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Flavor data 1: the flavor puzzle

* Flavor puzzle: very hierarchical structures
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Flavor data 2: NP bounds
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https://arxiv.org/abs/1910.11775

Theory lessons?

NP addressing the flavor puzzle will create dangerous
contributions to flavor observables.

 No NP up to very high scales?

* But hierarchy problem: we expect NP at the TeV scale at least
coupled to the 3rd family.

NP at the TeV scale cannot address the puzzle problem.

 Universal NP at the TeV?

Too naive?
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LHC searches :3rd fam. NP (1 TeV): :Universal NP (Multi TeV):

1
Overview of CMS EXO rgsults

CMS prel y - B 16-140 fb~! (13 TeV)
String resonance M . 0.55-9 1911.03947 (2j) 137 fb~t
Zy resonance M . 0.35-4 1712.03143 (2p + 1v‘e +1y; 2j+1y) 36 fb1
Wy resonance M 1.5-8 112106.10509 (1j + 1y) 137 fb~t
3 Higgs y resonance M [ ] 0.72=325  1808.01257 (1j +1y) I 36 fb1
H Color Octect Scalar, k2=1/2 M 0.5=3.7 1 1911.03947 (2j) 137 fbt
Scalar Diguark M 1 05=7J]11911.03947 (2j) 137 fb~t
i+, pseudoscalar (scalar), g3, X BR(#-21) > =0.03(0.004) M 0.015-0.075 1911.04968 (3¢, = 41) 137 fp~t
t+ ¢, pseudoscalar (scalar), g2, x BR(¢-2!) > = 0.03(0.04) M 0.108-0.34 1911.04968 (3¢, = 4f) l l 137 b
2 quark compositeness (££), Nura =1 Nir [ | I <24 12103.02708 (2£) 140 bt
g £ quark compositeness (££), nup = — 1 Nmw $36/112103.02708 (22) 140 fb~t
g £ Excited Lepton Contact Interaction M I 02-5.6 2001.0‘21 (2e +2j) 77 fo~t
£ Excited Lepton Contact Interaction M I 02-57 ZOOI‘OfZl (2p+2j) 77 fb!
vector mediator (qq), gq =0.25, gom =1, m, =1 GeV M 0.35-0.7 1911.03761'23]') I 18 fb~!
vector mediator (£1), gg=0.1, gpm =1, gy = 0.01, my > 1 TeV M 02-1.92  2103.02708 (2e, 2) 140 fb~?!
(axial-)vector mediator (qd), gg=0.25, gou =1, my = 1 GeV M ] 055=2:8 1911.03947 (2j) 1 137 fb!
(axial-)vector mediator (xx), gq =025, gom =1,my =1 GeV M <1.95  2107.13021 (= 1j +p§'™) 101 fb~*
(axial)-vector mediator (1), g = 0.1, gom = 1, g = 0.1, My > Mimeal2 M 1 02464 2103.02708 (2qg24) 140 fb~!
