Probing flavour non-universality

at colliders

David Marzocca

N

The Flavour Path to New Physics - Zurich - 07/06/2025




Flavour Universality
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Flavour Universality
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The largest breaking is due to the top Yukawa y:~ 1:  U(3)5 — U3)3 X U)o X U(2)u

Other breaking terms are small and can be neglected it fermion mass effects,
Yukawa interactions, or CKM mixing give small contributions to the process in interest.
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Flavour Universality and New Physics

We know that the Standard Model must be extended at some high energy scale M.

f we are interested in physics at energies EE < M we can write the low-energy Lagrangian
as a series expanded in powers of 1/M: the Standard Model Effective Field Theory.
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Flavour Universality and New Physics

We know that the Standard Model must be extended at some high energy scale M.

f we are interested in physics at energies E < M we can wirite the low-energy Lagrangian
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Flavour Universality and New Physics

We know that the Standard Model must be extended at some high energy scale M.

f we are interested in physics at energies E < M we can wirite the low-energy Lagrangian

%ﬁlts as a series expanded in powers of 1/M: the Standard Model Effective Field Theory.
HM? [o{ ’6) ) .
/'\ C“ 0 in general violate all the
MEFT = Z [(psn] accidental symmetries of the SM
: N
12: SME N our case, deviations from Flavour Universality can be expected.
X Precision tests of this property of the SM could offer powertul prolbes of physics BSM.
" | define Flavour Universality as invariance under U(3)5  (or U(3)3 X U(2)o X U2)u )
",
Wq W The success depends on:

- how good of a symmetry of the SM 1t IS
- how precise (and at which energy) are the experimental tests




Quark Flavour Universality

Flavour universality in the quark sector, in practice, is never a good enough symmetry since:
- CKM mixing between light guarks is not negligible (sin ¢ ~ 0.2)

- at high-energy colliders, the PDF of a proton is flavour non-universal and light quark jet tagging not much
discriminating

- In low-energy flavour processes, CKM and quark mass effects are very relevant.

Indeed, having New Physics coupled non-universally to quarks is compatible and often preferred.
e.g. large couplings to heavy quarks and suppressed couplings to light ones to avoid LHC direct searches.
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VWhat Is much more S the terms:

Lower NP scales require some Flavour protection,
e.g. CKM-like suppression of flavour-violating interactions (MFV, U(2)3, partial compositeness,
etc..)



Quark Flavour Universality

We can then rephrase the question into whether New Physics follows:

MFV-like U(2)-like
LU, RUin Luca’s terms) LU, pRU, puRU in Luca’s terms)
HFV-Like 100 Jk) Lk 000

0 o 0o 1

Flavour constraints on off-diagonal terms are similar in the two cases (in minimally broken cases)
MFV-like has stronger bounds from collider, due to larger couplings to valence quarks in the proton.

S0, U(2)-like model allow to have an overall lower New Physics scale (see e.9. talk by Luca Vecchi).



Non-universal example: top-philic New Physics

Both experimental and theory arguments motivate having TeV-scale New Physics coupled mostly to the top quark.
le.g. review by Franceschini 2301.04407]



Non-universal example: top-philic New Physics

Both experimental and theory arguments motivate having TeV-scale New Physics coupled mostly to the top quark.
le.g. review by Franceschini 2301.0440/]

As an exercise, let us assume heavy NP couples
mostly to top quarks. \What scale are we probing
with direct and indirect probes”?’
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Non-universal example: top-philic New Physics

Both experimental and theory arguments motivate having TeV-scale New Physics coupled mostly to the top quark.
le.g. review by Franceschini 2301.0440/]

As an exercise, let us assume heavy NP couples
mostly to top quarks. \What scale are we probing

with direct and indirect probes”?’

0704.1482, 0802.1413, 1109.2357, 1408.07/92, 1909.13632, 2012.10450]
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the few TeV range.
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at tree level.
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Non-universal example: top-philic New Physics

Both experimental and theory arguments motivate having TeV-scale New Physics coupled mostly to the top quark.

