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Rare B Decays

* Rare decays of hadrons containing bottom
quarks
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Rare B Decays

* GIM suppression: good probes of heavy
New Physics (NP)
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Rare B Decays

« Disagrees with SM predictions of angular
distributionsin B — K*utpu—

« Discrepant Br(B — Xu™p™), X € K, K*, ¢

Aditya Gadam



Rare B Decays
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« Motivates model independent study of
b — suu operators: 4 fermion contact
operators of dimension 6
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Rare B Decays

Rare decays of hadrons containing bottom
quarks

GIM suppression: good probes of heavy
New Physics (NP)

Disagrees with SM predictions of angular
distributionsin B — K*utpu—

Discrepant Br(B — Xptp™), X € K,K*,¢

Motivates model independent study of
b — suu operators: 4 fermion contact
operators of dimension 6

EFT with O(1) couplings: Ayp ~ 35 TeV
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Global Fits

LFU scenario motivated by the SM *Status changed after LHCDb update in Dec 2022
compatible* Ry, Ry Br(Bs — putpu~)

R _ Br(BoKWyutp)
K = Br(BSK®ete)
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Global Fits

Multivariate Gaussian fitting for best fit

values:
A QU T SN2 28 S @I =SS G 51D S (0208
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Global Fits b
—— lepton universal fit, Winter 2023
lepton universal fit, 2040
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- The b — suu fit is sensitive to hadronic
uncertainties
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. . Bs — pu
Global Fits b
—— lepton universal fit, Winter 2023
lepton universal fit, 2040

- Assuming a LFU scenario motivated by
the tests Rk, Rx+,Br(Bs — utp™), that
are SM compatible

- Multivariate Gaussian fitting for best fit

values:
A QU T SN2 28 S @I =SS G 51D S (0208

- The b — suu fit is sensitive to hadronic
uncertainties
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- Requires theoretically clean b — suu

tests: Muon Collider
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At a Muon Collider

& Theoretically clean signatures = excellent NP probes
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At a Muon Collider
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& Minimal hadronic uncertainties, low radiation, and few underlying events
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At a Muon Collider
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& Proposed at various vs values, from the Higgs pole to 30 TeV
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& Excess/shortages in events and angular distributions constrain Wilson
coefficients
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At a Muon Collider

& Theoretically clean signatures = excellent NP probes
& Minimal hadronic uncertainties, low radiation, and few underlying events
& Proposed at various vs values, from the Higgs pole to 30 TeV

& Excess/shortages in events and angular distributions constrain Wilson
coefficients

% Various competing backgrounds must still be considered
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The Analysis

& Compute differential cross section from polarized beams for p*p~ — bs
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The Analysis

& Evaluate various sources of background at a collider, with cuts to reduce
them
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The Analysis

% Evaluate observables corresponding to various scenarios in v's, £
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The Analysis

& RG flow the coefficients to produce accurate benchmark values
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The Analysis

& Compute differential cross section from polarized beams for p =~ — bs

¢ Evaluate various sources of background at a collider, with cuts to reduce them
¢ Evaluate observables corresponding to various scenarios in /s, £

¢ RG flow the coefficients to produce accurate benchmark values

& Test scenarios for no NP, as well as NP described by the global best fit
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The Backeround
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& Irreducible one-loop »"u~ — bs ObogOp X fﬁ;? VisVis|? - (FormCalc)
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The Backeround

& Mis-tagged "~ — qq at tree- s ek
g8 Zq i

level
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The Backeround

< s By ]oop G2 m4oz2 2
& Irreducible one-loop u*u~ — bs S R 6 5287:3 Vi Vi | (FormCalc)

¢ Mis-tagged ;,+,~ — ¢¢ at tree-level U{;]g T Zq;ﬁt o(ptu~ — qq)

& Missing energy el = Gg Monte Carlo: MadGraph
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The Verdict

on
Sensitivity
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The Verdict

on
Sensitivity
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The Verdict

on
Sensitivity

- Evaluated at global best fit values

» Perturbative unitarity is safe: EFT has a natural cutoff
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The Verdict

on
Sensitivity
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Muon Collider: 10 TeV, 1 ab™!

