HEAVY NEW PHYSICS
IN b — svv

W. Altmannshofer, S.A.G, K. Toner
arXiv: 2406.XxxxxxX

Aditya Gadam

DPF-Pheno 2024



Rare b-decaysin b — sy : Motivation

Theoretical Experimental

(0]

GIM and CKM suppression makes these
decays of b quarks rare

o

Sensitive probes of New Physics (NP)




Rare b-decaysin b — sy : Motivation

Theoretical Experimental

o Cleaner theoretical predictions than
for b — sfT4~




Rare b-decaysin b — sy : Motivation

Theoretical Experimental

o Complementary NP information to the
above and clean ratios of branching
fractions




Rare b-decaysin b — syv: Motivation

Theoretical Experimental

(0]

GIM and CKM suppression makes these o Good missing energy detection
decays of b quarks rare

O

Sensitive probes of New Physics (NP)

(0]

Cleaner theoretical predictions than
for b — sfti~

O

Complementary NP information to the
above and clean ratios of branching
fractions




Rare b-decaysin b — sy : Motivation

Theoretical Experimental

(0]

GIM and CKM suppression makes these o

decays of b quarks rare o Future e e~ colldiers = excellent probe:

Sensitive probes of New Physics (NP) 1012 Z events at the Z polel!

(0]

(0]

Cleaner theoretical predictions than
for b — st 4~

(0]

Complementary NP information to the
above and clean ratios of branching
fractions

I1Alimena et al.: 2203.05502




Rare b-decaysin b — syv: Motivation

Theoretical Experimental

(0]

GIM and CKM suppression makes these o
decays of b quarks rare

O

Sensitive probes of New Physics (NP)

(0]

Cleaner theoretical predictions than

i meson decays
for b — st/

O

Complementary NP information to the
above and clean ratios of branching
fractions

o Currently only weakly probed through

I1Alimena et al.: 2203.05502




Rareb-decaysin b —

(0]

O

(0]

O

Theoretical

GIM and CKM suppression makes these
decays of b quarks rare

Sensitive probes of New Physics (NP)

Cleaner theoretical predictions than
for b — st 4~

Complementary NP information to the
above and clean ratios of branching
fractions

sy . Motivation

Experimental

o No polarization - chiral information is

yet to be probed

I1Alimena et al.: 2203.05502




Rare b-decaysin b — syv: Motivation

Theoretical Experimental

(0]

GIM and CKM suppression makes these o Good missing energy detection

decays of b quarksrare o Future e”e colldiers = excellent probe:

O

Sensitive probes of New Physics (NP) 1012 Z events at the Z polet!

o Currently only weakly probed through
meson decays

(0]

Cleaner theoretical predictions than

+ B
for b — s{™/ o No polarization - chiral information is

yetto be probed

O

Complementary NP information to the
o Polarization can be measured - passes to

above and clean ratios of branching formionic children

fractions

I1Alimena et al.: 2203.05502




YYy

R[]

COHClUSiOH: Soap from Friend!
bud to sud

 Polarization
measurements have been
made! and will improve

« No current bounds

« Conditioned on
cos ) = Py - Sp,

1Buskulic et al.: 10.1016/0370-2693(95)01433-0
2Amhis, Kenzie, Reboud, Wiederhold: 2309.11353
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o Compute double differential decay rate of the Standard Model process

o Polarized initial state (sample fraction)
o Correlate initial spin and A momentum
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Compute double differential decay rate of the Standarg Mogiel process
Nl —N

o Polarized initial state (sample fraction) Pp, = —zb—1b
’ Ny b +N§ b

o Correlate initial spin and A momentum

Produce observables in different frames

dBR(Ap—Avv) _ dBR(Ay—Avwp) (1 0
dg?dcos Oy dg? 2 T AFB CoE HA

Propagate input uncertainties: prediction uncertainty (simulation)
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Compute an NP double differential decay rate:

Heft = —%ﬁ {ZthQ(CL(5’7”PLb)(D’YMPLV)JFCR(gV“PRb)(D%PLV)> +h.c.

Evaluate the bound on Cr 1,
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Observables
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Observed: EA distribution
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Observed: Channel Decay Rate, Arp
Assumption: Pa, axis reconstruction

Momentum gives us the spin
quantization axis for Anpg

Reconstruction uncertainty and
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Hadronic M: non-perturbative
Form factors! approximate M
Depends on di-neutrino mass

o ¢ = (pa, —Pa)°
Only vector and axial elements used

o Couples to neutrinos - scalar and tensor
elements ignored

Detmold, Meinel: 1602.01399
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Uncertainties in the sM Prediction
BR(Ay — Avi)gy = (7.71 £1.06) x 107°

Form Factors
o Second order expansion higher order EW
L higher order QCD
CKM Uncertainties
o Dominated by Vs T, form factors
o Unitarity used to obtain tree-level m,
determinations y

Top mass, higher order QCD and EW
enter through the SM value of C7}

Uncertainty in the lifetime propagates

|Vub|

into the branching fraction

1Brod, Gorbahn, Stamou: 1009.0947
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New Physics sensitivity

o Interpretation:

o Green: Branching Ratio Constraints
° 10, 20 contours displayed

o Dashed: Arpg = 0%, £1%
o Pp, = —0.4

v,NP

o Combines experimental uncertainty
projections with theory error

o Apgand branching ratio offer great
complementarity
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Cconclusion Outlook

Future e e~ colliders provide excellent o Initial energy distribution: Pythia

prospects for NP detectionvia Ay, — Avv > Background analysis

Polarization measurements offer o Y, etc.

LESLEIAL IRIC Eliirel snJeivine o Dark final states masquerade as J;

This information can be probed in the o Effect on observables - DM structure
lab frame as well o Interesting mass/coupling enhancements
(dueto FFEs as well)

Currently unprobed: a trove of
o Meson decays: current/future data

information!
«cB—- K" vy, B, — ¢vv
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