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_____ A ——
MY PURPOSE HERE

ATake you from your initial look(s) at flavor (with some pbrief
refreshers) to some specific measurements / channels in
current flavor physics which

a) may be specific pathways to new physics in and of
themselves

b) provide valuable lessons for what we can say generally
about pathways to new physics through flavor

T-Aug 8-Aug

ATODAY: CP-conserving processes TmelDe  fhursday Friday

9:00--9:55 Rare Flavor

ATOMORROW: CPV processes- | oo oot

P. Hamilton P. Hamilton

9:55-10:10
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e -
CAVEATS

AlLargely model -agnostic & focus is on the
pathway, not the expected destination

Alnevitable bi as from what | dve had
eyes on

ALHCb-heavy -- been working on LHCDb for
more than 12 years, so my topic selection is
biased through that lens

AApologies to Belle -l friends!
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FLAVOR CHANGES IN SM

U,C,1t Alni tolvis basis, weak force is like 3

separate (weak Iso -)spin rotations
that stay within each doublet

(ML),

S, b AHiggs Yukawa couplings are in
eneral non -diagonal and so the
Iggs vev picks out a mass basis,
e.g. (schematically)

A3x3 Unitary rotation to change
bases
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e o
FLAVOR CHANGES

u, (/ ’ t Wolfenstein parameters: A ~ 0.22, A ~ 0.83, p ~ 0.15, 1~ 0.35

V..,
9 \ 1- A; A A)\?’(p - in) Maszstg
F L= 7 _>\ 1— >\—2 A>\2 (Mevzed E MDSt!kEI Emission of W * t
d S b 3 P _ 22 100'000? Ll ety Emission of W ~
> ¥ AN(1=p—in) -AA I :
AMisalignment between bases is " :
small(ish), described by Cabbibo - ool
Kobayashi -Maskawa "matrix
AUnitary 3x38®  ® ool s
not all parameters independent!
AMagic of KM mechanism: not ok
enough arbitrary phases in the quark x
fields to make the unitary matrix - 4
describing the basis change have =TT Charge  25e >
only real parameters: one phase
survives!
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s FLAVOR EXPERIMENT TARGET

Mass [
(MeV/c?) | MostLikely

ATqQqo unstable! oal wys§b
w wwith real (on -shell W)

A Interesting things to do here, but not a
lot of interactions to explore

Emission of W ©

| = —
: H Emission of W /
" Least Likely /

10,000 E

100,000

AbO ( Quar k) Flavor phy

AHeavy quarks bind in long -lived
mesons with many decay modes
andbmany effective operators to
probe

AWill focus on bottom and a little
bit of strange here

1000

100

10?

o
\‘(/ A
\ u« ADomain of nuclear physics
e

Z
A(Well, mostly! Pion decays and

1
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WHY FLAVOR FOR BSM?

- ‘ t/10
| “ " ’n. ; g [
L < m = - E
3 " |‘

A(%uestions of why we have
the pattern of masses and

mixings we have (flavor
problem) are deeply

connected to questions : L- -5 R F
about the Higgs mass and 2
self-coupling (hierarchy ° B Y P ohs
problems) +gf*

Aln fact, Yukawa couplings
are (from one point of view)
quite literally inseparable as
fermion loops contribute
strongly to the running of
the quadratic term!
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USING FLAVOR TO PROBE HIGH
SCALES

A Generic/agnostic approach to high scale

NP lies | ' ' .g.
es in effective field theories (e.g. SMEFT) @ ol N\
g1 £2
A Can always integrate out hi?h -scale >""<
renormalizable interactions to non - SM field
renormalizable contact interactions y‘
A Same procedure as compressing the W
couplingdownto "O at low scales g182 ><

A These operators exist even in the standard
model as you move around the

renormalization scale (thinking in Wilson 7| N
picture) ol - > § 1 M
A Key observation: these operators  are not ~ 10% a5 L X X =
independent of one another 105 msS £ .mli I | B
A Whether generated by SM or NP, = 10% - D
Eatterns and relationships are imposed T 105, o “-
y the UV physics being integrated out «» 107
102
; =
101: < ~
—~ o~ I~
100 S S SIS
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| GRATED THINKING
INTEGRATED THINKING

