNCs
automatically suppressed

Gedalia, J.F.K, Ligeti & Perez
1202.5038
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Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra
4

Alternatively, align

r symmetries

A Nir & Seiberg, hep-ph/9304307
1.5 TeV — NCs
sed
1.0 TeV — Gedalia, J.F.K, Ligeti & Perez
1202.5038
Fum
0.5 TeV —

Example: MSSM with 2nd (& 3rd) gen. squarks below TeV

Mahbubani et al., 1212.3328

34



Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

- Large flavor breaking can modify exp. searches

» Some reduction of fine-tuning

Example: |al’ge tp —Cp mixing iNn MSSM Blanke et al., 1302.7232

see also ATLAS-CONF-2013-068
1407.0608

new signature tj.Ex'

traditional ttEF™ and jets+ EX*= searches not optimized
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http://arxiv.org/abs/1407.0608

Reclaiming flavorful NP at EW scale

EW hierarchy stabilization only requires light 3rd generation
partners = LHC bounds then imply flavor nontrivial spectra

) Large ﬂaVOr breaking Can mC( 95% CL mass exclusion

600 I e ————t e
gl RH mixing angle

| c=cosOR

» Some reduction of fine-tuning

my (scharm like)

wn
=
—

I T

Example: large tgr — crMIXiNg

new signature tj.Ex'

450 -

traditional ttEF™ and jets

2 2 2 92
. c"msT + s“m i
Tunlng measure: € — 1 2 2 4007\ T e M N R I
my 350 400 450 500 550 600 650

(compared to
pure stop)

(shown for ¢=0.7) my (stop like)

36



Conclusions

Success of SM in describing flavor-changing processes implies

that large new sources of flavor symmetry breaking at TeV scale
are mostly excluded.

However, NP at TeV scale need not be flavor triviall

If (oroperly aligned) new sources of flavor breaking present

e Precision flavor observables may hide NP signals @10% level in well
motivated NP models (natural SUSY)

e can significantly affect & guide NP searches high pr

e have implications for EW fine-tuning
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