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Abstract for the impatient

 SMEFT global-fits including only high
energy data will cause percent-level
damage to the first-row CKIVI unitarity

* Low energy data can help by lifting
some of the flat directions. It is
important to include them in the

global analyses
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“THAT'S THE END OF MY PQESENTATION. ANY QUESTIONS?" ° Very Often, -the more Observables yOU
iInclude, the more operators are

Tl\mlttf ‘l[l)\/ Wh ﬁcl\?’\?/ ﬂ relevant. ) accepted?



Visualizing a key step in
cytokine signaling pp.139&163

Silk-wrapped food wins
Bll & Science Prize p.146

Shots to prevent cancer show
early promise p.126
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W boson mass (MeV/c?)

SM
DO | 80478 + 83 —
CDF | 80432 + 79 —
DELPHI 80336 + 67 —_——
L3 80270 £ 55 ————
OPAL 80415 + 52 —
ALEPH 80440 + 51 —
DO I 80376 * 23 —0—
ATLAS 80370 £ 19 ——
CDF I 80433 + 9 @
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HEAVYWEIGHT

W boson mass measures higher than expected pp.125,136,&170



Whenever a new ambulance In town

/ i,'r* = DY ﬁ * [t's somebody's job to chase it

\in = Y,

AMBULANce AMBULANce
AMBULANCQ Cl-lASeR CHASeR-CHASeR

"’/ \ ‘%‘3,_1 4= "« What do people usually do?

o Basically, in two ways

Chasing the ambulance-chasers



Good ol' way to explain an anomaly

» Step 1: Pick up a model you like, e.qg.
scalar triplet, 2HDM, yada yada

o Step 2: Calculate relevant observables it
predicts (the tedious part...)

o Step 3: Compare them with the
experiments including the new W mass

o Step 4: If it works, then add it to your
paper, else discard it

LEGO Master Model Builder

Step 5: Go to Step 1



Model-independent way

e Step 1: Use the Standard Model EFT

dim-6 dim-6
Loyvmrr = LsMm + E O ee
;

SM fields
BSM fields

>____k
>—<

Effective Operators
Egyp < A >< N

An

A vehicle for interpreting
LHC data in the post-
Higgs era, as some
would like to call it




Model-independent way

e Step 1: Use the Standard Model EFT

Lorrr = Lom + ) O™

1
« Step 2: Constrain all the Wilson coefficients with all the observables

LHC data in the post-

> < Higgs era, as some

] would like to call it

Effective Operators
Egyp < A >‘< N

An

Energy

SM fields

A ~ BSM fields

A vehicle for interpreting




Model-independent way

e Step 1: Use the Standard Model EFT
2491

Lorrr = Lom + ) O™
1
o Step2-Constrainall-the- W,

Energy

SM fields
» BSM fields

A vehicle for interpreting
LHC data in the post-
Higgs era, as some
would like to call it

Effective Operators
Egyp < A >‘< N

An




Model-independent, but a little bit tricky way

e Step 1: Use the Standard Model EFT
2499

dim-6 dim-6
LoverT = Lsm + C;O;°

o Step2--GConstrain-allthe-\Wilson-coefficients-with-all- the-observable

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

o Step 3: Choose relevant Wilson coefficients and relevant observables

o Step 4: Global fit (with those assumptions)



Model-independent, but a little bit tricky way

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, etc

o Step 3: Choose relevant Wilson coefficients and relevant observables

e Step 4: Global fit (with those assumptions) §I>
B 8y

e But wait... relevant to what? wwv



Relevant to the W mass

e W mass is one of the EWPO

Measurement
Mw [GeV] 80.413 £+ 0.015
;StarTalk ['w [GeV] 2.085 £+ 0.042
| , sin? 0P (QRad)| 0.2324 + 0.0012
' PP = A, 0.1465 + 0.0033
'z [GeV] 2.4955 + 0.0023
o} [nb] 41.480 4 0.033
R} 20.767 4+ 0.025
A 0.0171 £ 0.0010
A, (SLD) | 0.1513 +0.0021
Ry 0.21629 + 0.00066
RY 0.1721 + 0.0030
4 0.0996 + 0.0016
0,c B
OF... OF COURSE! e
A 0.670 + 0.027
A 0.895 + 0.091
BRw _e5, |0.10860 % 0.00090
sin? 0.°P* (HC) [0.23143 # 0.00025
i 0.1660 + 0.0090