One interesting ABGC&USG we care
operator will show up about patterns , we

across many want to cast a wide
channels! net

AOur pathway to new
physics is not a
straight broad

JKO< ><TL t n) boulevard but 100
B b, T ”"W‘O<T o) Z—Tr(w) winding forest paths
i o(pp ) o ANot all may be

From G. Isidori at the ESPPU symposium ocl eano but
cleanest ones may
guide us to the

others
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s SOME GENERAL LESSONS

APathways to new physics in flavor are many, varied, and

exciting

Aé but t hhargl ar e
ASome trends wedll see in the fol
AAIll pathways lead through the SM and QCD

Avery few truly ocleand tests, c

APatterns are the key!
AAcross experiments
AAcross decays
AAcross techniques
Aé this is inescapably a communi
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EXPERIMENTAL CONSIDERATIONS




KEYS FOR FLAVOR MEASUREMENT

Momentum and mass resolution

CMS and LHCb (LHC run 1)

Calorimetery

c e T S
;h'“ T T T 12 | Belle Il Simulation o= —4— Data —j
Bedie Il 2018 Prellminary r C Signal and background 7
= 70000 -1 Data I —e—u —nm K b 50 B - wu i
T Flt ‘? 10 - + + + + 3 ) B - wu =
1G] J‘Lﬂh?_ﬂtl-l -_— b @ty T K 3 E 5 .
ol G0000 - Signal 5 + S L aH Combinatorial background :
= {2891.3 = 10.0 ) 107 cendidates g s 8r 0.6 <p<1.0GeVic g “F Semi-leptonic background m
a S0000 w={132.288 = 0.005 ) - P Ead{g rou nd :Z‘ 6 ; 1:'; ) IE — — Peaking background :
= < 30— =
o a={5.358 = 0.093 ) MaWi® § r - ]
m 40000F-E=012GeV ° 4 3 20 —
= o r £ F ]
i 30000 26 PN\ o :
0 r 5F \ Tmé—v:_ | - L I £ -—+— + o
20000 0 02 04 06 08 1 1.2 S TIPS S SRR L L . ]
E/p [1 fC] 5 5,200 - 5, 1\;\;6\// 600 5,800
10000 .
Charged hadron separation .
0 555 Vertex resolution
M,. (GeV/c® )
) K 104 Belle 1T
«10° ° . [Lar =728
f F =2 10
0 35001 Mo 137.2 S ' D
— = - 2 ata
2 L LHCb ow 12.94 3 .10 :
— 3000? m. 1354 8 r_.o_. 0 — Fit
e - ) > -
5 g N oo 893 § ks Background
2500 = 1
. 3
- =+
+ =
2000f- S 10°
r 5
N © 2
15001 10
PRI T SR S N S NS H S S NS R S N SRS 10
80 100 120 140 160 180 200
M,, (MeV/c?)
' 102 1 .
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Lepton Identification

Momentum (GeV/c)

0 2 4 6
Decay time [ps]
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Mt. Tsukuba _w;'ji'

Large Hadron

Collider

Damping
Ring

KEK Tsukuba
Campus
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—
FACILITIES FOR-BUARKS

Mass (MeV/c?) Y(5S)
10800— B _sThreshhold

___________________________________ S8 _____

Mt. Tsukuba (@] p ® YOQw =
@ @ 10600~  § ——§ BB Threshhold
- hy(3P) x,(3P)

\ / 10400~
m 10200} %2P) Y(D)
[ nyos) YY)

= AT = e ) l \ 10000~ —— (1)
- _ B¢ - i 9800 x]glp)
Damping . n
Ring N .
' - 9600 |~
KEK Tsukuba pmt| B AB [ sy
Campus 9400 —
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MACHINES FOR FLAVOR- BELLE 2

s o L e SN Long -term target: 50/ab

Scintillator + WLSF + MPPC Belle 1l Online luminosity Exp: 7-35 - All runs

p— (end-caps , inner 2 barrel layers) —_—
: ,,h (T 175 integrated Iuminosity - 600
S — mmm Recorded Weekly f

15.0 e [ LRacorded dt = 575.47 [fo™"]" / ----------

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

S~

electrons (7 GeV)

F 500

12.5 1

400

Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

10,0 e

F 300

Total integrated luminosity [fb=1]

Vertex Detector E
2 layers Si Pixels (DEPFET) + : / i ~5 L 200
4 layers Si double sided strip DSSD i '/ 5.0 1

I 100

Total integrated Weekly luminosity [fb~!]