-How direct bounds compare with indirect ones” Indirect are typically much stronger.

(Garosi, DM, Rodriguez-sanchez, Stanzione 2310.0004 7]
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Lepton Flavour Universality
U(3)L X U(3)e

Lepton Flavour Universality is a much more interesting property to test, since:

Lepton mixing vanishes (for massless neutrinos)
Lepton masses are often negligible w.r.t. the typical energy of the process me < E
Yukawa interactions are also often negligible. Ve < 1

—xperimentally is much easier to identify the flavour of charged leptons (e vs. u vs. 1)




Lepton Flavour Universality
U(3)L X U(3)e

Lepton Flavour Universality is a much more interesting property to test, since:

- Lepton mixing vanishes (for massless neutrinos)

- Lepton masses are often negligible w.r.t. the typical energy of the process me < E
- Yukawa interactions are also often negligible. Ve < 1

- Experimentally is much easier to identify the flavour of charged leptons (e vs. i vs. 1)

At low energy one can test it in:

- semi-leptonic hadron CC decays (K3, D£3, R(D®™), ...)
- semi-leptonic hadron NC decays (R, Rx*, ...)

- T decays (|ge/ge])

| will not discuss these in my talk, see first aay of the workshop.



Lepton Flavour Universality
U(3)L X U(3)e

Lepton Flavour Universality is a much more interesting property to test, since:

- Lepton mixing vanishes (for massless neutrinos)

- Lepton masses are often negligible w.r.t. the typical energy of the process me < E
- Yukawa interactions are also often negligible. Ve < 1

- Experimentally is much easier to identify the flavour of charged leptons (e vs. i vs. 1)
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At low energy one can test it in: At colliders we can probe it via: |
- semi-leptonic hadron CC decays (K£3, D£3, R(D®), ...) t _ Z and W leptonic decays
|
i

- semi-leptonic hadron NC decays (Rk, Rk, ...) - Higgs decays H — 0+ (-7 ,

_ oy | . . . ‘
T decays (|gr/ge|) - High energy dilepton tails “

_ |
| will not discuss these in my talk, see first day of the workshop. o ),



LFU Iin Z decays

_eptonic Z decays allow to test directly
Universality of gauge interactions with leptons.

Z 4

me < mz
QW‘“
Negligible kinematic effects due to lepton masses
(0.2% for tau)



LFU Iin Z decays

_eptonic Z decays allow to test directly LEP results (2005)

Jniversality of gauge interactions with leptons. -
I Cuw . BEZ=1707) ) 4009 + 0.0028

Q\ [ee B(Z — ete™)

I B(Z —

z B T: ) 1.0019 + 0.0032

mf << mZ Fee B(Z—>e € )
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JZ Lepton Flavour Universality in Z decays

tested at per-mille level
Negligible kinematic effects due to lepton masses

(0.2% for tau)



LFU Iin Z decays

_eptonic Z decays allow to test directly LEP results (2005)

Jniversality of gauge interactions with leptons. +,,—
. Paw _ BE=w707) 4 0009 + 0.0028

Q\ [ee B(Z — ete™)
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Q Lepton Flavour Universality in Z decays

tested at per-mille level
Negligible kinematic effects due to lepton masses

(0.2% for tau)
Parameter Average Correlations
gLy JLe ) gur Yre IRp IR~
Ly +0.5003+0.0012 1.00
JLe 0.26963+0.00030 0.52 1.00
| J[ ]c ﬁ J[ Z | , 9L —0.268940.0011 0.12 —-0.11 1.00
N erms OF eleClive COUDIHQS. Q1.+ 0.26930+0.00058 0.22 0.07  0.07 1.00
ORe +0.2314840.00029 0.37 0.29 —0.07 0.01 1.00
Iy +0.2323+0.0013 | —=0.06 -0.06 090 -0.03 -0.09 1.00
IR+ +0.23274+£0.00062 || —0.17 0.04 —-0.04 0.44 —-0.03 0.04 1.00
g = oo (T3 — Qrsin® 0y po =1 (includes also asymmetries)
IR = —/po Qrsin” O3,



