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OUTLINE

EFFECTIVE FIELD THEORY FRAMEWORK

* General Remarks on EFTs
 Effective Field Theory in the Standard Model
 Effective Field Theory approaches for physics Beyond the Standard Model

B PHYSICS ANOMALIES

* Lepton Flavor Universality Tests and Anomalous Observables
* Fitting New Physics Wilson Coefficients
* Selection of Leptoquark Models
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INTEGRATING OUT HEAVY DEGREES OF FREEDOM

EFTs PROVIDE A SIMPLIFIED ANALYSIS OF THE PROBLEM AT HAND

* Suppose we are interested in the physics occurring at low energy scales E < A, A = Ej:
k| << A, for ¢r (k)
k) = or(k) + om(k), | ’ ’
¢(k) = or(k) + or (k) k| >> A, for ¢y (k) .
* Integrating-out the heavy field from the partition function:

/ngLngHeiS[qu@H]-l-ifdda:JL(:E)be(:E) _ /quLeiSf\ff[qu]—l—ifdda:JL(m)gbL(m) ’

—> Separation of scales!

* The Wilsonian effective action is defined from:
eiSf\ff[qu] — D¢H8i8[¢L’¢H] .

. ijf((,bL) is written as an infinite sum of local operators via Operator Product Expansion (OPE):

S oL (x)] = /d%ﬁfxﬁ[%(fﬂ)] o LY n(@)] =D i0ifon(x)] .

z

* The Wilson coefficients c¢; are determined through the matching procedure of the effective theory onto the full theory.

* The most general effective Lagrangian is formulated via OPE, ensuring compatibility with the symmetries of the theory.
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POWER COUNTING SCHEME

* The integration of heavy degrees of freedom can be written in the form:
D@keiSAwk] — ’qu;cei‘s;\f (%] .
k<A k<A

By setting A = sA’, with s < 1, the integrating-out procedure corresponds to integration over momentum shells.

* Given the effective Lagrangian E?\H = Z cN.MON. M

N,M

* Underthe scale transformation: 2/ = zs, kK =k/s, ey — s /27D +M=d d;—d

CN.M = S CN,M -

Kdi < d relevant

d;—d
Q; ~ (—) k<< A § d; =d marginal —> POWERCOUNTING
\d; > d irrelevant
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EXAMPLE: FERMI THEORY

The SM charged current Lagrangian is

1 v v g
Loo =5 (W0, W)@ W -0 W“)+MEVWJW“—E(WJJEL+WMJ#) )

with the current given by

JB: = ﬁi7uV£jPLdj + Ijﬁi’YMPLEi .

The generating functional can be written as

1 .
ZCC[J; JT] — 0] /DWMDwiezScc[J,JT] |

Zcce|0,

where the action is given by

ScclJ, JT] _ /dD;c[/dDyW(QU)LKﬁ;(f_y)Wu(y)_%(WJ(:E)JT#(x)+wﬂ($)‘]”($))] 3

with

Ki =6"P)(z — y) (3, + M§,) — 010y .
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EXAMPLE: FERMI THEORY

We introduce the new field
. g v
Wi (2) = Wila) — i [ aPyDl(e = )7 (o)

where D}V (z — y) is the propagator:

dPk 1 , k,k
DW o — —zk(:c—y)( v V) .
(T =) _/ (2m)P k2 — M3, — Ge* v M3,

We can then perform the functional integral and we get the effective action

Woold 1= =% [ aPedPyl @)Dl @ - p17*(w).