5 scalar mediator (+t/tf), go=1,gom=1,m, =1 GeV M <0.29 1901.01553 (0, 11 + = 2j + py'ss) 36 fb~t
g scalar mediator (fermion portal), A, M 1 <15 2107.13021 (= 1j+ p§'s) l 101 fb~?
¥ M <047 | 210713021 (= 1j+pf™) 101 fb~!
8 M <0.3 1901.01553 (0, 1£ + = 2j + p§'™*) 1 1 36 fb!
COMPIEX 5 M <154 1810.10069 (4]) 16 b=t
Z' mediator (dark QCD), Mark = 20 GeV, finy = 0.3, Quark = A4 M | | 15-5.1 2112-1112121' +py) 138 fb~!
Baryonic Z', gq=0.25, gon =1, my =1 GeV M <16  1908.01713 (h + p§'™) 36 fb~!
2/~ 2HDM, g7 = 0.8, gou = 1, tanB = 1, m, = 100 GeV/ M 1 0:5=3:1" 1908.01713 (h + p§'ss) 1 36 fb?
Leptoquark mediator, f=1, 8= 0.1, Ay, oy = 0.1, 800 < My < 1500 GeV M 03-0.6 181L10151(1u+=i+p’€‘55) . 77 fo~?
% &
RPV stop to 4 quarks M 0.08-0.52 1808.03124 (2j; 4j) 36 fb~!
z RPV squark to 4 quarks M 0.1-0.72 1806. omszlz;') l 38 bt
3 RPV gluino to 4 quarks M I 0.1=1:41"" 1806.01058 (2j) l 38 fb‘i
RPV gluinos to 3 quarks M <15 1810.10092 (6j) 36 fb~
ADD (jj) HLZ, ngp =3 M ] I <1217/1803.08030 (2j) 36fb!
ADD (yy, 1) HLZ, nep =3 M 1 1 <9.1/1812.10443 (2y, 20) 36 fbt
ADD Gy emission, ngp =2 M <108772107.13021 ( = 1j + p7'ss) 101 fb~?
ADD QBH (j), neo =6 M 1 8.2 1803.08030 (2j) 36 fb~1
- ADD QBH (eu), neo =4 M <516 2205.08709 (ep) 137 fbt
H ADD QBH (eT), neo =4 M 1 <52 2205.0670§ (eT) 137 fbt
2 ADD QBH (ut), nep =4 M <5 2205.06709!“') 137 fb~t
§ RS Gy(t0), kifp = 0.1 M 1 41787 2103.02708 1') 140 fo~t
£ RS Gik(yy), ki =0.1 M 247177 1809.00327 (2y) 36 fbt
@ RS Gyk(qd. 99), kiMp = 0.1 M 1 0:5-2:6 | 1911.03947 (2j) | 137 fb~t
RS QBH (jj), nep=1 M <5,9°1803.08030 (2j) 36fb!
non-rotating BH, M = 4 TeV, neo = M 1 29/777/1805.06013 ( = 7j(L, ) 36 fb~t
3-brane WED gkk(¢ + g = 999), Ggrav = 6, Ggee = 3, £= 0.5, m(@)/m(gre) =0.1  m(gye) 2541377 2201.02140 (2j) 137 fb~?!
split-UED, p=2 TeV R [ ] 0/4=2187 2202.06075 (£ + py'ss) | 137 fb~?
=2 excited light quark (qg), A=m; M [ | o5=6:37 19003947 (2)) 137 fp1
g 2 excited electron, fy == M 1 025=31977 1811.03052 (y + 2e) 36 fb!
w E excited muon, fs=f=f=1, M 0:25=3:8 ' 1811.03052 (y + 2p) 36 fb1
VMSM, [Vey[2= 1.0, [Vial? =1.0 M Bo01-1.43  1802.02965; 1806.10905 (31(w, €); = 1j + 20(1, €)) 1 36 fb~!