LFU Iin Z decays

This vertex recelves tree-level contribution from the operators:

Implications for New Physics
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LFU Iin Z decays

This vertex recelves tree-level contribution from the operators:

Implications for New Physics
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LFU Iin Z decays

This vertex recelves tree-level contribution from the operators:

2 4 %(H+EH)(QKfQ) D=6 L, S%B:*jz’/i\%
)
Q‘f“

per-mille precision écAz ¢ 16 -3 implies

Implications for New Physics
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Given the high precision, it can also be sensitive to loop contributions.
—or iInstance top-lepton semileptonic operators:
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¢ 2 This is a very well known bound in the context of models addressing R({D)
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LFU iIn W decays

LFU can also be tested in leptonic VW decays.
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LFU iIn W decays

LFU can also be tested in leptonic VW decays.

The most stringent constraints now come from ATLAS

I || 1 I I I | I 1 1 1 I I | | i 1 I ] I |
ATLAS [2403.02133] ' 3
ATLAS [2007.14040] —=— LEP (ref. ")
LEP2 : o _ 1 ATLAS - this result
©e =W, Vs=163-207 Gev 5 vs=13TeV, 139 fo~ Statistical uncertainty
ATLAS — . :
op—W, ys=7 TeV, 4.6 fb~ o ¢ : SYStGmHtIC uncertainty
LHCb . N —e— Total uncertainty
pp—W, ys=8 TeV, 2 fb’ : ‘
CMS . ——
op—tt, ys=13 TeV, 36 b’ : ;
PDG average '—"—' -
ATLAS (this result) ._.:~§-,_. ;
pp—>tf, V§:13 TeV, 140 fb.1 _: Lo AT S N SN N N N B AN RN TR NN TR SRR TR NN S N M
1 1 1 l 1 1 | I 1 1 1 I 1 | | I 1 1 1 I |
0.92 0.94 0'96 0.98 1 1 .02 0-98 1 -00 1 -02 1 -04 1 -06 1 -08 1 .1 0
B(W —>puv)/B(W—>ev) R(z/u) = B(W—-w)/B(W- )

RE/¢ = 0.9995 + 0.0045

R(t/p) = 0.992 + 0.013
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) LFU In W decays

LFU can also be tested in leptonic VW decays.
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The most stringent constraints now come from ATLAS

L L S B * few per-mille in u/e

: ATLAS [2007.14040 o i
LEP2 : - MLAS | 1] ATLAS — this result percent in 7/u
o e WW, ¥5=180-207 GeV 5 Vs=13TeV, 139 fb Statistical uncertainty
ATLAS L . . :
pp—=W, ys=7 TeV, 4.6 fb~ o o : Systematic uncertainty

LHCb : R —&— [otal uncertainty H"’ é-B—sq H ) T /.A o
pp—W, ys=8 TeV, 2 fb” 5 L K G/ L
CMS . - '-I—.ﬁ-l ’/
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e, L N RV
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B(W—pv)/B(W—ev) R(z/u) = B(W—- )/ B(W-w) W/ T
ple _ _ /\ 2 1.721¢ \/
R/ = 0.9995 + 0.0045 R(z/p) = 0.992 =+ 0.013 ol = T
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LFU in Higgs decays

A

Higgs — 4 fermion decays can in principle test
deviations from LFU due to contact interactions.

£4
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LFU in Higgs decays

Higgs — 4 fermion decays can in principle test
deviations from LFU due to contact interactions.

1412.60338, 1504.04018, 1808.00965, ...

