VTP TRES . e Flavor at the Crossroads

SQN . Y 15 20 April 2022
PROGRAM . '

@ https://indico.mitp.uni-mainz.de/e/flavor2022

Theoretical Physics

~
)
. ") L, y
- }e " ) :
rt |
~ AR o 34 3 » g
"h .u';- off - 3 - p
- - ~ .
3 , o "o - .' -
&, » - g : -’;.
. - - » . ) 4 -
« K TN A - )
N -, --~,"!.'~ - 4 ” "
. - o - 4 S - .
- < - - - y 4 " T ., 4
e S e e : A .
-~ < » »re e < . : . o L e -
. <, A AL P - 5 o SN .
- "“ - P '3 o 2 i - .
- - e s N 3 o - .
- o o : o~ E .
— 0N 5. \; - 3 v - - . -* . . ‘ .
Sl - ! S - ~ B Mainz Institute
N - - - e e - .
- .- N < T o ] . Sy St .
. - gL » e R : |
r s ° .4 .
- 4 - - .
. ot - . ‘ Y
- B
- |- 4 v A
- - - - .. -
. ! _ . »

From Light to Heavy /'
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Heavy /'

https://inspirehep.net/literature/2014092

M. Alguero, A. Crivellin, C.A.M., J. Matias


https://inspirehep.net/literature/2014092
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Heavy 7’

Setup

e Simple patterns where NP couples ~1.2
i Bs — pp lo
solely to muons can explain the Rk & Ry 10, 20
discrepancies between the SM and ~1.0 - b— sup lo, 20

rare B decays 1o, 20

experiment very well.

—0.8 1
e Structures with additional LEU

contributions can describe data

even better...

I. 2HDMs

bspp __ bspp
ACQ = _CIO

II. Leptoquarks

HI. SU(2); Vector Bosons Triplets
0.0 -

I'V. Vector-like quarks

0-2 I I I
2.0 —1.5 —-1.0 —0.5 0.0 0.5 1.0

univ.
Cy

V. Vector Boson Singlet
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Heavy 7’

LFUV & LFU

Z/

LFUVin b - s ¢~ \\

LFU effects via Z — Z' mixing

Impact on the EW Fit!

o Constraints from Z — £7¢~, etc.

o Prediction of the W mass altered with respect to the SM
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Heavy 7’

Couplings of the 7

Z 2; = _j}/,u(gjb;LP Lt 8]-?RP RIU; Z(;” + Czj}’,,,(gjchP Lt 8]§RP R4, Z(;ﬂ

+&7 1@y, Prv) Zl+ 7 185 P+ 87" PRIY, z!

Let simplify: the one dimensional scenario with the best fit to data is
obtained from a left-handed b—s coupling and a vectorial muon coupling

C L= gy P+ 835 by Pis + g7 C | Zf

1
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Heavy 7’

Mixing
1 / 'MZ / / ’ <
L= ZZO WZO”” > ZOﬂZO” + 8,20,Z) fp — zg¢Zﬂ¢T D¢
2 y
Mz,  cw p2
=1 s yET e

/Z,isin & + Z,cos
V4 ZycosE — Zysiné 0



Heavy 7’

Electroweak Fit

EW sector completely
parametrized by 3 parameters
(+ fermion masses)

a, MZO, Gp

—F
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Observable Measurement

Observable Measurement

Parameter Prior
Acnaa X 10* [16, 17] 276.1(1.1)
as(Mz) [8, 33] 0.1179(10)
Mpy [GeV] [8, 38-40] 125.10(14)
my; [GeV] [8, 41-44] 172.76(30)

Needed for higher order corrections

M 17,74 [GGV]
C'w [GeV]

80.379(12)
2.085(42)

BR(W — had  0.6741(27)

sin®0%goppy  0-23248(52)
0.23146(47)

s ~20e
sin Heff(DO)

.2l
sin“0 eff(CDF)

29#

SIN"0, g o)

- 2
Sin oeff(LHCb)
P}_)Ol

0.2315(20)
0.2287(32)
0.2314(11)
0.1465(33)
0.1516(21)
0.142(15)
0.136(15)
2.4952(23)

o) [nb] 41.541(37)
R? 20.804(50)
R 20.785(33)
RO 20.764(45)

ADS 0.0145(25)
Apk 0.0169(13)
AL 0.0188(17)
RY 0.21629(66)

RY 0.1721(30)
0,b

Apn 0.0992(16)
0,c

Apg 0.0707(35)

Ay 0.923(20)

A, 0.670(27)




Heavy 7’

Couplings to Leptons
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e EW Precision Observables

e Neutrino Trident Production

o LEP-II
* Lepton decays:
T> UV, T > eV, —>ell,



Heavy 7’
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CV — 7T 4\/_823822
W 2 Gpm2V,VE

cY=—kcy

7?2885 g siné

2 2 ok
€ CWGF myz th Vts

1

k =
1 — 453
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Heavy /'

Results

PRE - CDF 2022

D025 _
| Mz =2"TeV s EW +7 — uvv

0.0020! mb— sl

0.0015! , i

~ 2
my, =~ m CW+sm<§

sin &

0.0010!