At energies lower than the W boson mass, we can expand in powers of k% /M3,
dPk 1 k2"
Dy = [ L (LY (g -
ﬂ 2P 20, 1R
> (—1)”(Dy )n( 83,/) (
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EXAMPLE: FERMI THEORY

The effective action is:

Weeld, JJr Z/d4 2M2 J“T(:U)(MQ ) (gw—i- ?&%)J”(x}

At leading order, we find:

2 JT GF

2M2 u(@)JH (2) = —4EJT($)J’L($) . (V2GR) Y2 =102 GeV

»Cweak ~ —
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INCLUDING QCD EFFECTS

 QCD short distance corrections need to be properly considered in the effective Lagrangian

* For example, when considering the generic process 143 — 244, we write

G .
Heogr = TZVW V2 (CL)Q1 + Co(1)Q2)

FERMI THEORY Q2 = (27" Prq1) (G537, Prqa)

INCLUDING QCD EFFECTS  [INME Gty S I o3 BN Pl (2o SN o [ (e 0

* Fermi Lagrangian is then generalised to:

Gr
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MATCHING PROCEDURE

* The Wilson coefficients C; are determined through the matching procedure:

o i

5C8 Cilur)

ﬁ \‘ Ci(pg) —
ﬁ

Aeff—Afunizc I'LH f|0 | f‘ﬁfun’ >

MATCHING CONDITION

M H
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COMPLETE BASIS OF DIM-6 OPERATORS FORWEAK EFFECTIVE THEORY

Current-Current Operators Magnetic Penguins Operators

Q= (gauﬁ)V—A(ﬁﬁda)V—A Q2 = (EU)V—A(ﬁd)V—A QTA/ 8€2mb3a0'u (1 i '\/5)6 F‘W QSG g mbsaa‘“ (1 4+ ’Ys)Tgﬂb,BG

QCD Penguins Operators

Q3 = (5d)v_a Z(@Q)V—A Qs = (5adg)v_a Z((iﬁqa)v—,q Semi-Leptonic Operators
q —_ —
Qs = (5d)v-a ) (@@)via Qo= (Sadp)v-a ) (q3¢a)via Qrv = (3d)v-a(tl)y  Qra = (5d)v-a(t)a
q q Qov = (bs)v—_a(ll)y Qioa = (bs)y_a(ll)a
Electroweak Penguins Operators Quy = (3d)y—a(Wv)v-a Qu = (ud)v_a(lv)y-a
3 pu— pr—
Q7 = (Sd v-A Zeq iQv+a Qs = §(§adﬁ)V—A Zeq(qﬂqa)erA AS =2 and AB = 2 Operators
3 i Qas=2 = (sd)v_a(sd)v-a Qap=2= (Bd)V—A(Bd)V—A
Qo = Sd Jv—a Zeq(QQ)V a Qu= §(§adﬂ)V—AZ€q(f§B%)v—A

q

WHAT ABOUT NEW PHYSICS EFFECTS?
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X3 HS HD? 2P + hee.
SMEFT: Qc | FAPCGAGEGE" Q| (HHY Qun | (HTHO(HVH) Qe | (H'H)(Lye H)
Qs | FABCGIGlrGEH Qup | (H'DH)" (H'D,H) Qur | (HTH)(Qpu,H)
STANDARD MODEL EFFECTIVE THEORY il G| (G