They can be constrained by measuring the different
dilepton invariant mass dependence »ias 170800810,

<Assuming LFU>
x 0.8 o

EOATLAS |l
- H—-27" =4 —— 95% CL Obs R
0.6 13 TeV, 36.1 1" * SM 17
- e 95% CL Exp il
! -6
0.4 .
: 4
0.2~ a
: -3
O 2
: 1
-0.2- N
l | l 0

12



0.4]

0.2}

[ [1808.00965] 13 TeV, 100 b~ |

" vector couplings
.fﬂO%

- Expected 68% and 85% CLs

-04 -0.2 0.0 0.2 04

eZeL — €Ze R

LFU in Higgs decays

0.0} .

—0.2} axial couplings
i~@w%
' Expected 68% and 95% CLs

' [1808.00965] 13 TeV, 100" -

-04 -0.2 0.0 0.2 04

EZeL - GZCR

Higgs — 4 fermion decays can in principle test

deviations from LFU due to contact interactions.
1412.00338, 1504.04018, 1808.00905, ...

They can be constrained by measuring the different
dilepton invariant mass dependence »ias 170800810,

<Assum|ng I_FU>

« 0.81 -
“ ATLAS ] s =
- H—-27" =4 —— 95% CL Obs R
0.6 13 TeV, 36.1 1" * SM 17
- e 95% CL Exp il
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0 1,
: 1
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LFU in Higgs decays

--------------------

[1 808.00965] 13 TeV, 100fb™"

.' vector couplings
[ ~10%

Expected 68% and 95% ClL¢

....................

----------------------

0.0} .

‘0-2} axial couplings
i~@w%

| Expected 68% and 95% CLs

-04 -0.2 0.0 0.2 04

GZeL - €Ze R

' [1808.00965] 13 TeV, 100" -

-04 -0.2 0.0 0.2 04

€7e; = —€Zep

Higgs — 4 fermion decays can in principle test
deviations from LFU due to contact interactions.

They can be constrained by measuring the different
dilepton invariant mass dependence

In the SMEFT, deviations from LFU can only be induceo
(at tree level) by the same operator appearing In Z decays

(15 vl (21
riiag)

WMy ¢ 7
lgzﬂ— gze{: ‘IF_ LJ(a/} ) J%ex

S0, given the much lower precision attainable in Higgs decays,
no deviations from LFU are expected (assuming SMEFT).
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High-Energy dilepton tails

Q The production of lepton pairs at high-energy
colliders is mediated by gauge interactions:
Flavour Universal in the SM

*—
JZ ool(pp — et e)sm = Odpp — U W)sm = Godpp — T T )sm
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High-Energy dilepton tails

1 7Y Q The production of lepton pairs at high-energy
/ colliders s mediated by gauge interactions.
Flavour Universal in the SM

.1,—-
Q Tiolpp — et e)sm = ol pp — U W)sm = Godpp — TN T )sm

Q|

- New Physics can affect different flavours in different way, violating LFU.
7 )(Z N the EFT approach we could have contributions from semileptonic
operators of different lepton flavours:

[ ﬁ )t ﬁrﬁ)(ﬁw PL,RQJ

~Q |
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High-Energy dilepton tails

1 2 Y Q The production of lepton pairs at high-energy
/ colliders i1s mediated by gauge interactions.
Flavour Universal in the SM
N
;7‘ JZ Tiolpp — et e)sm = ol pp — U W)sm = Godpp — TN T )sm

- New Physics can affect different flavours in different way, violating LFU.
7 )(Z N the EFT approach we could have contributions from semileptonic

operators of different lepton flavours:

t g ) Y/ |
§ /Q (Cf )r‘ﬁrﬁ)(Q?f PL,RQJ

Muons and electrons have similar analysis workflows (although different reconstructions), so can be

compared more directly.
Taus decay inside the detector and the resulting neutrinos affect thelir reconstruction & backgrounds.

They are studied separately from other leptons.