Unpolarized Polarized

 Assuming Axe ~ Asm and O(1) .
couplings: Anp ~ 35 TeV B
‘ * Red: Joint Exclusion 05

* Purple: Forward Backward
Asymmetry Exclusion (charge
tagged)

N A
G N\
10
\\\  Green: Event Number Exclusion
0.0 0.5 1.0 1.5 _1515 1.0 0.5 0.0 0.5 1.0 1.5

* Dotted: B Decay Global Fit
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Muon Collider: 10 TeV, 10 ab™*

Unpolarized

 Red: Joint Exclusion

* Purple: Forward Backward

 Green: Event Number Exclusion Sl

* Dotted: Projections of B Decay

* Assuming unchanged central

Polarized

Asymmetry Exclusion

Global Fit

values through the HL-LHC era



No NP Scenario

A/TeV
& Allows us to probe much :

higher scales than the generic 120:, ]

expectation of 35 TeV i
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No NP Scenario

A/TeV
Allows us to probe much .

higher scales than the generic 120:, ]

expectation of 35 TeV i
100 -
Provides strong exclusions on i - _ - - [T Rare B decays: Current
heavy new physics associated 807 — — — - [ Rare B decays: High Lumi
with the B sector 60l _ - | 10 TeV Muon Collider: 1 ab™"

S — B 10 TeV Muon Collider: 10 ab™"
40 -

20
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Conclusion

& Muon colliders test various NP scenarios, including the lack thereof
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Conclusion

% Polarized beams provide complementary data
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Conclusion

& Muon colliders test various NP scenarios, including the lack thereof
% Polarized beams provide complementary data

¢ Adding muon collider data to global fits of B decays significantly
improves precision, even at 1/ab!
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Thank you for your attention!
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Event Numbers

* Considering events from both final states

* Error accounts for theoretical signal,
background, and considers systematic
uncertainty at the 2% level

independently

* Precision: 22%, 7% and 3% respectively

Niot = Npg + L X (1 —€5) o(upTu™ — bs)
Nbg =LX Zq:u,d,s,c,b 26(](1 T GQ) O-(ILL+:LL_ A q@)
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Unpolarized

6TeV,4ab~! 10TeV, 1ab=! 10TeV, 10ab~!
N 10050 +£ 220 1,740 £ 50 17,400 4 220
Npg 8670 £ 220 780 4 42 7,800 £ 200
Nsig 1380 £+ 310 960 £ 68 9,600 £+ 300

Polarized

6TeV, 4ab=! 10TeV, 1ab=! 10TeV, 10ab~!
Niot 7890 + 180 1,490 £ 50 14, 580 £ 190
Nog 6610 4 180 600 =+ 40 5,947 + 160
Naig 1280 + 250 890 £ 60 8905 £ 250
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Forward Backward Asymmetry

Fiboh: i F,bs F,sb
Nsig,obs NC Nsig 35 (1 % Eﬂ:) Nsig

Nsi N b
B,bs B,bs B,sb oS 1)(ﬁAFB ks AFgB)
Nsig,obs Tt Nsig < (1 _eﬂ:)Nsig

5"4(12‘%8 % ﬁ\/(Ngbs)Z(é‘N(ﬁ)s)Q T (Nc])?l)os)2(5Nfbs)2

We consider a charge tagging rate of 70%

* Ignore small corrections from mis-tagging S e R T S e S A S b
ﬂavor and Charge Unpolarized (22.7 ax 1.7)% (16.4 T 2.9)% (16.4 3 1.6)%

« Evaluate the observed asymmetry from the Polarizedss {1 naei gt e a8 (P =T 1) /0 e (B B L) 70
truth level asymmetries
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Final Results

& We may also observe the incredible increase in precision relative to the global fits

lab™!: ACP™V- = —0.81+0.03, ACIY- =0.12+0.08
TUREE TAES S s — = (RS EEEA (I A SN ) 4

VS

ANE SR = (RRIFE0:22° s N@T I E AR 0520
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RGE Running

1 S
ACH ~ ACH 1= —nml e :
Cy (myp) Cy ( { 08 ( m2 [Omss A\ ch 2mW = my
Q S Q 1
X o 2| (1—4spy)log | —
=i C [27T ( 2) i 16773‘24/ <0124/ i ) ( SW Og< 2Z>
1 m; s
C1o(mp) = ACT(Vs) [ 167TSW (C%/v e 2mW) 5 (m%)]

S & 1 3
+ 8058 [ os (7) + ey (g +2) (- ssboyios ()
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