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SMEFT approach to new physics

® No direct measurement of NP at the LHC — NP very weakly coupled or very heavy

® Scale separation — Indirect measurements using effective field theories
= largely model independent framework

® SMEFT is constructed from all SM fields with the full SM symmetry
SU(3).xSU(2),. xU(1)y

~ (a)
Loverr = Low + dz; Z Ad—40i
= i

O&f) : Local operators, IR-sensitive (SM-fields and symmetries)

(effective couplings)
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Minimal Flavor Violation

® Dimension 6 operators: Warsaw Basis: 59 operators — 2499 free parameters

See also e.g. Bruggisser et al. [arXiv:2212.02532] for MFV in SMEFT
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Minimal Flavor Violation

Dimension 6 operators: Warsaw Basis: 59 operators — 2499 free parameters

Flavor patterns reduce degrees of freedom and impose correlations among different
sectors
MFV: Impose a U(3)® symmetry G, = U(3)

[JHEP 05 (2021), 257]

0 XUB)y, xUB)g, x UB), xU(3),,

The SM Yukawa matrices are treated as spurions
qr (3’1’171a1>7 uR: (173717171)5 dR: (1717371,1)5
I;: (1,1,1,3,1), ep: (1,1,1,1,3),

See also e.g. Bruggisser et al. [arXiv:2212.02532] for MFV in SMEFT
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Minimal Flavor Violation

Dimension 6 operators: Warsaw Basis: 59 operators — 2499 free parameters

sectors
MFV: Impose a U(3)® symmetry G, = U(3)

[JHEP 05 (2021), 257]

4r X UB)uy X UB)a, x UB),,

The SM Yukawa matrices are treated as spurions
qr (3’1’17171>7 uR: (173717171)5 dR: (17173’1,1)5
I;: (1,1,1,3,1), ep: (1,1,1,1,3),

—> Expand the quark bilinears

Flavor patterns reduce degrees of freedom and impose correlations among different

x U(3),

R

Tndr - il + aY, Yol + agYv) + . g : byl +byY,Y, + ...

Qoup (1 +cY, Y, + )Y, dpdp i el + €Y Y, + ...

u

See also e.g. Bruggisser et al. [arXiv:2212.02532] for MFV in SMEFT
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Minimal Flavor Violation in SMEFT

® Rotating to the mass basis and retaining only y, yields:

0 0 _|fay T ay |th‘223/t2 Qg ‘/ttj‘/ts léf ) ay Vi Vi .UtQ
Cqrar, O |ug 0 up, +dy, as ViVia y; ay +ay Vil v; as ViV dy,
0 0 0 VaVia v (0 VY ¥ a1+ 0 [Vl 9
tt

Drell-Yan b—s

® Imposes correlations among flavor entries and allows for down-type FCNCs
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Minimal Flavor Violation in SMEFT

J

® Rotating to the mass basis and retaining only y, yields:
2,2 * 2,2 * 2
0 0 _|fay T ay [Vidl Q,Ut Qg thst !ét ) ay ViV y;
Capar, O |ug 0 up, +dy, as VisVia v; ay +ay |Vi|” vy as ViiViy ¥y
0 0 Qg V,;;,Vzd ytz Qg V;)‘/ts i‘/? ay + as |th‘2 Utz
tt Drell-Yan b—s
® Imposes correlations among flavor entries and allows for down-type FCNCs
® Parametrization: )
5 U _ 2n
Cq(j - ﬁ ay Ya = Z Yy a’2n/a1

n>1
® ~, probes the MFV coefficients — constrained by combining at least two sectors

“LLTTL ~ CNl diJiL ~ CNi(l + ’YA‘VM‘Z) WL‘JJL ~ éi Vij
trtr ~ Ci(147,) brsg ~ éi’Yu ViV ELdi Y éi (1 +74)Vy
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Minimal Flavor Violation