13



dv

I

dC

High-Energy dilepton tails

1 2 Y /a T \/><Q\
>M< [ % [he effect of heavy New Physics grows with the energy
; | |

”B | |

Jntil the scale of new states is reached.
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dC

High-Energy dilepton tails

| W[ 7><Q\
27_ /Q'f' § ylf’
N ,

T = l
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ne effect of heavy New Physics grows with the energy

Ntil the scale of new states Is reached.
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High-Energy dilepton tails

C{ f A1 Q\ 7 ><
>W< [ % The effect of heavy New Physics grows with the energy

dv until the scale of new states is reached.
mew < £ < Mnp “FT enhancement
N high-pT tails
r4 C Ez
sM ' Can G
=+ 5 A4 S
J Hue %SH NP

Less precise measurements at high
energy can be competitive with
very precise ones at low energy.

Expected reach:

p~2TeV
AtLHC:  Otail S107H —— A =6 TeV

[Farina, Panico, Pappadopulo, Ruderman, Torre, Wulzer 1609.08157, etc..]
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LHC as a “Flavor collider”

sy | The differential cross section is approximately
i 1. EQVJ JV )C' / 28 /S\ : Jg\z\
L 4 N ~
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LHC as a “Flavor collider”

Wy | The differential cross section Is approximately

T3 Y A ( < I <P
N ) - Lo 1) Sl S v & v e S
q ,///\ 9 | AS( ) i‘m)‘lg) SHl )( Cﬁm L) ) HZ ‘ ) HZ /

Let us estimate the reach of high-pr tails

Relative deviation in a bin, due to EFT 0.500 —————

(assuming quadratic terms are dominant)

0 1000 1500 2000 2500 3000

Qi \ﬁ (GeV]



LHC as a “Flavor collider”
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Di-lepton tails at LHC
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Limits on flavor-conserving operators, recasting ATLAS 13TeV analysis:

[Greljo, D.M. 1704.09015]
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Events

Di-lepton tails at LHC

) Operators interfering with SM:

£SMLFT - ,02 OZ (O](ql))m — (lar}'pla)(‘jif)'uqi) (05?)&1 — (la")’pgala)(qiwﬂaaqi)
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Limits on flavor-conserving operators, recasting ATLAS 13TeV analysis: [Greljo, D.M. 1704.09015]

' | S | o C; ATLAS 36.1 fb~! 3000 fb—! Ci ATLAS 36.1 fb~! 3000 fb~!

ATLAS Preliminary ¢ Data 1 o - -
(s =13 TeV, 36.1 fb" Z/v* Cé)l)Ll [-0.0, 1.75] x107? [-1.01, 1.13] x10~* Coipp | [-573,142]1 x107* | [-1.30, 1.51] x10~*
Dielectron Search Selection E?gogg‘r?rks By | 18.92,-0.54] x107# | [:3.99,3.93] x10° Co)lo | 171,284 X104 | [-5.25,5.25] x10°°
Multi-Jet & W+Jets = Coort | [-0.19,1.92] x107° | [-1.56,1.92] x107* C,r2 | [-0.84,1.61] x107> | [-2.00,2.66] x10~*
—Z, (3TeV) _; Cuper [0.15,2.06] x 1073 [-7.89, 8.23] x107> Cupug | [-0.52,1.36] x107> | [-1.04,1.08] x10~*
= et S Corvr | 1040, 1371 %1073 | [-1.8,2.85] x 10~ Corpe | 1:082,1.27] x1073 | [-225,4.10] x10~*
= x = Cyor [-2.1, 1.04] x 1077 [-7.59, 4.23] x10~* Coerz | [-2.13,1.61] x107° | [-8.98,5.11] x10~*
L — Ciren | [-2.55,0.46] x1073 | [-3.37,2.59] x10~* Cappr | [-2.31,1.34] x107° | [-4.89,3.33] x10~*
= = Coopt | 1:6.62,4.36] x1073 | [331,1.92] 1073 Clipp | [-884,7.351x1073 | [-3.83,2.39] x10°3
E E Coli | 1-8.24,2.051 x1073 | [-8.87,7.90] x10~* Colp | 1:975,5.56] x1073 | [-143,1.15] x1073
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n ] C,1! [-7.4,5.9] x1073 [-3.96, 2.8] x1073 Cyr2 | [-1.04,093] x107* | [-4.42,3.33] X107
= = Cower | [-8.17,5.06] x1073 | [-3.82,2.13] x1073 Copur | [-1.09,0.87] x107% | [-4.67,2.73] x107°
=" [ATLAS- CONF-2017-027] = o [-0.83, 1.13] x1072 | [-3.74,5.77] x1073 Courz | [F1.33,1.52] x1072 | [-4.58,6.54] X107
=00 560 300 STy = Coren | [:0.67,127] x102 | [-2.59,4.17] x 103 Copur | [[121,1.62] x1072 | [-3.48,6.32] x1073
Dielectron Invariant Mass [GeV] Cpui | [-193,1.19] x1072 | [-8.62,4.82] x10°3 Cpr2 | [-261,2.07] x107% | [-11.1,6.33] x1077