TJK 7T JprrKn
QW € PVF"W,, W,

* SM Lagrangian can be seen as the leading order (dimension-4

X2H? P2 X H +hc. YEH?D
term) Of a broader EFT. (\?H(} HtH GﬁyGA”y QF‘W (LPG#VGT)TIHWJU QSH (HTZ{E}J“H—)(LPFY#L‘")
o T (d) () Que | HTHGAGY™  Qup | (Lyo™e,)H By, Q% (Ui DL (Ll L)
ESMEFT = ESM + Z Ad_4 Z C% QZ Quw | Ui W;{.-;W"“" Que (QprT””TAu,A)fI Gf}u Qe (I[ti(]__)}'ufj)(ﬁpfrﬂgr)
d=>5 i Quiw | HIHWLW  Quy | (Quotu)r HW, Q| (HND @)
. : : : Qus | H'HBLB™  Qup | (Quo*u)H B, QY | HDLH) Q)
* The leading d|men5|9n-§ Lagrangian that preserve baryon and o | muB g | @eerianch o | B
|ept0n num ber COﬂSIStS N 59 Ope I‘atO I'sS. Quwn HTTIHW;UBP'U Qaw (ngfwdr)q—fﬁ' W;v Qud (HTi(ﬁuH)(Jp'Yﬂdr)
Quivy | HI'HWLB"  Qup | (Quo™d,)H By, Qtua +he. | i(HD,H)(upy"d,)
* The search for New Physics is conducted in a model independent (LL)(LL) (RR)(RR) (LL)(RR)
manner. Qu (LP'Y#LT) (Lsy* L) Qee (E:D'Yp-er) (esy*er) Qe (Lp’Y;;Lr) (esy*er)
W (@mQ)@"Q)  Qu | () @yu)  Qu | Lyl @y )
(3} 3 I S T | J J L T 7 L
. . . . qq (Qp’Y_uT Qr)(Qs'Y'r T Q.‘.) Qad (dp'mdr)(ds')’f dt) Qud (Lp'YpL?')(ds'Y, dt)
. Wherlw a specllflc UV model is selected one can write the Wilson O | L)@ Q) Qo |  (Emedrtu) Qe | @m@)erte)
coefficients in terms of the parameters of the UV theory. QD | Ly L)@ Q) Qua | (epmer)dintd) QY | (@) ()
QL;) (ugryuur ) (dsydy) Sp?;) (QpruTAQ,) (usy" T uz)

Qn(:i) (T T ) (dsy* T dy) Qgit) (Qpu@r)(dsy™de)
QY | (QuuTAQ) (A TAdy)

B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek (LR)(RL) + h.c. (LE)(LE) +hc.
JHEP 10 (2010) 085 Quedq | (Lper)(dsQtj) Q,(,L)qd (Qpur)ejn(QEdr)

. Qi g | (@hT4u)ein(@Q4Tdy)
E. E. Jenkins, A. Manohar, M. Trott Q?i‘fd (Ege,_)tj:@ﬁm) t
JHEP 10 (2013) 087 Qz(;?,u (Li;cfj,wer)qk(Qfa‘wut)
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WEAK EFFECTIVE THEORY EXTENDED WITH NEW PHYSICS OPERATORS

* For example, the Semi-Leptonic operators are used to study B anomalies:

STANDARD MODEL NEW PHYSICS

Qov = (f_)_S)V—A(Ef)V Qov = (B_S)V+A(E€)V 5 FCNCprocesses
Qo4 = (bs)v_a(ll)a Qloa= (bs)yra(ll)a b— st

Oy, = (ry*br) (L1 yuver)
Qey = (ud)v—a(lv)v_a O, = (cLbr)(LrveL) _ FCCC processes
OgR = (ERbL)(ERI/gL) b — clv

OF = (era™br) ({0 ver)
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EFFECTIVE APPROACHES FOR NEW PHYSICS

matching 4 1 =(d d
A~ Lyp —— Lswerr = L5y + Yazas T CL ()L ! TOP-DOWN

RGE

Integrating-out ‘
(4) 1 5(d) (d) matching 4GF Z
— v —t L =Ly + C, (v — K, =——) C;(v)0;
W’ Z’ H’ t < SMEFT SM ZdAd—a, 2k Cx  (V)Q WET 7z i ((V)0;
RGE
Uy —— Hwer = —_4GFZ Ci(1p)0;

BOTTOM-UP 3
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B PRHYSICS ANOMALIES

New Physics Wilson Coefficients and
Selection of New Physics Models
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OBSERVABLES OF NEUTRAL B MESON DECAYS

« bostt{”

HADRONIC INSENSITIVE

* Well determined experimentally and theoretically due to suppression of hadronic uncertainties.

* RK} RK* ’ BR(BS - ‘U+‘Ll_ )

HADRONIC SENSITIVE

« Branchingratiosof B » K®u*u~ and B —» ¢ u*u~ in many g2 — bins.