2 UMSM, [VenV|2/(|Ven|? + Vi) = 1.0 M 0.02-1.6 1806.10905 (= 1j+p+e) 36 fb~!
g% Type-lll seesaw heavy fermions, Flavor-democratic M 0.1-0.98 !202‘08676 (34, 240,17+ 30,21+ 20,31+ 14, 1T+ 2/, 2T + 10) I 137 fbt
=5 M 0.1-1.045 1 2202.08676 (31, = 4f, 1T+ 30, 2T+ 20, 3T+ 14, 1T+ 2/, 2T+ 11) 1 137 fot
M 0.125-0.15 2202.08676 (31, =42, 1t + 32, 27 + 24, 37+ 12, 1T+ 20, 21+ 11) 137 fb~t
scalar LQ (pair prod.), coupling to 1%t gen. fermions, B =1 M b a1y (2e+2j) L 36 fbt
scalar LQ (pair prod.), coupling to 1% gen. fermions, 8= 0.5 M I<1,z7 1811.01197 (2e + 2j; @ + 2j + py'ss) l 36fb!
] scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1 M <153  1808.05082 (2p+2j) 36 bt
s scalar LQ (pair prod.), coupling to 2" gen. fermions, M 0.8-1.5 1811.10151 (1p + 1j+ pf'ss) I 77 fbt
,E 2l prod ) _counling to 2m gen fermion M <129  1808.05082 (2yt + 2j; p + 2j + pP's) 36 fb~!
3 M K126 CMSPASEXO-19-016 (2T +2)) 1 137 b7
lar 1O (sinale prod ). coupling to 1* gen fermions =04 = M 1-16  2107.13021 (= 1j + p§™) 101 fb~t
scalar LQ (single prod.), coupling to 3" gen. fermions, B=1,A=1 M <075 CMS-PAS-[0-19-016 (27 + b) 1 137 fot
2Zp, narrow resonance M 0.0115-0.075 1912.04776 (2p4) [ ] 1 137 fb~t
2Zp, narrow resonance M 0.11-0.2 1912.04776 (2p) 137 fb~?
SSM Z/(21) M 1 02515 2103.0270§2e, 2) 140 fb=t
SSM Z/(qq) M 05-2.9 | 1911.03947 (2j) 137 fb~t
Z'(q4) M 0.01-0.125 1905.10331 (1j, 1y) | | 36 fb?
. Superstring Z;, M I 02-46 2103.02708 (2e,2p) 140 fb~!
H LFV Z, BR(ep) = 10% M 0:2=5712205.06709 Rey) 137 fb !
a LFV Z', BR(eT) = 10% M 0243 2205.06709 (eT) 137 fbt
§' LFV Z', BR(uT) = 10% M I 02-4.1 2205.06709 (uT) I 137 fb~t
i Leptophobic ' M 0.05-0.45 1909.04114 (2j) 1 78 fo~!
g SSM W/(fv) M 0.4-5.7 2202.0!375 (£ + pyiss) 137 fb'i
z SSM W/(Tv) M 0:6=4:8" CMS-PAS-EXO@1-009 (T + pf'*) 137 fb~
SSM W/(qq) M 1 0:5=3:6"" 1911.03947 (2j) i 137 fb~t
LRSM Wa(uNg), My, = 0.5My, M 1 <5 2112.03949!:u+zj) 36 fb~!
LRSM W (eNg), My, = 0.5My, M <47 2112.03949 (2€+ 2j) 36 fb?
LRSM Wa(TR), My, = 0.5Mu, M 1 <35 1811.00806 (2t +2j) 36 fb~!
Axigluon, Coloron, cotf =1 M 0.5-6.6 11.03947 (2j) 137 fb?
1 . B 1
0.1 1% " 10.0
Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). mass scale [TeV] ICHEP 2022