0.0005|

0.0000|
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Heavy 7’

Results
PRE - CDF 2022 POST - CDF 2022
0.0025¢ T[T : 00030F [ j
:MZ/:2TeV s EW +7 — pvv My = 2 TeV o EW +7 = pvv
0.0020! ab — st | 00025 ab sl
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Light Z’

https://inspirehep.net/literature/2039365

W. Altmannshofer, A. Crivellin, C.A.M., G. Inguglia, P. Feichtinger, J.M. Camalich


https://inspirehep.net/literature/2039365
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Light Z'

Setup

ZLyD |p (g,,,vﬂy” + g;;‘,,,y’“‘ys) u+ g Sr'Pib+ g, 7r' x| Z,

Observables

b — s (g —2),
eB — K + invisible opp — utu~ + invisible

e B, — B, mixing eete™ - utu~ + invisible
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Light Z

b— st &(g—2),

L, |\p (g,,,vﬂ;/” + g,ii‘ﬂ}/”ys) p+gLSy*Prgb + g, 0r' x| Z,

s =2,

A m;
Couio) = Ad, = Re [(8),)> = 5(s1,’|
A0 g2 m2, + imz", 1282 M2, (8 (8

m, 2 2.5 GeV  F sala, D. Straub hep/1704.06188.pdf



https://arxiv.org/pdf/1704.06188.pdf
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Light Z

V
fp

gl % g

— b sl 'y = 20% my:
— b sl 'y = 10% my:

2.0 2.9 3.0 3.9 4.0 4.5 5.0
(A [G(BV]
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Light 7’

B — KO

BB > KOyp) = BZ — MJ " dsT,(s) BW(s) BB — KOZ)(s)

min

Vs 1

Spin = 4m§ BW(s) =
(s —m3)? + ' ,(s)°m2

2
Smax = (mB o m]{(*))

2 2
g m
FZ’ (S) — £ \/1 — 47)( (S + 21’}’1)?)

Belle I1: \
BB+ - K*up) < 4.1x 1075 |
_Others: Babar, Belle



https://inspirehep.net/literature/1860766
https://inspirehep.net/literature/1225884
https://inspirehep.net/literature/1512929
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Light Z
B - KOuw

B — Kvy
1.0

05 — efficiency function x 10
| form factor f(s)
— [M(gg, = 0.1)" [GeV7]
— |IBW(myz =3 GeV,I'y, = 0.15 GeV)|? [GeV 2]
0.0

s [GeV?]
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Light Z

Recasted Belle Il analysis

0.5
0.45 e Alarge m, weakens the bounds on gSLb
0.40 x

2
s . =4m
0.35 min Y
A
03 0.1 ]
3
<025
2 7)
S J
0.2 (q
Q
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N
0.1
1)
0.05 O — - | >
5 40 1S
0.01

s [GeV?]
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Light Z

| ete”™ = pu u~ + invisible

Other bOundS - Recasted Belle Il analysis for a sizeable Z’ width:
N B~ Pa— —— - 276 pb~! hep/1912.11276 ‘
. — B, mixing 50 fp-!
- Light Z’' masses: OPE in m,/my — weaker than B — K" uu ; - 5ab™!
- For m, ~ mg: no reliable treatment yet | i‘ Limits on g;;, of the order 10~' — 1072

'pp — uTu~ + invisible
|

| F. Bishara, U. Haisch, P.F. Monni hep/1705.03465

1 z/y 4



https://arxiv.org/abs/1705.03465
https://arxiv.org/abs/1912.11276

9,00

Light 7’

Bounds on g,

Maximum g,fs allowed by B — K"

Cannot exclude a light Z’ yet

FZ’ = 15% mz:

FZ’ = 10% maz my = 0.49 x mo

—— Belle IT 276 pb~!
— == Belle IT 50 fb~ proj.
10711 —.= Belle I 5 ab~! proj.
— —— DY
N
<¢§ | —— Ry + By = pp ’
o | b st
I
|
s 3 -
= ="
102 '_"——
gy /‘
1.0 1.5 2.0

m, = 0.10 X mz

Belle 11 276 pb~—! !
Belle II 50 fb~! proj.
Belle 11 5 ab~! proj. |

DY
Ry + Bs = pp

b— slti—

5.0 9.5 6.0

66((6, 6‘@121 u‘er\c\us A(D?S

== 3;’5 <an be Ve Ty \efge,

e Future Belle Il analysis can exclude

mZ/ i 2.5 GGV

e m, ~ 4 GeV would not lead to

R(K®™) > 1 in high-¢* bins
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Light 7’

Bounds on gSLb
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Alternatively we can maximize g)t; fromete™ — pu u~ + invisible

B — Kvv Bellell 63 fb—1 'y = 10% my:
B — Kvv Bellell 63 b=t T, = 10% m

B(B— Kvv)<1x107° Tz = 10% myz
B(B— Kvv)<1x107° Tz =10% myz:

b— slti~ 'y = 20% my
b— slT0~ ', = 10% YA

my = 0.10 X My
my, = 0.49 X my
mX = 010 X Mz

my = 0.49 x mz

2.5 3.0 3?5 4?0
A [G@V]

4.5

5.0

0.0

6.0