* Angular observablesin B —» K™ putu~ .

 Strongly affected by hadronic uncertainties.
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Rk, R and BR(Bg —» p"u™ )

BR(B — K*utu™)
BR (B — K*ete™)

R _ BR(BY = Ktutu™) R —
K7 BR(Bt — Ktete—) ~ %7

b > sfTf issuppressedinthe SM.

» Highly sensitive to New Physics!
* The ratios cancel large part of theoretical and experimental uncertainties.

€+
70 _ W .
i/ "{‘[\‘,:j/\/::‘:/\ b —_— AN ——— ————— u
wet 2 ! B, A A
’_ H—KA/\N\/\/\/\/\/\X—Qi f
BO/B+ ’ W+ ) [\"*/A’ § —p— NS ————— I'L+
d/u > d/u W
e (*
W (J,;r[ L 27 E > < < n
H‘.fr‘ R B
iy VA 4
o B, 7 W
h— - o B
B°/B* et K*/K -
- / S > | > M
d/u > d/u
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b - sf¢~ WEAK EFFECTIVE HAMILTONIAN

e - /.
Heogr = —thVt’;W Y CoxtyOpyy +hec., with  Opyey = (57, Pxb)(by,Prl) . —> CHIRAL BASIS

6,X)Y
*  We split the Wilson coefficients as:

_ ISM BSM
CbXEY — Cbxﬁy + Cbxfy "

* We use the following analytic expression:

Ry = ’CbL—I-R:U'L—Rlz + |CbL+R,uL+R|2
‘CbLJrReL—RlQ -+ |CbL+R€L+R|2 ’

Ry~ = (1 _p)(|ObL+RML—R‘2 + |CbL+RJUL+R|2) +D (|CbL—R“L—R|2 + |ObL_R'uL+R|2) , p~0.806,

(1 - p)(lch+R€L—R|2 + |CbL+R€L+R|2) +p (|CbL—R€L—R|2 + |CbL—R6L+R|2)

2

SM
br_RUL_-R

C
BR(BS — /,L+u_) — BR(BS — M_)SM‘ SL_RUL_R

 We use the notation: CbL-i—REL:I:R = Cpre, +Chpey, TChep £ Chprp - JHEP 09 (2017) 010
JHEP 08 (2022) 125
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Rk and Rg+ (Before December 2022)

Nature Phys. 18 (2022) 277

, 1.0<¢2<6.0GeV/c
[JHEP03(2021)105]

' ! — 20
: BaBar . 7 -
- : . 0.1 <¢g?<8.12 GeV*/c* < = - T

: [PRD86032012] e B
1.5
Belle -

- - I » I

o .

1.0 _“i i i ! 1 l

1 ﬁ I
0.5
LHCb O fb" . | - ® LIChH Belle
e : [iHébqu;ﬂlPER-Zozlioﬁd] L LHCD B BaBar Vv Belle 2019
1 . . . . I , . . \ I . ) 0.0 O_l [ l [ |1|O| L1 |1|H| 11 |QO
0.5 1 1.5 5) 5
R ; o
® JHEP 08 (2017) 055 ¢ [GeV2 /el

LHCb results in the low and central g2 interval: PRL 126 (2021) 161801

* Rgl[1.1,6.0] = 0.84613035%001 — 3.10
* Rg<[1.1,6.01=0.697334+0.05 - 230

* Rg+[0.045,1.1] = 0.667331 +0.03 > 250
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Rk and Rg+ (After December 2022)

1 4 -— LHCb RK IOW—QQ — 0‘99441%-.%%-%
9 fb_l Rk central-¢* = 0.949100%%
' R lowq® = 092755
b2 - +0.077

R central-¢° = 1.027 5073

e

1 Data Y2=16p=0812 0 =02
— SM

0.6}

Ry low-¢*> Ry central-¢> Ry low-¢> Rp central-¢*

No more evidence of Lepton Flavor
Universality Violation (LFUV)!