Cprer | [-1.47,1.67] x1072 | [-7.29,8.99] x1073 Cope | [-228,242] x107% | [-8.53,10.0] x1077

Cpori | [-1.65,1.49] x1072 | [-8.86,7.48] x 103 Cperz | [-241,2.291 1072 | [-9.90,8.68] x107

Corer | [-1.73,1.40] 102 | [-9.38,6.63] x 103 Coup | [-247,2.23] x1072 | [-10.5,7.97] x107°
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Limits on flavor-conserving operators, recasting ATLAS 13TeV analysis: [Greljo, D.M. 1704.09015]
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BT 500 300 10002000 + Ceper | [:0.67,1.27] x1072 13.48,6.32] 1073
Dielectron Invariant Mass [GeV] Gy | [-1.93,1.19] x1072 JI-11.1,6.33] <107

# [-8.53,10.0] x1073
[-9.90, 8.68] x10~3
[-10.5,7.97] x1073

Cpren | [-1.47,1.67] x1072 N
Cport | [-1.65,1.49] x1072 [8 86, 7.48] x 103
Cprer | [-1.73,1.40] x1072 | [-9.38,6.63] x1073 Chrug
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Di-lepton tails at LHC

More recent developments

Greljo, Salko, Smolkovic, Stangl 2212.10497]

mplemented analyses with NC and CC channels with muons and electrons

and ~140 b1 of luminosity. All relevant SMEFT operators included.

[Allwicher, Faroughy, Jaffredo, Sumensary, Wilsch 2207.10714, 2207.107506]
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LFU in High-Energy dilepton tails

[0 test directly deviations from LFU we can detine the differential LFU ratio:

dG QCD and EW corrections are flavour universal.
/ c such ratios will reduce theory uncertainties in the SM
dmyy prediction (including pdf).

dOpuy

Ryt sete (M) =

dmyy



LFU in High-Energy dilepton tails

[0 test directly deviations from LFU we can detine the differential LFU ratio:

dG QCD and EW corrections are flavour universal.
/ c such ratios will reduce theory uncertainties in the SM
dmyy prediction (including pdf).
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LFU in High-Energy dilepton tails

[0 test directly deviations from LFU we can detine the differential LFU ratio:

QCD and EW corrections are flavour universal.

R utu—ete (myy) = / such ratios will reduce theory uncertainties in the SIM
dmyp ~ dmyy prediction (including pdf).
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LFU in High-Energy dilepton tails

[0 test directly deviations from LFU we can detine the differential LFU ratio:

QCD and EW corrections are flavour universal.