® Rotating to the mass basis and retaining only y, yields:
0 0 Vial? 7 ViVis Y; ViVis v;
| far +ay [Vigl Q,Ut Qg VigVis .lét ) as b YUt
Capar, O |ug 0 up, +dy, as VisVia v; ay +ay |Vi|” vy as ViiViy ¥y dp,
0 0 Qg V,;;,Vzd ytz Qg V:;)‘/ts i‘/? ay + as |th|2 Ut2
tt Drell-Yan b— s
® Imposes correlations among flavor entries and allows for down-type FCNCs
® Parametrization: )
5 _ v _ 2n
Cq(j - ﬁ ay Ya = Z Yy a’2n/a1

n>1
® ~, probes the MFV coefficients — constrained by combining at least two sectors

(wwe ~G]  (aidy ~ G ravP))  (adl ~Giv)

[tLEL R di(l +%)] [ brsg ~ éi’Yu W;V;b} [ ELdi Y di (1+ ’YA)th}
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Parameters and Observables

( ) Top
Cla Cl(;) Coq || Cun Cuw
r Drell-Yan
Clu Cl(? ng) Otpu CuG
b—s
Ccu Clle C</3d Ced
L — J 7 decays

14 Wilson coefficients and v, ,— 16 degrees of freedom
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Parameters and Observables

( ) Top
Cla C;;) C&,) Cup  Cuw ’
r Drell-Yan
Co | CF ||C5) | Coull| Cuc
b—s
Ccu qu C<Pd Ced
L — J 7 decays

14 Wilson coefficients and v, ,— 16 degrees of freedom

BBHXS’Y BBU%K*’)/ BB*HK**’y BBHXSHZ* BBaXsmf

)

own L, fo S Bp uru- FrBoskpuu- PiBoﬁK*,ﬁlr Bpookuru- Beroxrpru-

R, App)

{O—tt Otz Oty Gttw}

b _
[Rb App Bpiokruru- FrBsgurn SiBgurn-  Baysapru- AMop /b,
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Synergies from Beauty, Top, Z and Drell-Yan

Cus éug

CuG : éuG
CuW —_—— éuw

~(1) ~

Coq — Cod

~(3) —_ | .

CW? — Cg,%)

~ | e———— .

Cq)u | e ] C(PU

~ fr—] ] ~

Cod =] Cod

Ciu T = Cu

- — Global fit " = Global fit
Cia ] P |— prelln Cia == DrellYan
& — B&Z o e B&Z
Ceu — = TOop Ceu - Top

- —% o

Ced T ey Cou - Z
Coel  — ——— B

~(1) J ——"

Cla @ ¢ A(+)

(3) la H %(3) C/G
C’q T T T T T Clq
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G| Total width of 90% intervals
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Probing the MFV parameters

a
Yo=Y U = left-handed doublets

Mo = Z y2n an
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right-handed up-type quarks

n>1
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Probing the MFV parameters

a

2

Vo = E yth —  left-handed doublets
n>1 o

I Global fit 0.4 I Global fit
1.5 N B at SM value I Without Z
Il Only Drell-Yan I Without top
0.3
— —
S1.0 S
S 'S
~— ~— 0.2
& SY
0.5
0.1
-10 -5 0 5 10 -10
Va
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Impact of B(BY+ — K*Y/*up)

Cug T

éuG 1 E
&uW T

~(1)

Crpa

~(3) —_—

Crpq

Cew

éq’d — |

Cu I
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Predictions of dineutrino branching ratios

1 1
90% interval 90% interval
N 68% interval I 68% interval
5 — Current limit — Current limit
= 107 —— SM prediction = —— SM prediction
2 B
B S
? 75-10% | 1
OS 4 )
x 5-10° [ o
g g
o o
2.5-10"
00 05-10° 107 15-107 2-107° 0.0 0.5-107° 107° 15-107°
BR(B' — K w) BR(B™ — K )

68% credible intervals:
5.3-107 < B(B® - K*%w) <12.8-1076  2.5-10°< B(B* - K*ww) <5.9-1076

B(B* - K'tui)

—— = 0.46 - 0.08,
B(B° — K*0up)
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Conclusion

Flavor pattern allow to connect different sectors and exploit correlations

Synergies arise in the global fit due to the flavor-link established by MFV

The second order in the MFV expanion is tested by combining beauty and collider
measurements
Dineutrino branching ratios can provide crucial information in the search for BSM physics