Javier M. Lizana | Theory lessons from flavor data



LHC SearCheS -3rd fam. NP (1 TeV). -Unlversal NP (Multi TeV)
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Overview of CMS EXO rgsults I
CMS preliminary - B 16-140 fb~! (13 TeV)
| | . _
String resonance M 0.55-9 1911.03947 (2j) 137 fbt
Zy resonance M I 0.35-4 1712.03143 (2p+ 1v‘e +1y; 2j+1y) 36 fb1
Wy resonance M 1.5-8 2106.10509 (1j + 1y) 137 fb?!
5 Higgs y resonance M I 0.72-325  1808.01257 (1j + 1y) I 36 fb1
2 - R
H Color Octect Scalar, k2=1/2 M 0.5=3.7 1 1911.03947 (2j) 137 fbt
Scalar Diquark M 1 05=7} 11011.03947 (2j) 137 fb~!
tE+ ¢, pseudoscalar (scalar), g2, x BR(§-21) > =0.03(0.004) M 0.015-0.075 1911.04968 (3¢, = 41) 137 fp~t
tt + ¢, pseudoscalar (scalar), g2, x BR(¢~21) > = 0.03(0.04) M 0.108-0.34 1911.04968 (3¢, = 41) | | I 137 fb~?
2 quark compositeness (££), Nur =1 Numw [ | 1 <241112103.02708 (21) 140 bt
g % quark compositeness (), numa = — 1 N <361112103.02708 (2¢) 140 fo~t
g £ Excited Lepton Contact Interaction M l 02-5.6 2001.0‘21 (2e+2j) 77 fb!
£ Excited Lepton Contact Interaction M I 02-57 zoomisn (2p+2j) 77 fb!
vector mediator (qq), gq =0.25, gou =1,my =1 GeV M 0.35-0.7 1911.03761-231') 1 18 fb~!
vector mediator (£]), gq = 0.1, gou = 1, g = 0.01, my> 1 TeV M 02-1.92 " 2103.02708 (2e, 2p) 140 fb~1
(axial-)vector mediator (qd), gg=0.25, gou =1, my = 1 GeV M ] 05=2:8 1911.03947 (2j) 1 137 bt
(axial-)vector mediator (xx), gq = 0.25, gom = 1,my =1 GeV/ M <1.95  2107.13021 (= 1j +pf'=s) 101 fb~*
(axial)-vector mediator (££), gq = 0.1, gow = 1, gs = 0.1, My > Mmeal2 M 1 02-4.64 2103.02708 (2'zu) 140 fb~?!
= scalar mediator (+t/tf), go=1,gom=1,m, =1 GeV M <0.29 1901.01553 (0, 1£ + = 2j + py'ss) 36fb!
g scalar mediator (fermion portal), A, = 1,m, =1 GeV M 1 <15 2107.13021 (= 1j+ py's) l 101 fb~?
¥ M <047 | 210713021 (= 1j+pf™) 101 fb~!
8 M <03 1901.01553 (0, 1L + = 2j + p§'™*) 1 1 36 fbt
M <154 1810.10069 (4]) 16 b=t
Z' mediator (dark QcD), mdark—ZU GeV, nw:o 3, Qgark = Q55K M | | 15-51 2112 1112121 +py) 138 fb~!
Baryonic Z/, gq=0.25, gon =1,m, =1 GeV M <16  1908.01713 (h + p§'™) 36 fb~!
,my =100 GeV M 1 05-31 1908.01713 (h+ p§*) 1 36 fb~!
Leptoquark mediator, = 1, B.= 0.1, Ay oy = 0.1, 800 < Mo < 1500 GeV. M 03-0.6  1811.10151 (1p+1j +pr'=s) 77 fp=1
o RS G000 K 49.99), KiMp = 0.1 M | | LR R LA 13710
RS QBH (jj), nep =1 M <597/1803. 08030 (2j) 36 fbt
non-rotating BH, Mp = 4 TeV, nep = M 1 <91711/1805.06013 (2 7j(£, y)) 36 fb~t
3-brane WED (¢ + 9 999), Ggrav = 6, Gg, =3, £=0.5, m(@)m(gc) =0.1  m(ge,) 241377 2201.02140 (2j) 137 fb~?!
split-UED, p=2 TeV R [ ] 01/4=2187 2202.06075 (£ + py'ss) | 137 fb~?