R utu—ete (myy) = / such ratios will reduce theory uncertainties in the SM
dmyp ~ dmyy prediction (including pdf).
dor (pp = 1% 07) | do- (pp = €*e-) . 59 = (13 TeV)? 2 | 13717 (13 ITeIV,Iee) + 140 fb” (13 TeV, up)
13— LA I ] o CMS [2103.02708]
[ (4 TeV) “ (027" 02)(L2Yal2) Z Q i - 7
e 150 -
| 3 _ _ ] o combined
AR ETeV 2070l 1 o | i
v | —1 =
T - ' o =
l3\ 10—‘ - Y
X, 95 sM- ~40 at face value.
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LFU In dilepton forward-backward asymm.

Allow reduced systematic uncertainties related to the reconstruction and identification of high-momentum leptons.

. V.o cosd >0 A _ Ur —UB
\8 FB —
[7@: cosd <O UF 1 UB
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Arg

Comb./SM

LFU In dilepton forward-backward asymm.

Allow reduced systematic uncertainties related to the reconstruction and identification of high-momentum leptons.
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The deviation In the
iNclusive measurement Is
~2.40.

Seems mostly due to low
energy bins.
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di-tau and mono-tau tails

[Faroughy, Greljo, Kamenik 1609.07138; Greljo et al. 1811.0/920; DM, Min, Son 2008.07541; Allwicher et al. 2207.10714]
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laus present more experimental challenges in
regards to thelr reconstruction and backgrounds.

This implies slightly larger uncertainties and

therefore somewhat weaker constraints on New
Physics.
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[<too many papers to cite them all> + Allwicher, Faroughy, Jaffredo, Sumensary, Wilsch 2207.10/714]

Electroweak measurements (mainly Z — tx, vv) and high-pT di-tau tails
put strong constraints on models addressing the LFU violation in charged-current B decays.

B(B — D(*)TL/)

B(B — D™){v)

tc{e u}
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Conclusions

Flavour Universality is an accidental property of SM gauge interactions.

N the quark sector itis broken at O(1) by the top Yukawa and Capibbo angle,
also broken in the initial states by PDEs of a proton or hadron flavours.

Rather than testing "universality” in the guark sector it Is pernaps more interesting to test whether
New Physics follows MEFV-like or U(2)-like structures (second one favoured for TeV New Physics).

Lepton Flavour Universality is a much better symmetry and it is precisely tested at high energy by:
- Z and W leptonic decays (per-mille level): few TeV bounds on Higgs-lepton current operators.

- high-pT dilepton tails: multi-TeV bounds on semileptonic operators with all guark combinations.
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Conclusions

Flavour Universality is an accidental property of SM gauge interactions.

N the quark sector itis broken at O(1) by the top Yukawa and Capibbo angle,
also broken in the initial states by PDEs of a proton or hadron flavours.

Rather than testing "universality” in the guark sector it Is pernaps more interesting to test whether
New Physics follows MEFV-like or U(2)-like structures (second one favoured for TeV New Physics).

Lepton Flavour Universality is a much better symmetry and it is precisely tested at high energy by:
- Z and W leptonic decays (per-mille level): few TeV bounds on Higgs-lepton current operators.

- high-pT dilepton tails: multi-TeV bounds on semileptonic operators with all guark combinations.

Thank you!
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Non-universal example: top-philic New Physics

One-parameter fits from our global analysis of indirect constraints on top quark operators.
N the third column we report the observable giving the dominant constraint in each case.

