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SMEFT: a model-independent study

e Step 1: Use the Standard Model EFT
2499

dim-6 dim-6
LoverT = Lsm + C;O;°

o Step2--GConstrair-altthe-\Wilson-coefficientswith-all- the-observable

e Step 2: Make some assumptions to simplify the SMEFT, say oblique,
flavor universal, MFV, flavor diagonal, etc.

o Step 3: Choose relevant Wilson coefficients and relevant observables

e Step 4: Global fit (within assumptions) ! @
b q

e But wait... relevant to what? wwv



Relevant to the W mass, of course!

Onpwp | Hir'HW! Bw * W mass is one of the EWPO

Onn | )24 D, H|2 Measurement

= - Mw [GeV] | 80.413 £0.015
o) | (HYDLH) (I,r'#1,) Lw [GeV] 2.085 + 0.042
_ sin? 0.°P* (QRad)| 0.2324 + 0.0012

PPl = A, | 0.1465 £ 0.0033

7 T I'z [GeV 2.4955 + 0.0023

o Up2ilr) {1711 02[[nb]] 41.480 + 0.033

A 0.0171 % 0.0010

A, (SLD) | 0.1513 4 0.0021

» In SMEFT @ dim-6, W mass is corrected by Ry 0.21629 0.00066
R? 0.1721 + 0.0030

A 0.0996 + 0.0016

S - ; i A 0.0707 + 0.0035
s . (2 0(3) C”) Ay 0.923 + 0.020
myy, & 284 Cu _ Ae 0.670 £ 0.027
\L J — A, 0.895 + 0.091

BRw 5, |0.10860 £ 0.00090

S T sin? 9P (HC) |0.23143 + 0.00025

. 0.1660 + 0.0090




SMEFT analysis of EWPO

Impact of the recent measurements of the top-quark and W-boson masses on electroweak precision fits
J. de Blas (CAFPE, Granada and Granada U.), M. Pierini (CERN), L. Reina (Florida State U.), L. Silvestrini (INFN, Rome) (Apr 8, 2022)
e-Print: 2204.04204 [hep-ph]

pdf [= cite %) 71 citations

 There are 10 SMEFT operators
relevant to the EWPO U@i3),x U@3), X UB),x UB),xUQ3),

Only 8 linear combinations can
be constrained
Bpw = o 4, 5Cep, [ =1lq,¢,u,d
2 flat directions remain 2
¢® —c® + o,

oL 452 s




SMEFT analysis of EWPO

Result Correlation Matrix
(ICsmerFT /ICsMm = 31.8/80.2)

C)1-0.007 +0.011| 1.00

C'®1-0.042 £ 0.015/-0.68  1.00

Coe |—0.017 +£0.009| 0.48 0.04 1.00

C)1—0.018 +£0.044|—0.02 —0.06 —0.13  1.00

C8)1—0.113 £0.043|—0.03 0.04 —0.16 —0.37 1.00

Cou| 0.090+0.150| 0.06 —0.04 0.04 0.61 —0.77 1.00
Coa|—0.630 £0.250/—0.13 —0.05 —0.30 0.40 0.58 —0.04 1.00

Cu |—0.022 £0.028/—0.80 0.95 —0.10 —0.06 —0.01 —0.04 —0.05 1.00

* This would be the guide for model building: try to build models
consistent with these values

* But treating the EWPO in isolation is problematic



First-row CKM unitarity

AckMm = |Vual|2 N ‘Vus|2 e

* Vudand Vysare obtained from nuclear beta decay
and Kaon decays

 Requires detailed understanding of radiative

. VLIS
corrections

* \ery precise determinations are in tension with | ) e <
CKM unitarity 0221 i g
PDG 0.220 LSS ’?;;;;(?6?:::’2) _{' ‘ .

ACKM N, — (O 15 + ()()6) % 0.960 0.965 0.970 0.975

Vud



First-row CKM in SMEFT (with MFV)

Beta-decay implications for the W-boson mass
anomaly

Vincenzo Cirigliano,” Wouter Dekens,® Jordy de Vries,” Emanuele Mereghetti,? Tom
Tong*
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AckM = |Vud|2 = ‘Vus‘z =
2 X
. QF C(S) 0(3) 8 Céj)
\W_/
Ca

where Cl(;) is irrelevant to the EWPO and

does not play a role in the fit

We combine the relevant Wilson
coefficients into C,

Replace Cj; with C, and re-do the fit



Oops!

 From the re-fit, we obtain a large, %-level, deviation from
the first-row CKM unitarity

fit o _
A~ —(1£0.5)%

 Based on up-to-date predictions of 0t — 0 nuclear

beta-decays and Kaon decays, the PDG average
indicates that

APDG ~ — (0.15 £ 0.07) %

* A 2-sigma deviation per se, but much smaller than
indicated by the fit

* Refitting with CKM included shifts the values

 Would point to other models!

Result Result with CKM
¢4 | —0.007+£0.011 | —0.013 = 0.009
Cy) | —0.042+0.015 | —0.034 +0.014
Coe | —0.0174£0.009 | —0.021 % 0.009
CO) | —0.0181 £0.044 |  —0.048 £ 0.04
C¥) | —0.1144£0.043 | —0.041£0.015
2 e s
Coa | —0.626+0.248 | —0.38 +0.22
Ca | —0194+009 | —0.027+0.011
0.226
Vs

0.220 ‘
0.960 0.965

0+ — 0+(0.030%) |
Neutron (0.050%) ——

0.970 0.975

Vud



Let's include more high energy data

SMEFT Analysis of mwy
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EWPO + Diboson + Top + Higgs

More observables, more relevant
operators

Global-fit with 20 operators (flavor
universal)

Well, the same. Percent-level CKM
unitarity violation

Adding more high energy data does not
help!