22 excited light quark (gg), A=m; M [ ] o5=637 19003947 2j) 137 fb !
% E excited electron, fs=f= M 0:25=3:9°11811.03052 (y + 2e) 36fb!
&9 excited muon, fy=f=f= M I 025-3:8 1811.03052 (y +2p) 36 fb~!
VMSM, [Vey[2= 1.0, [Vial? =1.0 M Bo01-1.43  1802.02965; 1806.10905 (31(w, €); = 1j + 2001, €)) 1 36 fb~!
2 UMSM, [VenVp|/(|Ven|? + Vi) = 1.0 M 0.02-1.6  1806.10905 (= 1j+p+e) 36 fb~!
g% Type-Ill seesaw heavy fermions, Flavor-democratic M 0.1-0.98 !202 08676 (3¢, = 4L, 1T+ 31, 2T+ 21,31+ 14, 1T+ 2/, 2T +10) 1 137 fot
=5 M 0,1—1‘045I 2202.08676 (3, = 4f, 1T+ 30, 2T+ 20, 3T+ 14, 1T+ 2/, 2T+ 11) 1 137 fot
M 0.125-0.15 2202.08676 (31, = 42, 17+ 31,27+ 21,31+ 11, 1T+ 2/, 2T+ 1) 137 fb~t
scalar LQ (pair prod.), coupling to 1t gen. fermions, f =1 M b a1y (2e+2j) L 36 fbt
scalar LQ (pair prod.), coupling to 1% gen. fermions, 8= 0.5 M I<1,27 1811.01197 (2e + 2j; e + 2j + p§'™) I 36 fb!
] scalar LQ (pair prod.), coupling to 2 gen. fermions, B =1 M <153 1808.05082 (24 +2j) 36 fb~!
% scalar LQ (pair prod.), coupllng to 24 gen. fermions, M 0.8-1.5 1811.10151 (1p + 1j+ py'ss) l 77 fb'i
prod g 2nd go » i i) "~
H 2 o0 M <129  1808.05082 (2p + 2j; p + 2j + py'™) 36 fb -
s scalar LQ (pair prod.), couplmg to 3 gen. fermions, B =1 M l<1.26 CMS-PAS-EX0-19-016 (2T + 2j) I 137 fb
lar 10 (sinale prod.) coupling to 1*gen fermions =0 = M 1-16  2107.13021 (2 1j+ py'ss) 101 fbt
scalar LQ (single prod.), coupling to 3" gen. fermions, B=1,A=1 M <075 CMS-PAS-[0-19-016 (27 + b) 1 137 fot
Zp, narrow resonance M 0.0115-0.075 1912.04776 (2p4) [ ] 1 137 fb~t
2Zp, narrow resonance M 0.11-0.2 1912.04776 (2p) 137 fb~?
SSM Z/(21) I [ ] 02=5115"2103.027082¢, 2p) 140 fo!
SSM Z'(qq) M 0.5-2.9 1911.03947 (2j) 137 b
Z/(qq) M 0.01-0.125 1905.10331 (1j, 1y) | 1 36 fb?
- Superstring Z, M l 02-4.6 1 2103.02708 (2e,2p) 140 fb~t
2
LFV Z', BR(ep) = 10% 02=5112205.06709 Rep) 137 fb~t
§ (ey) = 10% M M -,
3 LFV Z', BR(eT) = 10% M 0243 2205.06709 (eT) 137 fb
> LFV Z', BR(uT) = 10% M I 02-4.1 2205.06709 (uT) I 137 fb~t
3
s Leptophobic ' M 0.05-0.45 1909.04114 (2j) 1 l: 78 fb!
g SSM W/(fv) M 0:4=57"2202.08075 (£ + pp'ss) 137 fb~?
z SSM W/(Tv) M 1 0.6-4.8 CMS»PAS-EXO'I-OOQ (T+ppiss) 137 fbt
SSM W/(qq) M 0:5=3:6"" 1911.03947 (2j) 137 fb~t
LRSM Wa(4iNg), My, = 0.5My, M 1 <5 2112.03949!eu+21> 36 fb~!
LRSM W (eNg), My, = 0.5My, M <47 2112.03949 (2€+ 2j) 36 fb!
LRSM Wg(TNg), My, = 0.5My, M 1 <35 1811.00806 (2T + 2j) 36 fb~!
Axigluon, Coloron, cotf =1 M 0.5-6.6 11.03947 (2j) 137 fb?
1 . B 1
0.1 1% " 10.0
‘ U o - ’ ICHEP 2022
Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). mass scale [TeV]
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Flavor symmetries of SM