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV) 7

0.0 -

/?2?//////

Updated on 2025/01/06 16:16 ST

A Asymmetric beam energies
A 66 nearly at rest in CM frame, boost into lab frame allows for time -dependent measurements

A Nearly 1 “solid angle coverage
A Excellent acceptance and efficiency
A Ability to do full event reconstruction
AQQ O (1t 66
A Reconstruct one 6, everything left should be the other  §!
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FACILITIES FOR-BUARKS

_ _ Q
g Q q Q g
g
g Q q Q g Q
(a) (b) ©
— Q
Q ~ Q
Q g
g Q g g
Q
g g g g g g

(d) (e) (f)

Underlying Events Underlying Events

Proton

Proton

Final—State

v
™
~

Radi .’z; ‘:’;'.w A/
4// Fragmentation Decay ¢
\ Figure adapted from
Valentina Zaccolo - LHCP2017 Eur.Phys.J. C62 (2009) 237-242
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pipi mu(1)

1ass: [1.878+/-0.008) GeV/c2 V

zcaylength: (8.699+/-1.029] mm

etime: [0.268+/-0.023] clau mm . o
aylength: [17.487+/-0.252) mm ;

!
nN
[6)]

- l.-C_’ L 2025 (13.6 TeV): 3.91 fb™"'
— - —2024(13.6 TeV): 9.56 fo"
i 2 og[. —2023(136Tev):0.37 o]
: @ [ —2022(136Tev):0.821fb
i o —2018 (13 TeV): 2.19 fb
. £ T —2017(13TeV): 1.71 fb”!
- = [ —2016 (13 TeV): 1.67 fbj
S5 45l —2015(13TeV):0.33 1y
3 a [ —2012(8TeV):2.08 fb
0 o] [ —2011(7TeV): 1.1 fb7)
i g L —2010 (7 TeV): 0.04 fb LS2
e 8f°r ) 2
T cl © /
' - L /
20 5
ol Ls1_ / %
gl -/
[0
S T~ 2§ oC v T ! ! ! ! ! !
&009 2011 2013 2015 2016 20@ 2020 2022 2024 2026
I
Year
A LHCb: messy production, but exploit clean B hadron decays

A Large boost of @rhadrons means macroscopic displacements with respect to PV
A Most backgrounds come from other 0 decays rather than underlying event

A Large datasets ( p T win acc. per A£A @ 13 TeV) allow for clean selections even
with low efficiency
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b-hadron

|
Ewent 2517840647 |

Ruan 125013 |
Thu, 09 Aug 2012 05:53:58

ot
= K -‘='_ e E_-
pp ‘ -
collision point

o
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CASE STUDY:
SEARCHING FOR NEW PHYSICS IN
w° i /b




—_ —
ELECTROWEAK PENGUIN DECAY S

AFlavor changing neutral current

Loop -dominated, electroweak  -driven --
very sensitive to fine details of EW
Interactions

ADilepton in final state & good for high -
efficiency triggering and selection

ARich phenomenology of differential
distributions

AHadronic (soft QCD) uncertainties
extremely challenging!