Relevant to the W mass

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) Cu) Ay 0.923 + 0.020
myy, s ¢ | 28y 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

I 0.1660 + 0.0090




Obligue/Universal corrections

|Barbier:il?’ilinz;rzl-(;::g,z:if{SLtr(LSr,nigaé:e(pl?pghole05040 “Universal theories”
Vells-Zhang, 1310.08462 - B e New physics couples to SM bosons, and /
T o or to SM fermions through SM currents
° Un|Versa| new phyS|CS N N, * Consistent framework to analyze EW
S W precision tests (oblique corrections, etc)
\ e Evade flavor constraints (Minimal Flavor
5712%‘- o SwCw |4 Cw Violation is automatic), scale can be low
—— =0 ——— |2CywB + 57— CHup -
miy 8< — CZ, J 28, J | New Heavy quark
( — 4'_,.:
S T 05+ all 68, 90, 994 CL (2: dof)
- @M [GeV] | ‘
- .asymmetries 9 _
| | T - Bz [GeV |
Model |Pred. Mw [GeV| Pull | N
0 S 0k
standard average s
SM | 80.3499 4+ 0.0056 6.5¢0 23
ST | 80.366+0.029 160 |
0.5 0 0.5 —4-.AX-274-7'----:--------
S -4 -2 0 2 4

1000 S

Quite a few papers did this



Beyond Oblique: SMEFT analysis of EWPO

 There are 10 SMEFT operators
relevant to the EWPO

* Only 8 linear combinations can
be constrained

e 2 flat directions remain

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

U(3)q X U@B3),XU@3),xU®3),xUQ),

2
Cow

L )
Cos =Cof CoD

452 5



Beyond Oblique: SMEFT analysis of EWPO

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

C'Y1-0.007 +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

 The preferred best-fit is rather different than just S and T
* Interpretation of data? Guide for model building?

* Try to build models consistent with these values



Beyond Oblique: SMEFT analysis of EWPO

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

CV1-0.007 £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

 The preferred best-fit is rather different than just S and T
e Interpretation of data? Guide for model building?
* Try to build models consistent with these values

e But can we treat EWPO in isolation?



What's missing: 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 (under MFV)

Beta-decay implications for the W-boson mass
anomaly

Vincenzo Cirigliano,” Wouter Dekens,® Jordy de Vries,” Emanuele Mereghetti,? Tom
Tong*

“ Institute for Nuclear Theory, Uniwersity of Washington, Seattle WA 91195-1550, USA

b Institute for Theoretical Physics Amsterdam and Delta Institute for Theoretical Physics,
University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands

“ Nikhef, Theory Group, Science Park 105, 1098 XG, Amsterdam, The Netherlands
4 Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
¢ Center for Particle Physics Siegen, Uniwversity of Siegen, 57068 Siegen, Germany

92204 08¢%0

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 07 — 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 what
indicated by the fit

* Refitting while including CKM 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



Emanuele Bagnaschi,” John Ellis,”*¢ Maeve Madigan,? Ken Mimasu,
Veronica Sanz®/ and Tevong You

More high energy data

SMEFT Analysis of mwy

b,d,g
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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!

Same for more general flavor
assumptions (Zupan et al 2204.05992)