* Flavor symmetry U(3)5 , only broken by Yukawas:
3——1F“F“””+'ﬂ +|DH|2—V(H)+(Y 7 Hy? +h.c)
— 4 Uv Y l/ja 7} ab l/jL l//R t

UB)Y = UB3),x UB3),x UB);x UB3),x U(3),

Largest breaking

of U(Z)q
+ Y, 4, very hierarchical AuN 2,%2,
_ T~
e To leading order: 0,008 V
U3 — UQR) <001 ~ 2,
( )3rd fam. Yuk.( ) Yl/t ~ : 0.04 q
* Protection in FCNC

(GIM).
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[Kaplan, 1991]

Example: partial compositeness

e Strong sector stabilising the Higgs mass

qr
Elementary Strongly O
coupled } g----- H
sector
sector U D
Up, dp

L DGy Q + Ay iig U+ Agdy D

* Large mixing for 3rd family and suppressed mixing for light families

U(2) protection

Enough?
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https://inspirehep.net/literature/314641

[Kaplan, 1991]

Example: partial compositeness

e Important constraints from flavor:
Strong sector scale

qr. qr.

€k
| (K — K mixing) s
~ _> A >\ /v,y.5%x10°TeV ~ 30 TeV
Up, dp Up, dp

(Even stronger bounds from EDMs of neutron and electron)

» What did go wrong? The breaking of U(2) is not SM like...

( g~ 2 Vg~ 24 \
PC spurions { /lu ~ 2u VS Au ~ 2q X Qu } SM spurions
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https://inspirehep.net/literature/314641

[D'Ambrosio, Giudice, Isidori, Strumia, 0207036]

Minimal Flavor Violation

« Yukawas are the only spurious breaking U(3).

- Example: Largest breaking of U(3),;

_ 1 _ _
Z D (QLYMYJ?’”QL) Jll\l]p = L SMEFT 2 F(QLYuY;}/MQL) (QLYuY;y/HL)

€. Amn, Am
K> B’ B,
107* § < 4107
& N § 3 . 4
00 - Pl $ e A2 V.V, 2% 10°TeV ~ 10 TeV
E 10° . § s - I I N I 1105
= 10 N5 3 s 104
= . < . S E
% 10° ] ] P S 103
) s
10~ | & 11
~J DN ~J
o~ o~ O o~
TN NN N 1
SIISISIS S
S Y o e S Y S O S B
Observable . . g
[Physics Briefing Book, 1910.11775]
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https://arxiv.org/abs/1910.11775
https://arxiv.org/abs/hep-ph/0207036

[D'Ambrosio, Giudice, Isidori, Strumia, 0207036]

Minimal Flavor Violation

* Achievable imposing flavor symmetries. For example:

Elementary
sector \ H
g D /quL Q + YM@AU; Yd JRD U(3)-preserving
’ U, D d 3
\ U@) Ugay 2 q

(Ok, but ad hoc, and no explanation of flavor puzzle)

 Emerging dynamically if flavor is explained at a higher scale
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https://arxiv.org/abs/hep-ph/0207036

[Barbieri, Isidori, Jones-Perez, Lodone, Straub, 1105.2296]

Minimally broken U(2)

* A more interesting approach after LHC results: decorrelate
light and 3rd families.

Exact U(3) Exact U(2)

g?)’,qu Ch g :Zy,qu + Cl élLyluq;,

« NP with U(2) symmetry only broken by the SM spurions:

AM d,e Vq ~ 26[ VKN 2{
i }V A, ~2,%2,
Y, de ™ i ¢ 5
u,d,e _______ g Ad~2q><2d
. )
A, ~2 X2
e q 4
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https://arxiv.org/abs/1105.2296

[Dvali, Shiftman, hep-ph/0001072,Panico, Pomarol, 1603.06609
Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368

MUItiscale fI avor Barbieri, 2103.15635]

« Minimally broken U(2) emerges naturally in a multiscale origin of the
flavor hierarchies:

5 A, ~ 10*° TeV A, ~ 107 TeV Ay ~ O(TeV) v~ 246 GeV
- | | e
Vist ~ A3rd/Alst Yond ~ A3rd/A2nd Yind ™~ 1
dual
Gauge

Composite dynamics {-} Extra-dimensions

deconstruction

O—0O0—0

<

[Panico, Pomarol, 1603.06609; Fuentes-Martin, Isidori, Pages, Stefanek 2012.10492;
Fuentes-Martin, Isidori, JML, Selimovic, Stefanek, 2203.01952]
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https://arxiv.org/abs/hep-ph/0001072
https://arxiv.org/abs/1603.06609
https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2103.15635
https://arxiv.org/abs/1603.06609
https://arxiv.org/abs/2012.10492
https://arxiv.org/abs/2203.01952