Wilson | Global fit [TeV 4] | Dominant Wilson | Global fit [TeV=2] = Dominant Wilson | Global fit [TeV™2] | Dominant
Cia) | (-19£23)x107% |  AM, it | (24 43.5) x 1073 Ry o (5.0+£81)x 1072  AgZcy
Cia) | (=20£1.0) x 107" | B, — pp C};)’Z?‘ (—4.0 £3.4) x 103 Rk c22 (484+21)x 101 AgZeys
chl | (13+10)x10°1 | AM, CiP | (T2x44)x 107 g /g C3 | (—23+25)x 1071 AgZes
Cw | (~17+44)x107 | AM, ciMt | (109+£7.6)x 1072 | RY, Cobtt 1 (0441.0)x 1072 (g 2).
Cuw | (=3.0£17)x107" | 8975, Cl, "% | (-60£7.0)x 1072 | RV, T2 | (18£1.8) x 1072 Copao

+ - v(—), v —
Ci) | (187+£88)x 103 | By — pup L (-1.8£1.0)x 1071 | Ry, CCLn | (B0£9.1)x 1072 Copag
Cy) | (5.8+45) x 1072 | dgZe, O | (-LT£T7.0) x - d97 Ciltt | (—0.6£15)x 1073 (g —2).
Cru | (-4.3£23)x1072 | dg7¢, Ci2 | (-13+18)x 107" | 6g7%,, R C2% | (-193+81) x 1075 (g-2),
Cup | (-0.6£2.0)x1072 | ¢, C3 (0.5 +£2.4) x 1071 | AgZe, CP | (-7.0£78) x 107" Censs
Cug | (=0.1£2.0) x 107 Cgg | Cll | (-0.7£3.9) x 107 Ry
Cur | (=0.3£52)x1071 | Cyuyas Cr (12.1+£9.2) x 107° | By — uu
Cuw | (—0.14+3.1) x 1072 Copr C (2.2 +2.4) x 1071 095533




EFT validity

dv
kT N
T err | oser-sercunint By our EFT measurements we can only access the
e RANGC - -
—— combination c¢i/M2np,
o SH | , .
; — 10 assess the validity of the EFT an input from a specific
| % JV-completion Is needed, for example the size of the
“ T NP couplings (ci).
o c N ;
G T |
Any experimental Imit in the & ¢ N S
approach will be on the combination NRTE L Limit consistent
. r | C '2-4’,7 with EF T
2
v — < prec. e
! - Sy A
™ ~ e

This region is possibly excluded by same
search, but a ‘direct search’ approach should
be used with the specific model. o6



Quadratic vs. Linear fit

he EFT expansion is valid only If HZ
<
the energy scale the experiment is below the NP mass scale > < VP

What about dim-8 interference w.r.t |dim-6|2 terms?

(6) , (
C 'T - ||,-" A"u_ ' —I? “\/ lf—" | I"] ,."'l C ) — s "\ 2 P A |
take e.q. iG e © 12 ';L M, ( p | A, l{! II. AN d, | + ‘1 M ”]}{{'['M M, | ) | ol 1 A ) “
NP - ) | e
€) (%) 2
p " c*® ¢ c| S
et gglas & 5, 2 \
. I Hip  Iom | Hip
AT ) B ¢ ¢ &
c < )] ct | s
= Uauls) 142 < 2 ’L(q }‘F t2 -t?" oo
u Dsu Myp Ysu ' 'wP Usw \' vf |

(€
The dim-8 interference is necessarily smaller than dim-6 interference if (’m £ C )
: . . ( ¢ 2
since € « Hf,', . For a single mediator ( d = C”~ %NP

[See discussion in Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez 2003.12421]
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“At very high masses, the statistical
uncertainties are large. Here, some
deviations from unity are observed, caused
by the slight excess 1n the dielectron channel
discussed above. A y2 test for the mass range
above 400 GeV 1s performed.

The resulting y2/dof values are 11.2/7 for the

events with two barrel
those with at least one

leptons, 9.4/7 for
lepton 1n the endcaps,

and 17.9/7 for the combined distribution.
These correspond to one-sided p-values of

0.130 and 0.225, and 0.012, respectively.”

The dimuon and dielectron invariant mass spectra are corrected for the detector effects and, for
the first time in this kind of analysis, compared at the TeV scale. No significant deviation from
lepton flavor universality is observed. [CMS 2103.02708]