—

PRL 131 (2023) 051803
PRD 108 (2023) 032002
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Results for BR(B > n )

« BEFORE CMS DEC 2022

BR(B; — ,u+,u_)exp = (2.85+0.33) x 107° SM PREDICTION

BR(B; » utu)ey = (3.66 +£0.14) x 107°
« AFTER CMS DEC 2022 s = )

BR(Bs = "4 )exp = (3.28 £ 0.26 ) x 107°

Phys. Lett. B 842
(2023) 137955
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HADRONIC (IN)-SENSITIVE OBSERVABLES

« HADRONIC INSENSITIVE OBSERVABLES
RK, RK*

> Now Compatible withSM! ——> No more evidence of LFUV NP!
BR(B; » utu~) ———> Reduced tension withthe SM [arXiv:2212.10311]

« HADRONIC SENSITIVE OBSERVABLES

(App)(B® — K*up) (P)(B° — K*up)  7=BR(B* = K*pup)

(FL)(BY — K*pp) (P))(B° — K*up) ﬁgBR.(BO — K* )

(S3)(B® — K*up)  (Ps)(B° = K*pup) d—‘ggBR.(BS — ppt)

(S)(B° = K*up)  (FPg)(B° = K*pup) ﬁBR(B — X ) ——> STILLANOMALOUS!
(S5)(BY — K*pp) (P (B — K*up) ﬁgBR(B — Xgppt)

(S)(B° = K*up)  72BR(B* = Kpp) iz BR(B — Xee)

(Sg)(BY — K*upu) 4. BR(B® = K ) ﬁgBR(B — Xl JHEP 09 (2017) 010

JHEP 08 (2022) 125
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TURNING ON MULTIPLE COEFFICIENTS

GLOBAL FITUSING BOTHTHE HS AND HI OBSERVABLE:

BEFORE DEC 2022 AFTER DEC 2022
CooM = —1.19 £ 0.12, Cyont = —0.65£0.10 ,
CpoM = —0.78 £ 0.16, CpoM = —0.93 £0.09 ,
CpoM = 0.40 +0.11, CooM =0.20+0.15 ,
CeoM = 0.15 +0.24. CpoMt = —0.16 +0.28 .
7.20 deviation from SM 4. 30 deviation from SM

e THEREARE STILL HINTS FOR NEW PHYSICS.

JHEP 08 (2022) 125
NPB 1006 (2024) 116631
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SINGLE WILSON COEFFICIENTS

« ANALYTIC CONSTRAINTS * FIT RESULTS
_ _ _ New physics in the muon sector (Chiral basis)
Using analytic expressions for Hl observables: Bogt it -0 range S
HI HS all HI HS all HI HS all
BSM BSM —0.05 —1.05 —0.24
Cypour €1-0.53,0.19] Corpy, —015 =131 -033 0 o o L1 41 28
BSM
CbL,uR € [_0463 151] BSM 0.64 —0.47 —0.10
BSM Cyin 0.40 —-0.66 —0.25 0.16 0.5 0.40 1.2 26 1.7
CPM € [-0.46,0.19] 16 —085 0.
BSM BSM  _ B 0.05  0.19  0.04
Cyprourn € [—1.51,0.46] Chopp,  —0.05 008 —004 0 oo G, 03 05 03
BSM —-0.13 052 0.20
Chon, =038 030 005 .o oy 11 16 02
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Rp , Rp- and BR(B,. — 1v)

_ _ R BR(B— D71U,) R BR(B — D*7t7,)
* b— ct vyistreelevel inthe SM. D = BR(B — D{7,)’ D* = BR(B — D7)’

t=e,p

* Rp,Rp+, BR(B; — tv) are theoretically and experimentally clean.