[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368,
Allwicher, Isidori, Thomsen, 2011.01946,

Deconstructing flavor 7250 200 o

LH fields — 123 (H) 123 (H) 123 (H)

o giig
¢12NA2U Pz ~ Ns

TeV
Gl X G2 X G3 —_— SM

(Universal)
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https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2011.01946
https://arxiv.org/abs/2303.01520
https://arxiv.org/abs/2305.07690

[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368,
Allwicher, Isidori, Thomsen, 2011.01946,

Deconstructing flavor 7250 200 o

I B N -II
1 H

LH fields — 123 (H) 23 (H) 123 (H)

o g iy
¢12NA2U Pz ~ Ns

TeV
Gl X G2 X G3 EEE— SM

(Universal)
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https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2011.01946
https://arxiv.org/abs/2303.01520
https://arxiv.org/abs/2305.07690

Deconstructing flavor

* From the TeV, we see...

TeV
SMZ X G3 —_—> SM

(Universal)

3-light mixing only v
/' in the LH sector | "¢.7

\ Light Yukawas
A

generated at a
higher scale

Minimally broken U(2)

* Emerging flavor symmetry: | J(2)
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Deconstructing flavor

* From the TeV, we see...

< LD 3
/ €b23 ™~ A3
TeV
SM, X _SU4) — SM

/ (Universal)

4321 model

Quark-lepton unification of 3rd fam. a la Pati-Salam

lIJL/R —

U, LQ dominantly coupled to third family = Ry

(see Ben Stefanek’s talk)

[Greljo, Stefanek, 1802.04274, Crosas, Isidori, JML, Selimovic, Stefanek, 2203.01952,
Allwicher, Isidori, JML, Selimovic¢, Stefanek, 2302.11584]

Javier M. Lizana | Theory lessons from flavor data


https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/2203.01952
https://arxiv.org/abs/2302.11584

Pheno of minimally broken U(2)

* Interesting signals:

Operator Process
(4,.Vy7,40)° B, mixing
l o3 3
( V yluQL)(fLy fL) RD(*), B — KI/I/,
(—i Vi Tayﬂqg)(ngayﬂfg) B —> KTT, BS —> TT

(@, Vit a) (v e )
(@, V, v,.49;)(HID'H)
GV, ey a) (& Ve Vi) Ry

It becomes a bound on V,

B — K{t,B,— ¢
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Conclusions

* A multiscale solution to the flavor puzzle is highly interesting:

* It would explain flavor at lower energies than traditional
approaches.

* It improves flavor bounds on NP necessary for the hierarchy
problem.

* Non-universal gauge extensions of the SM become a natural
possibility for BSM.

* |t opens the possibility to have quark-lepton unification of the
third family a la Pati-Salam at the TeV scale with a rich B-

physics phenomenology (R, B = K¢, B — Kuv, etc...).

Thank youl!
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Backup
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[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368, 1805.09328;
Greljo, Stefanek, 1802.04274;

4321 mOdeI Cornella, Fuentes-Martin, Isidori 1903.11517]

Third family quark-lepton unification:

Uy ~ (3, Dy
SU3),—SU(3), '~ (8, 1),
1

M ~ (1,1),
~ TeV
SUM@), X SUG); X SUQ), X U1, 00— SUB), X SUR), X Uy
- l >
U p_r7 - U(1), 2 > g
(qu\ gs ~ 83
6]1%’1% gh ~ 84
Yir= CIS’R gl ~ 8 /g4
fL,R) LHC bounds:

M 23 —3.5TeV

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/1805.09328
https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/1903.11517
https://arxiv.org/abs/2103.16558

4321 massive vector bosons

AU — \/5 mUl/ng

€R
U$v<
dg
\ f
Z/vw1<
f

0 0
(g/g)* O
0 1

Necessary for CKM

~ 8br 0

~ 84 0
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m Ax* = 1.0 contours
Prelim. 2023

BaBarl2

B-anomalies: R

R(D*)

0.35 Bellel5

- . _

Br(B —» D%zv)