® \We predicted the dineutrino ratios to be centred around the SM prediction, and within
the reach of Belle Il

g i [
g ﬁ b l;;
g9 t s
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Dineutrino benchmarks, limits and SM predictions

® Experimental upper limits [phys. Rev. D 96, 091101 (2017)]

B(B* — K*%ww),, <18-107°

exp
® SM prediction farxiv:1810.08132]

B(B® — K*%w)gy = (9.53 £0.95) - 10°°
® Benchmark measurements

B(B® = K*)gy om = (9.5+£2.5)-107°

B(B® —» K*vi)gp 0o = (14.5£2.5)-107°

B(B® - K*%)gy_o9, = (4.64+2.5)-107°
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B(BY — K'wp),, < 1.6-107°

exp

B(Bt — Ku)gy = (4.39 4 0.60) - 106

B(B" — K ui)gysm = (4.4+£1.3)-107°

B(B" — K"vb)gpye, = (7.0£1.3)-107°
B(BT — K wi)gy_9, = (1.841.3)-107°
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Parton-Parton Luminosities
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MFV Drell-Yan Fits
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Flavor-Specific NC Drell-Yan Fits
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Flavor-Specific CC Drell-Yan Fits

pp-ev pp = v pp-Tv
— ad ab —CS — ad ab —CS — ad ab —CS
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Top Fits
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Top Fit Posterior Probability Distributions
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SMEFT Operators in Warsaw basis

= (‘j o' TAu )‘PGWa Ouw = (qr,0""u ) W;{uv
= (q.0""ug) $B,, , Oge = (ar7,01) (€rY"eR) |
= (Z %JL) qary QL) > O;j) = afﬂ g )(‘jL'YMT QL> )
= (ervuer) (@Wpr'ug) | O.q = (ervuer) (dpy'dy)
Olu (Z ’YulL) upytup) O = (Z ’Y;JL) (JR’YNdR> )

1DI ) (Q_LTI’Y#QL) )

(u
= (il HsO) @) Oa = (
= (¢1iD,¢) = (¢'iD,p) (dpy*dg) ,

D, ) (agy*ug) , Oy
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Weak Effective Theory

Effective Lagrangian for b — sli

AG

B — V*VbZC
€ = 1%
Q7 = UL (5,0"bg)F,, Qg =
2
€ L
Qy = 16752<‘5L7ubL)(£7l f) Qi =
Q= (SL%,bL)(VV (1—5)v)

1672
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9s = vrpa a
167T2 7nb(sL0-M T bR)G,uI/
2

€ = N
@(SL%Z)L)(M’ ¥5¢)
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Weak Effective Theory for Meson mixing

Effective Lagrangian for B B,

e, = Sy P> ern

mix

V.LL = (527ubr) (5.9"by)

NExT 2023 - Lara Nollen
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Running and Matching

® Match a potential UV theory
onto the SMEFT at the

0 Match matching scale A

Energy scale

{1 cpy——> ¢
A oV SMEFT * Apply the SMEFT RGE to

RGE evolve the Wilson coefficients
to lower energy scales

Mt + Lsyert ® Compute top and collider
observables at the scale p,
RGE
® Match the SMEFT onto the
Match
WET at the scale
Hw T Lsyerr ——> Lwer Hw

l e Use the WET RGE to compute
RGE

the Wilson coefficients at the

scale py, of flavor-observables
NExT 2023 - Lara Nollen
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EFT cross section and Simulation Chain

& J g

VI BsM @ & [M[? 1 |
M=M —l—ﬁZ:CZ-Mi —)U:USM+EZC¢U‘t+FZCiC'UBSM

i<

model definition ‘ SMEF TSIM [arxiv:2012.11343] ‘

parton level Monte Carlo ‘ MADGRAPHS [ariv:1405.0301] ‘

hadronisation and parton
P ‘ PYTHIAS8 [arxiv1410 3012] ‘

shower

detector simulation ‘ DELPHES3 [arxiv:1307.6346] ‘
~
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Top quark measurements included in the fit