AGeneral lesson of these case studies
that we will see: no path to new
[)hysms without a strong handle on

he SM/QCD
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FULL DESCRIPTION OF THE DECA’

AA little (frightening  -looking)
phenomenology of 0 ©° v J/b/b:

APseudoscalar ( 0 1 ) decaying
to vector p and two spinors:

APhase space described by 3
angles and one energy scale

ALooks really Concljolicated,
DONOT WORRY ABOUT DETAI LS

AKey observation is that these L d@+h)_ 9
angular distributions are super AT+ D)/aa dgtah S b
sensitive to the details of this loop + §(1 = Fy)sin® O cos 20,
and WhO 1S 1N It — Fi, cos® O cos 26, + Ss sin” O sin? 6 cos 2¢

ABasically, NP effects that may
wash out when averaged over
phase space can be visible In + 4 App sin® 0 cos 6 + S7 sin 20 sin ¢ sin ¢
angles o sensitive to very subtle
effects
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ANATOMY OF U */b/b

S e T e

g 10°

------

10°

107

i

£ LHCb

A2d plot very instructive 000 L
' 0 5 10 15 20 25

ACan see some Processes g* unconstrained [GeV*/c4]
very clearly, as well as
odi ffused backgro
and signal process

ANote log color scale

10
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I T T T I

LHCb 8.4fb~!

" 6000

2 -
Ry —— BY & B? signal QO < B
% ------- Background S 5900 E. —
O Total SEPN
100 }  Dat O 5800 o LV
— i b Low-g” region 2 5700 m e Y o o
> 0 | P (0.1<g*<3.24)GeV?/c* E oy o ek
9 ______________ . h | f 5600 ._'....' o Dl -.'_.: :‘_:'-.
! 1 | 6 e
3 5500 -
=
& 5400 g
0.1 L S % :
5400 5600 5800 N 5300 §
m(K* utp~) [MeV/ic?] S 5200 ;‘_'-'_ 23 LHCD

A2d plot very instructive.

ACan see some processes
very clearly, as well as

Od i

ffusebod

and signal process
ANote log color scale

7 August 2025

Mol s £ S B .
1 = ‘-‘ : oXi = H o
5100 el 8 1
AL e o 3 TR 8 4fb
b, = :T i ‘AiI" < Q'.?-’f:,w ) *»:;;‘ g £ ._’-z‘

0 5 10 15 20 25
g? unconstrained [GeV?/c4]

backgrounds
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ANATOMY OF Tb/b

f- 3. ILH1CbI8.4Ifb_'T I_I UT I(, .I .[ | 6000 )
S - Backgroand 5900 " . .", 2
g 100 Total ; “ x 104
S i Y
é k. H {{;,1*::;?-:;24}6‘:\13&4 . 1 03
E:::) 1 102
01 S0 om0 10 O 0 S W
m(K* ™ p* ™) [ Meevre— § = LHCb 10
: : ‘, 84fbl
A2d plot very instructive. .
ACan see some Processes g? unconstrained [GeV?/c4]
very clearly, as well as § .
0di ffused backK{gr®unds
and signal process TREE! -
ANote log color scale o (f 4
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A

NATOMY OF 0*/b/bB"

i: - ILHTCbI8.4:fb"T _I BUT& Blf_, Si;b,na; "g' 6000 A
% ------- Background S 5900 4
100 b Dua 9 2800 0
- v { an-qiregion i E 5700 E
> 10 Yobi b (0.1<¢*<3.24)GeV?/c* — : 103
i;; “““““““““““““ iy { { , '3‘ 5600
= | +. 5500
s 1 3. )
O ks 5400 10
N B N +- E:
0.1 5400 5600 5800 g/ 5300 :
m(K* utp~) [MeV/ic?] s 5200 ) 10
i 100 g :
J/ ?ﬁy(ls) f'ﬁ".?:fi;‘l;«‘ e -20- S 1
g? unconstrained [GeV?/c4]
(;LQ

S ADifferent contact
operators contribute to

contributions from CC

above open charm

different and interfere In
different regions of 1
4 [m(p))? 2

—>q
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Tl orsant — 6000
% ------- Backgr:)und § 5900 4
2 100 T ol O 5800 7 10
S b Yy 017 e Gevet 2, 57005
2 10k ' d<q°<3.24)GeV-/e — et Tt 103
it; ----------- Sy f f : |3‘ 5600 renl UG £ gL
o ; O S i
= +§ 5500 E -
3 5 R e e b)
© Lo 5400 10
R N +-
0.1 5400 5600 5800 % 5300 :
m(K*7 p* ) [MeV/c?] ‘g 5200 § 10
5100 g | :
5000 By e e TEOE R o o 1
0 5 10 15 20