Model || Spin || SU(3) | SU(2) | U(1) || Parameters Model Cup | Cu|Cy) | CY) | Cre | Chn Cro Cih Co
Sl 0 1 1 1 (Ms, /15) Sl il
2 ) L 3 0 (Ms,Az) 2 6 | 16 T
1 3 r
¥ i 1 3 1| (Mg, )\s,) ¥ L [=Z2 ir
N ) ! ! 0 (MnN, AN) N —1| 1
B 3 l ! -1 (ME, AE) & ~1 | 1 T
B 1 1 1 0 | (Mg, gB) By 1 —1 iy —m —w
By 1 1 1 1 (MBp,, \B,) B —2 —Yr —Yt — b
2 2 2 2 2
= = - 1 1 (1 1 1 1
— L ! i L (M:’/i‘j) = —2 (ME) 2 (M:) Yr (M:) Yt (ME) Yo (M:)
Wi 1 1 3 1 (Mw, 9w, ) W 1 _1 _Ur U W
w v 1 [ 3 [ o | (Mwalh) : O ? : 8 8
JW W B) 9 —Yr —Yt —Yb
Mass limits (in TeV)
N
Model || Pull || Best-fit mass I-0 mass 2-0 mass 1-o coupling?
- (TeV) range (TeV) | range (TeV) range
- W, || 6.4 3.0 2.8, 3.6 2.6, 3.8] 0.09, 0.13]
B 6.4 3.6 8.0, 9.4 7.4, 10.6] || [0.011, 0.016
B- e = 6.4 2.9 2.8, 3.1 2.7,3.2] || [0.011, 0.016)
N 5.1 4.4 4.1, 5.0 3.8,5.8] || [0.040, 0.060]
" ) E 3.5 5.8 5.1, 6.8 4.6, 8.5 || [0.022, 0.039]
E- These two models induce too

10

large CKM unitarity violation




Conclusion

« ASMEFT global-fit including only the high energy data will cause
percent-level damage to the first-row CKIVI unitarity

 Low energy physics such as the beta-decay data is very important
for the global analyses




W mass the perpetrator, really?

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 PERPETR‘TURS
y y
We re-did the old EWPO fits

It was only — (0.4 +0.4) % in 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



0.02¢

2022 my update

No mw

2 parameter fit

4 parameter fit
+ SM

2
5mW 5

SwCw

= v
2
My,

nnnnnnnnnn

0.00 0.02
(3)
Cri

—0.04—0.02 0.00 0.02
Ci

g2 _— o2

w w. L

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
Cup,Cy, CHI 80412 + 8 o
Sl o s both C;y and C; are
20-parameter fit 80412 +8 e present

80200 80300 80400 80500



Finally, CKM comes to the rescue

o Ay is sensitive to

. . . AcKkM = |Vud‘2  » ‘VuS‘Q g
» It can help lift the flat direction : A

e g (3) @
=2— [C; — Cppp + Coe HC
 We've been heard! A2 L % ¢t —\~tq
* And 2204.05260 is now V3 CA

HOVTA;/ oﬂ N

e



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?

=]

—— -0+
1 o

a g

@
e~

. s SM

my, world avg.
—— SMEFT+Ackm, NO my

A g —— SMEFT 2022+Acxm
e . |

o
O

80400

my, [MeV]

So it seems. The Flat
has been resolved

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



AckmM = ‘Vud‘z 51 ‘Vus‘z = |

U
=2 |Ci) — Ci + Ce {C32)




* \We may effectively decouple the CKM
from EWPO by a non-zero Cg)

. Cl(;) is constrained by the Drell-Yan
pp — [l data at the LHC

-04 -0.2 0.0 0.2
Ca (TeV'z)



EWPO

EWPO with low-energy

—0.0092 = 0.011
—0.056 = 0.015
—0.025 £ 0.0086
—0.029 4+ 0.043
—0.095 == 0.032
—0.0050 &= 0.12
—0.95 = 0.25
—0.15 £ 0.068

—0.0092 £ 0.011
—0.056 = 0.015
—0.025 £ 0.0086
—0.029 4 0.043
—0.095 == 0.032
—0.0020 £+ 0.12
—0.90 = 0.25
—0.15 £ 0.068
—0.064 £ 0.035

0.0085

To appear: 2303. XXXXX

- (0.00059

Ca (TeV'z)

0.0

0.2




Conclusion (for real)

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

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

 Model-independent global analyses
could be tricky

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




Choosing the relevant operators and observables is some kind of art
In principle, one would like to include as many observables as possible

hence many operators, too, and still be able to make useful statements
about new physics

Key question: flavor assumptions

Global analysis taking pheno constraints as guidance for flavor
assumptions

Coming soon...