Process  Observable ~ SMEFT operators  Experiment

tt do_ Coa CMS
dm(tt)
. do 5 oA oA A
ttz C,. C,y C ATLAS
dij_(Z) uG YuZ “eu ~pq
- o .-
ty Coo C, ATLAS
dpr(v) ¢
W O i Coo ATLAS
ttH  ouy % B, Coa ATLAS
to> Wb fo fL Cow ATLAS

~ ~

t— Wb I, Clir €2, ATLAS
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Drell-Yan measurements included in the fit

Process Observable Experiment /s Int. luminosity
pp — ete”  Events, 68 bins CMS 13 TeV 137 fb !
pp — uwpu~  Events, 36 bins CMS 13 TeV 140 fb !
pp — 777~ Events, 17 bins ATLAS 13 Tev 139 fb !
pp — ev Events, 40 bins ATLAS 13 TeV 139 fb!
PP — v Events, 35 bins ATLAS 13 TeV 139 fb !
pp — TV Events, 10 bins ATLAS 13 TeV 139 fb!

NExT 2023 - Lara Nollen

24



Flavor measurements included in the fit

Process Observable Experiment  ¢® bin [GeV?]

B — Xy Bp ~16 cev HFLAV /

B® — K*y B HFLAV /

Bt — K*ty B HFLAV /

B— X 10 B BaBar [1,6]
Apg Belle 1, 6]

B, — ptu B CMS /

B - K*utp~ FJ%” PFI)S/”%G;7}])§8; LHCb [1.1,6]

BY = Kup~ dB/dq? LHCb 1, 6]

BT — Ktu = dB/dg* LHCb [1,6]

BY - K™y~ dB/d¢? LHCb [1, 6]

B, — ¢utpu~ NS NS S R N € 1, 6]

Ay — ApTp dB/dg? LHCb [15,20]

B, — B, mixing AM, HFLAV /

NExT 2023 - Lara Nollen
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Tree-level Matching

ACtee — g% [C + Cpe + (-1 + 4sin?6,,) CF

=, (430511 (C,, +C}) —45.858C},)

tree T S+ 5 Y+
Acloee - a Ya [_Clq + Oqe + C. ]

vq

=, 430511 (Cf, + C,. = C}) |

vq qe

ACtree = gva G+ Cl

=7, -430.511 (G}, + C;.)
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One-Loop Matching

Cy = —=2.351C, 5+ 0.093 Oy + 7, - (—0.095 G, +1.278 O ) +(1+,) - (—0.388 65
Cs = —0.664C, + 0271,y + 7, - (0284 G, +0.667CLy ) + (1+7,) - (~0.194CF))
Cy = 2.506 C, s + 2.137 C,pyyr + (1 + ) (0.213C,,,, + 2,003 (—Cy,, — C,))

+(1+7,) - (—0.213C0 + 43746y +2.003 (G, + C1)) - 3.163 €L, )
Cyo = —T7.515Cyy+ (1 +,) - (2003 (—C,,, — ., + C,))

(1 4n,)- (2_003 (6;1; +C, — é}q”) —17.834C%) + 3.163 élf)>
Cp, =12.889 C,py+ (1+7,) - (2008 (Clg + C))) — 22.830C5, — 16.275C), )

+(1+7,) -2.003 (—C,, — Cy,,)

Cpix = 22,023 Cp+ 7, - (14-317 Ciq +11.395 5&33) '
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MFV Spurion Expansion

Gdr o~ ayl + @Y, Y +agY, Y +

CZRdR Had eljl + 62Y;Yd +

After rotation to mass basis:
= 7 2
qrqr ¢ dridp; = a16;; + acy; ViV
Upup; — a16;; + Ay, 63163]

urdr; = a1V + aqy; 531"44‘

dLiuLj — a1V + ayy; 1/;”;53]
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qrdpg i~

qrur,

qrdp

URUR

dpdp : d

(dy1 + dyY, Y + )Y,

tUpup; — (e + 02y1f2)yt53i53ja

JLi“R] (c1 + ey )ytv O35 5
~ 0

: uR,LURJ — b 5 + b2yt 53253]
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