g? unconstrained [GeV?/c4]

e .
— s add E&M Mediated
05 e B =g LT bR P

interference Long distance 2
contributions from CC

above open charm Qg

threshold

(sLyubL)(fyﬂf) Vector Mediated

1672
2
e Pseudovector

4 [m(p)]? 9 QIO =@(SL7ybL)(€Fy 'J’Sf) Mediated

—>q
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TENSIONS

. . r . - .
Branching fractionsvs n Angular distributions
% 107* . _ IR | L L L
< uE lgee —F LHCH O | 0.57 n Baew [0 LHCb Run 1+ 2016
q E LHCb 3fb~! 4 Bablar'12 ' [7] SM from DHMV .
% 12} SM (LCSR+Lattice) &4+ a coren 04 0.5 -
<) 10; SM (LCSR) e
L o SM (Lattice) 2.0.34 0.3 o PRL 125 (2020) 011802
2 8H - =y :
X :% ¢ Iy w(25)+ E =02 0.2 =
SO —o 2] = 05 = 2 =
? N i =+ = 0.1 - ) 0.1 -+ 2+ S ++
::;z:_ i 0.0 , . -0.0 -1 e N e
SE— —= R 0 5 10 15, 20 , 0 5 10 15
c 0 i . 7 I[SGeVzlc‘l] dicev 0 O v ' ° ¢ [GeV/c']
CMS
6 § 15 L~ ATLAS JHEP10 (2018) 047 ]
—0 15X1_0 L - _ x10°® CMS 336fb (13 TeV) - —4— Belle PRL118 (2017) 111801
G U151 T L T e o] CMS PLB781 (2018) 517 |
E i HEP 11 (2026) 04:?1(:]3 E i :E:::Iso _f:_ %j_ —$— LHCb PRL125 (2020) 011802 _]
~ - = L FLAVIO N i
L o HEHJHEP 04 (2017) 142 (errafum) < o Eos t T |
< . i g —4$— Data 0: %-: ‘ 1‘ l | !
32 i ] © 0 p *° - T . ‘ !
3 ost L - b P TEE e
I —— 4+ 4y + C : ]
L —+— 2r + - -1 ]
I - J | ‘ N EH.|...|"‘\...|..‘m..|...|...|.u\.:
GO PR é PP l|0 P 1|5 NP 00 — '5 —— ‘10' — '15' — ‘20' - 0 o 4 6 8 10 12 142 18 1,82
- - 2 [GeV? e
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— o

Branching fractions vs n

—
TENSIONS

Angular distributions

] Belh‘l]g I—ﬂ5

R aenTanes . A )
Ml A Tcnsions, but do we really understand the

S SM+QCD enough to say they are

=  significant?

e ADo we understand our efficiencies

enough?

dB/dg? [¢*GeV?]

-1

|
.
s =

LHCbRun 1+ 2016 :
[ SM from DHMV

PRL 125 (2020) 011802

L ATLAS JHEP10 (2018) 047 ]|
—4— Belle PRL118 (2017) 111801
CMS PLB781 (2018) 517 i

~—+— LHCb PRL125 (20:

%

+ ﬁ_ii

()-

0 2

CMS-BPH22-005
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q? [GeV’]
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4 6

CMS-BPH
21-002

8 10 12 14 16 18
g2 (GeV?)
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A Think in terms of our effective operators*

AScal e 1:
all processes at scales we are integrating out.
Basically from * a&a © ° ¥

A New physics lives here!
AKeyfeature : expect tonbe

A Remember how these contact terms
getdefined! (1 0 ) U

A Long distance in a nutshell:
processes contributing near a

A Form factors, off -shell intermediate states,
loops

A same order as intermediate state masses,
nontrivial ) dependence

*For theory -attuned types, what | am handwaving at is the WET after mapping the SMEFT