R *) — 0.3
DY BB — D™)

LHCb23 LHCbH22

0.25 Rl :
~ 3.20
Bellel7 PRD 94 (2016) 094008 World Average
PRD 95 (2017) 115008

/\- s /\ 0.2 4+ HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D) =0.356 = 0.029,,,,

b TD R(D) = 0.298 + 0.004 PLB 795 (2019) 386 R(D*)=0.284 +0.013 |

/ C R(D¥ = 0254 £ 0005  FRL123 (019 091501 0=-037 ot

=0.254 = 0. EPIC 80 (2020) 2,74 -
010 ———— P T PRD 105 (2022) 034503 P(x?) = 25%
/ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 I 1
| RD* | 0.2 0.25 0.3 0.35 04 045 0.5 0.55
RA(95%CL) _ R(D)

I
|

0.05

0.00 /7 !

LR

C

-0.05

|
1

: ) ) )
Rp : Z 2 EVCb [ (1 + EL) (CLyﬂbL)(TL}"uVL)

—0.10;— —2C;(cC LbR)(fLVL)]

-15 TR SN S N [ Y R N | [ Y TN N S TN TR TN TN (NN TN SN SN SO NN SO NN N |
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 [J Aebischer, G. Isidori, M. Pesut,
B. Stefanek, F. Wilsch, 2210.13422]

c
LL
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https://arxiv.org/abs/2210.13422

B-anomalies: R 5, = 0.1~ 24V,

3500 .
I Rp
- 7, RA(95% CL)
U, 3000 -
cr :
b * 2500 ¢
s |
. S¢ O 2000f,
X S |
1500:—
T
T L _
K U, 1000 _
c; :
b 50QL et b
* 0.0 0.5 1.0 1.5 2.0
Br
A
c ~ :BR q b T v
LR . _
A%] . 95% CL CMS exclusion limits
1 < onpp — 17
b T
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[W. Altmannshofer, P. Stangl, 2103.13370]

B-anomalies: b — suu

B — K*uu
b
T, I
Ul
. 2 *
s
Sq %
~ F X loop  (Universal) CS
U |
b U
2
U, N Sq Sl
Ay
\) H
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0.4

0.2

2
Z D ;Vf; Vip Co(Spy"*bp )y, i)

NP
C9

—0.75%£0.23 ( ~ 3.40)

0,0 L it
1000 1200 1

400 1600 1800 p0O00 2200 2400

AU [GGV]

\4

b — ctv preferred regions for Sq = 0.1


https://arxiv.org/abs/2103.13370

And what about RK(*). e ?

3500 -+ . I
(*) -
R = Br(B > K" up) - New Rk
Br(B — K®ee) 3000 - i
— 2500 - .
b U 2
=
U, <X 2000~ i
s y
1500 - !
2
S, 5; |
A3, %00 005 010 015 020
Sq
Sp X 4| —L
‘ 0.1
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Other interesting observables

b T
« B, — 17 s
Ul ~ _q
2
e B—> Kzt Ag
\) T
Ul
b— N\ NN |78 g
. B — Kup ~ g Xloop
S—W UT
Ul

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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Other interesting observables

e B — Kr7t Ay
\) T
Ul
b— N\ NN |78 g
« B— Kup N_%]XIOOP
S—W VT
Ul

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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https://arxiv.org/abs/2103.16558

Other interesting observables

Current 95% CL limit (LHCDb)

0.005F<_ " ~ T 5 ittt ~=1
—~ \\\\x L] BR =1
I~ 0.001 "~ _
=~ 5.x10™ Tt~ o
® 1% 107 S
g 5.%x107°
Q
1.x107°
5.x107F .
1000 1500 2000 2500 3000

Ay |GeV]

\ v
b — ctv preferred regions for Sy = 0.1

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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https://arxiv.org/abs/2103.16558

Multiscale flavor

e Composite models/RS:

neutron EDM
" electron EDM

3" family 2" family

partly comp.

multiple flavor
scales
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[Panico, Pomarol, 1603.06609]



https://arxiv.org/abs/1603.06609