%/(:‘\ 0.4 _l T L] I L] 1 T L] I T 1 LI I L) L] L] T I LI 1 L] I L] T ] L] I T LI} L] I L] LI L] I L] I_
a 3 HFLAV sz = 1.0 contours -
X - ]
1% 0.35 — —
[ Bellell 7]
W ‘}J') 03 Belle” ]
||' — elie —
(-
¢ 7. 2 E LHCb’ i
SS [ q 025 — —
2 = =
B e = -
B_/B() b C D(*) O/D(*) 2 0.2 — World Average -1
T il 2+ rediction R(D) = 0.357 £ 0.029,_, —
u / d < U / d - +H§([E)?Z(f %SPJI? 0014 R(Di) =0.284 £0.012 -
— R(D#) = 0.254 + 0.005 p=-037 -
. P(2) = 33% i
L 1 1 I L 1 1 L I L 1 Ll I 1 L L L I Ll 1 1 I L L 1 L 1 L1l L L Ll 1 I L 1
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55

R(D)
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b-ct v, WEAK EFFECTIVE HAMILTONIAN

Het = — Ve f;;; (14 Cv,, )Ov, +Cv;, Ovy, +Cs, 05, + Cs,0s, + CrOr + h.c.] OE/L = (‘EL'Y%L)(E_L%”@L)
Oy,, = (€ry"br)(LLyuver)

05, = (erbr)(Lrver)

0%, = (erbr)(Crver)

=1+ Cy, + Cy,|> +1.01|Cs,, + Cs, |> + 0.84|Cr|? O = (éro" b)) (Urover)

* We used the following analytic expression:
Rp
RSM

+ 1.49Re[(1 + Cy, )(Cs,, + Cs, )] + 1.08 Re[(1 4 Cv, + Cv,)Cr] ,

Rp-

ST 1+ Cy,|° + |Cvs|? +0.04/Cs, — Cs,|° +16.0/Cr|* — 1.83Re [(1 + Cy;, )CY, |

—0.11Re [(1 + CVL — CVR) (C;L — CER)] — 5.17Re [(1 + CVL) Or_}kv] + 6.60Re [CVRC’;] ,

BR(BS — 77v;)
BR(BY — 741, )sm

= |1+ Cy, —4.35(Cg, —Cs,)|* .

arXiv: 2210.10751
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1.5}

Cs,

Cs,=+4Cr € iR|

05

1.0
Rp/Rp™M

15 20



NEW PHYSICS WILSON COEFFICIENTS

« ANALYTIC BOUNDS  FIT RESULTS

New physics in the tau sector

Using analytic expressions for Hl observables:
9 Y P Best-fit l-o range /X2 — XPeut

HI all HI all  HI all

Cyv, €10.01,0.10
vi. €10.01,0.10] Cy, 0.08 0.08 8'83 8'83 43 4.8
Cs,, € [0.20,0.23] - -
Cs, = —8.9Cr € [0.05, 0.24] Cs, 0.19 0.20 8'?2 8'?? 26 2.8
|III1CSL’ = 89|ImCT| = [0.31, 0.62] 021 0.20
|ImCSL’ — 84|ImCT| c [0307 062] CSL = *S.QCT 0.18 0.18 0.15 0.16 4.0 4.2
0.58 0.60
InCs, | = 8.9[ImCr| 053 055 0 =y 41 4.4
0.58 0.60
lnCs, | =8.4ImCr| 0.53 055 "o o 4.2 4.4
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SELECTION OF
NEW PHYSICS MODELS




MINIMAL 2’ BOSON

« 7' models can only address the b - s £¥£~ sector.

* The minimal Z" model generates only the Wilson coefficient €, :

Lz = gbs (57, Prb) + g, (v, Prp) +hec. |

OBSM 47TU2 9bs9ur,

bLpr thV{';Oéem mQZ,

* Assuming order 1 couplings we find a lower bound on the NP scale around 50 Tel/'.