7 August 2025 P.M. Hamilton - SSI 2025
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e S
oFI' T FOR EVE

ACan exploit this different n

dependence! e 00 oze) 0zc

106 F | 1 1 SLLLL LA B
AExample: LHCb unbinned 0| LHCD 8.4 )
analysis of complete allowed . _* Dm : ﬁ
n region == :
AFit for both local and >2000 Local ampludes ;
nonlocal amplitudes using ZisoH amplitues E
dispersion relationships S H | amplivades 4[]
o 100 Tk - Interference u :l
ADondt want t o bo 3 "} Sy
details, Just nod o e T |
everythingo I s a __
part of your equipment on the : R
I Ll L 4 | M PRI T B
pathway to NP 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

q° [GeV?/c*]
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AKey for us here, note

t hat the ol
(low energy SM+QCD)
effects can change the
spectrum a lot!

AHere not enough to
fully explain the data,

but | t O0S not
either!

O

>
e~

ACandt escape

7 August 2025

A Von )
A

OoFI'T FOR EVE

g JHEP 09 (2024) 026 ;
20{ E=E Total ﬂ | 0 = Total
-------- Local only E | I Total, SM WCs
S5 1 | S5 SM from GRvDV
= | =
o |\ LHCb84fb~t | o LHCb 8.4fh~! ‘_
S L0} | | = 101 \ L A
: : - -
n, ¥ N
0.0 ey 0.0+
0 2 4 6 g 10 12 14 16 18 0 2 4 6 g§ 10 12 14 16 18
q* [GeV?/c'] q* [GeV?/c']
1.5 . L15]
LHCb 8.4 b1 = Total A LHCb 8.4fb~1 e Total
101 Localonly [ 41, =N Total, SM WCs

1.04 |
SM from GRvDV
0.51

0.0

—0.57

—1.01

8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
¢ [GeV?/c']

¢* [GeV?/cf]
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EPJC 83, 648 (2023)

_______ B, = pp+ B — X ¢ Fit
B, = ¢pp Fit
— B — K{fTit
------- B - K*f Fit
=== Rgwd Qs Fit
——— b= sup Fit
—— (lobal Fit

ABCDMN23

23 -2 —1 0
cNF

Op

7 August 2025
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CONNECTIONS

ABut flavor Fbysics i
channel s, | Os a br
AOf coursewehave 60 0 * 60

v “ “ ! various charge

permutations, © © %o &

A But also! Operators for ®© i JH&n
drlve deviations in gther channels
zthe ultrarare o0 © °

Often these provide
complimentary constraints and
can allow for better precision or
discernment of NP

32



FUTURE

AA lot more can be said about these
various long distance effects and how
well we know the shapes and can
extract this

— 25
AUnfortunater, we are already at the £ | —20250136Tev): 3911
end of my expertise! > T2023136Tev) 037 1o /
_y _ P . D 20— 5075 (138 Tev): 0.87 Lg*‘
Aln my opinion: a story worth 2 TRt T
following! R e g
- B — 2012 (8 TeV): 2.08 fb:1
| B[RRI -
AOnethingl can say f or sur esw- -
a lot more data to play with soon! g t /
ALHCDb Upgrade is grodu_cin%_an 8 s y /
absolutely mind -boggling firehose of & - LS1
data *GEJ 0: jrd /| | | | | | |
AW”' take tlme and effort to I‘eaCh - 2009 2011 2013 2015 2016 2018 2020 2022 2024 2026

same level of understandin Year

0
essentially an entirely new 8etector!

7 August 2025 P.M. Hamilton - SSI 2025 33



GOING FURTHER

. . . Bellell . . K
AStepplng away from _rb mglves 80) [ £t = 3621 E ,r,;.H
many related modes which will be -

ever -more -important pathways to
new physics in the future

0 Bim, stat, um

Pull Candidates/(0.05 GeV)

A®O i T
A(bo i T T ;m n.]l [].Iz nli uf-| ur.ﬁ 0.6

5 , ‘e Eoxira [GeV]

o)

AGO i 1 é 102 SM Average PRD 109, 112006 (2024)
ABelle-1l will be extremely powerful o ;_._ L —

here, and is already flexing with a 14 e o, i

fraction of foreseen dataset a ;5;5( 503, i

i o R}(”(} T[T‘ (J% fle. inclusive)