The same if one uses flavor diagonal
assumptions (2204.05992, Zupan et al)



Model || Spin || SU(3) | SU(2) | U(1) || Parameters
S1 0 1 1 1 (Mg, Kkg)
) 5 1 3 0 (Ms:,)\s))
M1 5 1 3 -1 (Ms:, \s,)
N 5 1 1 0 (Mn, AN)
E y 1 1 -1 (Mg, \g)
B 1 1 1 0 (Mg, g5)
By 1 1 1 1 (Mg,, \g,)
= 0 1 3 0 (Mz,kz)
W 1 1 3 1 (Mw,,3%,)
W 1 1 3 0 (Mw,gi)

Mass limits (in TeV)

Model Cup |Cy|C S’} Cﬁ} Che | Cho Cru Ctu Cor
S1 -1
2 6 | 16 vi
5 A 13 &
N 1] 1
z = ;
B, 1 —3 —7 ) —9
b —2 : B e . S e T2 s N
= || -2(3) » (o) | (i) | (i) |0 (af2)
73— 3| & | & [ &
w ; —5 —Yr — Y — Y
Model || Pull || Best-fit mass I-0 mass 2-0 mass 1-o coupling?
(TeV) range (TeV) | range (TeV) range
Wi || 6.4 3.0 2.8, 3.6 2.6, 3.8] 0.09, 0.13]
B || 64 8.6 8.0,94] | [7.4,10.6] || [0.011, 0.016
= | 64 2.9 2.8, 3.1 2.7,32] | [0.011, 0.016
N 5.1 4.4 4.1,5.0 3.8,5.8 | [0.040, 0.060
B | 35 5.8 5.1, 6.8 46,85 | [0.022, 0.039

10

e These two models induce too
large CKM unitarity violation




Is it really W mass the perpetrator?

If not, then the global-fit should be in bad tension with
CKM even before the new CDF results

So, what was A -, before 20227

THE
We re-did the old EWPO fits PERPE1 MTURS

It was only iIn 0908.1754

And a similar value indicated by 2012.02779,
which is the old version of the 20-parameter fit

It seems that roughly about half of the deviation was CKM
already there, and the CDF W mass has doubled that.



0.02¢

2022 my update

No mw

2 parameter fit

4 parameter fit
+ SM

2
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e Fitting to the high energy data, there
exists an almost flat direction involving

CHD and Cll

e |t can only be lifted by the W mass

 The value of W mass largely dominates

the constraints on Cy;, and C;; along
this flat direction



The Flat i1s the Ugly

8 80385 + 5 YT S o
e Shank & n, B muw world avg. Grey ba.rs. Fitting results
gf(g) ggggg ig e+ e —— SMEFT no my to the high energy data
m - o4 AN .

CZ:/VB,CHD 80409 + 7 ——e——0- ek but without W mass
CHWB,C//3 80389 + 6 = o
CHWB,CH/ 80392 +6 == e
Chp,Cy 80412 + 8 o ‘%—|
Chp, C3,(.,3} 80410 + 8 — -]
Ci,C 80390 + 6 o o | |
B C, 80412 + 8 e —— ¢ Not even compatible with
Cruwa,CHp, CHI 80410 =8 ———10H "
Ciows C1.Cli G630 i ¢ | the real W mass at all, if
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Finally, CKM comes to the rescue

 They've heard us!

Hovmy, |

A ks is sensitive to ()

It can help lift the flat direction

And 2204.05260 is now V2
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Take a closer look

The old W mass has already
deviated from the CKIM and
the Z-pole

Corresponding to the 0.5%
tension before CDF

The new W mass drifted
further away

Worsening the tension into 1%




CHWB CHD C//
CrHwa,CHp, CH/
Crwa,Cu. C
Ctp,Ci,C}y)
Crws.Crp,Ci,.C5)
20- parameter fit

803855
80408 £ 7
80370 x4
80380 £ 5
80409 £ 7/
803856
80387 =6
80411 + 7/
80411 +7
80384 =5
80411 =7
80411 +7/
803906
80411 + 7/
80412 + 7

80300

All good?
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So it seems. The Flat
has been resolved

* Although some strong
tension still remains
between the High and
the Low



We may effectively decouple the CKM
from EWPO by a non-zero Cl(;)

Cl(;’) is constrained by 8 TeV pp — [/
data at the LHC

Could be tested by 13 TeV data

And also at the HL-LHC

e (TeV?)

-0.4

-0.2

Ca (TeV'Z)

0.0

0.2



SMEFT global-fits including only high
energy data will damage the CKIV
unitarity

Low energy data is important because
they can help lift some of the flat
directions

Model-independent global analyses can
sometimes be tricky and even deceptive

The operators are with the
observables in a highly non-trivial way




Question
T

ACS SYMPOSIUM SERIES 705

Developments in
Isolation and Characterization

EDITED BY
Cynthia J. Mussinan and Michael J. Morello

Choosing the "relevant” operators and observables
IS some Kind of art

In principle, one would like to include as many
observables as possible (and hence many more
operators), and still be able to make useful
statements about new physics

For example, what about the muon g — 2, and all
those flavor anomalies?

Question: In the next few years, can the community
find patterns in the global data, which may lead to
concrete predictions for the experiments to
explore?