SCALAR LEPTOQUARKS

=(3,1,1
PR ¢ Ry = (3.2,7/6)
o C i, a ab ri,b RR-C i j
E ylng ( ) L“}, + Y1ijUR 816“}34-}1.0. : ER yé%Lu%Rg,(iTQ)abLj,b + yJQLR_RRa * QJ ,a +h c.
2 j L L]
C AC UQ Yi b’r(lecE*) C _ 40 _ vz y2 C’T(yQ bT)
s, = —4br = _QVcb m81 ; Sy — T — 2V, mQR
v yf (Vy”‘*)c
Cy, = S 1bt e BV _ 22 9539583*
1 b = —
LHR V;ﬁbvvt);()em m%zz ’
fLL
2 2 (yiLL Y1 )
(BSM _ my VEyEL) (VgL v ( tLL LL) ’ _
bLpn 87raemms ( Y1 )W( )W 167rozemm%1 Vin Vi o pi o S5 = (3,3, 1/3)
2
CBSM _ my * RRY |1 Sl _ _ ~Cia ;. be .
brurn — 87racmmb (yltu) (yltu ) og mt f(%f) £Sg _ y:%ij ¢ 1,a (Z’TQ)ab (Tks:lgc) L_thc + h.C. .
LL TLL) I I
__ v ot = (s*"ut") CBSM _ Amv? Y3 (U5s)”
167 Qemm, Vi Vi o bror T Vi Vis0tem m%g
where er L
Fla) =1+ 3 log(z) 1 S m? O 2 (VyS) Y3 b:
! Ty — 1 Ty — 1 ’ ¢ ﬂ/IEV ' V .

L — 2
Ve my,



VECTOR LEPTOQUARKS

o V5, =(3,2,5/6)

EVQ _':BQ@_}d ’Y'UJVQ(?,u,(iTZ)abLj X +$23JQC b 'u(iTz)ab‘/Qb,uel% + h.C. '
e Minimal U; = (3,1,2/3)

9 LR LR *
(OBSM _ dmo” Ty ‘:’u$2 by
b - )
LiR ‘/tb‘/tzaem mV2

Lu, = 215,Q7 " Uy . Ly +hee. .

202 (Vaf®), okl

2 LL LL * CS ——
_ (V:El )c T1br R Vib m%/g
CVL — 2 9
Veb m,
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SUMMARY OF LEPTOQUARK MODELS

* Scalar and Vector Leptoquarks can also address the b — ¢ €7 v, sector.

* We assume order 1 couplings.

LQ Model Wilson Coeff. b—c b—s|b—c+b—s
S1 Cisﬂ,Cfbsﬁ, Cy,,Cs, = —4Cr v v v
Ry CELSI%%, Cg, =4Cp v v (V)
Ss CpoM, Cy, X v x
U, CpoM, Cy, v v (V)
Vo C,?LS%, Csp v v (V)
Us C,?Lsﬂ, Cv, X v X

* §; with a mass in the TeV range can accommodate current datain b — ¢ and b — s sectors.

* R,, U, Vs, require a tuning in the couplings.

DAVIDE IACOBACCI




CONCLUSIONS

* THE EFT FRAMEWORKALLOWSTO SEARCH FOR NP EFFECTS IN A MODEL-INDEPENDENT MANNER

» Rg and Ry ——>  No more evidence of LFUV
» HS observables are anomalous, yielding an overall 4.30 deviation from the SM.
>RD and RD* E— ANOMALOUS

Scalar Leptoquark Si1 can explain the data both inthe b — c and b — s sectors.

 Improving precision of current measurements
* Measurements of new LFU ratios Ry, where H can be a Meson or a Baryon

* Measurements of new angular observables and branching ratios

DAVIDE IACOBACCI
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4 HFLAV SM Prediction

R(D)=0.298 +0.004
R(D*) = 0.254 +0.005

R(D)=0.342 +0.026,,
R(D*) =0.287 £0.012, .,
p=-0.39

P(x2) = 35%

LATEST LHCb MEASUREMENT IS COMPATIBLE WITH BOTH THE CURRENT WORLD AVERAGE AND WITH THE SM
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