AAIl give complimentary and —+r e
suppl ementary | ooks BN e giiff?u&sfjdmmf’) Jtiné
to find our pathway to new physics e AR senmleptonie]

_:,._ ﬁff’?f; 8(429]ri)b1 hadronic)
(l) IIIZ‘II4A I6IJI8I‘I10
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HOT TOPIC: LFU

Ok avy, maybe not such orareo f




‘
A In Standard Model (SM),

LEPTON FLAVOR UNIVERSALIT
charged lepton flavors are

identical copies of one - - - B
another € U ,T € ,u,7

A Electroweak couplings are Z W~
trivially equal for all three 27 8w
ElavorsYbykconstructllon, only
iggs Yukawa couplings _
difierentiate them et,ut, tt LFU U, U,, U

A Amplitudes for processes ’ couplings
involving ‘(t ht must all be
identical up to explicit mass

dependence (phase - - = -
spgce, fermio(rl? helicity) € ,h ,1T
A Tested in many systems 4
A @O Jbltw O, Jbfit © 8
Jb’ i © Jbty © “ Jhletc...
et,ut, "

A Universality of the EW
Interactions does not
necessarily imply
universality OR}i)hysms
beyond the S
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Energy 4

> 100 TeV =

Few TeV =

EW scale =

NP that “badly violates” flavor iy [

NP with small (universal) —
couplings to the light families

Low-energy imprint of flavour non-
universality in the Yukawa couplings

A possible multi-scale UV completion of the SM

Non-universality among
15t & 2™ generations

J

NP coupled mainly to the 3 generation
“stabilization” of the Higgs sector

— Ope /mposium (Venice, June 5) G. Isidori - Status and open questions in Flavour /Sics
Open Symposium (Venice, June 2025) G. Isidori - Status and open questions in Flavor ysic

7 August 2025
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WHY THINK ABOUT NONUNIVERSAL NP

APossibility that the
hierarchy in Yukawa

couPIings points to
multiple scales

A3 gen couplings
largest due to being
the nearest scale

ANatural place for
hierarchy problem
solution 1o live

A1sy2nd gen couplings
generated at much
much higher scales

AEvades high -PT
bounds easily
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Vo Y, 600 TT
Y(O )kl 6O’Ozj-b11_—b

o Theoretically clean due to cancellation of most of the form

factor uncertainty

ASM:'Y(O') T& v (D) HFLAV, Phys. Rev. D 107, 052008
Y(O) & w®  +web updates

ot ©Jb' |

ADirect normalization from identical (visible) final state
AMust disentangle from 6 © O * ’[infit

of 0 v v ()

AMore information from 1 vertex
AReliant on external measurements to get back R(D*)

0 Challenge: missing particles in final state means inclusive
analysis means lots of background (especially at LHCb)
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(DX) CHARGED CURRENT LFU RATIO

6 0O t'T
o0signal o

Obeta ddkeayo
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CANCELLATIONS AND NOT

ASchematically, you have like

o)
9:

N oy

R ’Q’]

A
A
d_,-b’gB”
Aooq

and the Dblue Integrands are equal at each N butthe helicity -
flip contributions are not and the phase space Is different

AReminder: helicity -flip ~ coupling of the longitudinal W to
the right-handed tau (story varies by gauge)
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—
BELLHI HADRONIC o

Figure from M. Rotondo, CKM2016

Reconstruct signal
AND other B

(g) meson in hadronic
decay mode
Missing energy

and momentum
vV 0 {

Calorimeter deposits

Belle Il Simulation Belle Il Simulation

not used in
reconstruction can
discriminate
correctly vs wrongly
reconstructed
events

sOZ [E)ll_
p )
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[GeV?/¢4]

»

2

miss
2
miss

' OO /B[ T
.

-2 -2 0
0 02040608 1 12 14 16 18 2 0 02040608 1 12141618 2
Eg [GeV]

Ec. [GeV]

PRD 110, 072020 (2024) v
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Signal nicely appears at high missing mass. Control of backgrounds in calorimeter and shapes
of backgrounds key in future!

7 August 2025 P.M. Hamilton - SSI 2025

41



