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Radiative b-hadron decays

* On the theory side
»FCNC is strongly suppressed by the Standard Model (SM)

> Sensitive to indirect effects of New Physics (NP) v
> Access to test couplings to 34 generation quarks , ‘
* On the measurement side g W g

> Search for the unobserved decays
-> measurement of branching fraction/upper limit

» Amplitude study for the multibody decays
-> hadron spectrum at photon pole @
-> photon polarisation
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LHCb: A flavour physics detector with high luminosity

Int. J. Mod. Phys. A30, 1530022(2015)

CERN-LHCC-2003-030
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» Forward spectrometer, focusing on
bb production
» Performance
e.tracking"'96(%)

- ECAL resolution: 1% +
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EM energy/PID
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.052002
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Searching for the unobserved decays
B - utu~y: arxiv.2404.03375



https://arxiv.org/abs/2404.03375

Searching for By —» u*u~y decay

arxiv.2404.03375

* By > utuTy vs. B - utyu”
Sensitive to a different set of Wilson coefficients: (C,, Cq, C10) VS (Cs, Cp, C10)
© The photon lifts the helicity suppression making Br(BY — u*u=)~Br(BS - utu~y)
S Larger theoretical uncertainties -> B? —» y form factor

Worse mass resolution due to the photon reconstruction
PRL128(2022)041801
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https://link.springer.com/article/10.1007/JHEP11(2017)184
https://arxiv.org/abs/2404.03375
https://doi.org/10.1103/PhysRevLett.128.041801
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Searching for Bs — u*u~y decay

- Strategy
-« 2016-2018 data (5.4b™ 1)

* Searching in 3 g* regions (¢-vetoed bin I is also studied) _ ) _ .
- Control channel: B® - ¢(KK)y Mass fit of By = puuy in all g“ regions
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https://arxiv.org/abs/2404.03375

Searching for By —» u*u~y decay

arxiv.2404.03375

« Results B(B?— p ) < 3.6(4.2) x 10°°
. . B(B? = "y < 6.5(7.7) x 1078

- 0 2
First dlrec.'r sear'c.:h c.>f. B - /jtuy aT low ¢ BUBO -5 10t i < 3.4(4.2) x 10-°
* No statistically significant signal is B(B? = p 1)1, with 6 veto < 2.9 (3.4) x 1078

observed in all g* regions

_ . B(B? = 1117 comp. < 2.5(2.8) x 1077,
e Constrain in the theoretical context

i O T
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* Direct search is more sensitive to the &
i _Ihl_ oS tSSBiHSE*VMD E

full q* spectrum

dB(Bl—u*u-y)/dq? [GeV ]
=

o [ | ]
1010 _;
*Run3 data will improve the sensitivity

of the search
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https://arxiv.org/abs/2404.03375
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Amplitude analyses of the multibody
decays

Ay » pK™y: arxiv.2403.03710
BSQ — KK]/ LHCb-paper-2024-002 (in preparation)



http://arxiv.org/abs/2403.03710

Amplitude analysis of A, - pK™y

« The A, — pKy provides information about the
composition of the pK~spectrum with unique =
access to the heavier A states.

* Could constitute useful input to future measurements of
photon polarization in b — sy

* Vital input to low energy-QCD (light baryon) theory

« Strategy
« Using full Runl and Run2 data

Weighted candidates / [0.0075 GeV*/c"]

* Building amplitude model with helicity formalism = =
* Performing unbinned maximum likelihood fit to the Dalitz e -
272 . 2 £

15 &
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2024/5/30 Yingrui Hou - Radiative b-hadron decays at LHCb


http://arxiv.org/abs/2403.03710

Amplitude analysis of A, - pK™y

* The default fit model
« All known A states + a nonresonant contribution (J© = % )
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2024/5/30 Yingrui Hou - Radiative b-hadron decays at LHCb 10


http://arxiv.org/abs/2403.03710

Amplitude analysis of A, = pK™y

arxiv.2403.03710

* Results are given in terms of fit
and interference fractions

* The largest resonant contributions
are A(1800),A(1600),A(1890) and
A(1520)

« Compared to A, = J/YpK
« Contributions of A(1405) , A(1810) are of

(Interference) Fit Fraction [%]
ot

N N N N B total systematic uncertainty
Sma”er" Wh”e COhTf‘lbUTth Of A(1820) S i || o;crernal syst. 1111:. (A parameters)
l Gr'ger' 5 feees ; internal syst. unc.
: result with statistical uncertainty
 Heavy resonances A(1890), A(2100), [, :
A(2110) and A(2350) are larger in the EeEE: A 000
radiative case S============

* Future measurements and data will
improve the precision
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http://arxiv.org/abs/2403.03710

Amplitude analysis of B - KKy

* One of the golden channels of b — sy transition

 Dominated by a virtual infermediate top quark
coupled to a W boson

* Photon polarisation in B — ¢y has been measured by >
LHCb

« ~1.5 — 20 compatibility with the SM e
* Possible new radiative decay modes with KK & 140F 1 + . LHCb 3
resonance? g 1205 .]T+ T tagged By — ¢y _:
* STFGTQQY T\;“ 100 11 _iL_l, + Data —E
* Full Runl and Run2 data 3 s0f 1 .H. Fit -
* Building amplitude with isobar model in the folded 2 b | E
helicity semi-plane (mgg, | cos Ok |) SHN: +1.T§PRL123(2019)081802)§
* Decay rate asymmetry of Bs is neglected . .. £
* Mass resolution is included N A e -2 SO

2 4 6 8 10
t [ps]
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https://inspirehep.net/literature/1735188

Amplitude analysis of B - KKy

KK states are well-established with large AlnL gain and isobar
significance

*Nonresonant state: P-wave (17~ ), uniformly in mass with constant
phase

- Several distinct tensor states give similar significances.

State  JPC Ur (MeV/c?) Cx (MeV) Brrx- (%) || |er| (x10) (X|2(,-R,|) Alnl
$(1020) 17 || 1019.461£0.016 | 4.249+0.013 | 49.2+0.5 10 (fix)
f5(1525)  27F 1517.4%2.5 86+ 5 438+1.1 |[416+0.09 (2270) | -
$(1680) 1~ 1689 + 12 ) 211+24 ™) seen 2.40+0.15 (266) | +304
f2(1270) 2+ 1275.5+ 0.8 186.6 *22 | 230 T92> || 1.07+0.17  (41) | +18
$3(1850) 37~ 1854+ 7 87 128 seen 0.61+0.16 (14) | +15
f2(2010) 2+ 2011 T52 202 57 seen 0.74+0.18  (16) | +13
(KK)xe 1 - - 0.79+0.26  (10) | +17
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Amplitude analysis of B - KKy

LHCb-paper-2024-002

* Several quasi-degenerate solutions with similar ALL
» Weakly constrained interference pattern

*Preferred solution is with the smallest fit-fractions and
constructive interferences of the individual states

I-é 10 E 1 ' I ! ’ ! ’ I ’ ! ! ' E I-é 50 _—' 7T rrrrrrrrrorrr |—_
= JF \ 4 preliminary |- 4, E =2 [ preliminary - A, :
3 5 - B E 40 e B ¥
TE b 0 3 _ 0
6F E 30F .. N
sE 2** system F i v 17 system | 1
= = - 1 A
4F E 20 \ i
3E = i . $
2B N e = 10f %, é
1 = e = - 'q‘ ",’
- = B “\ »
] ot 0 [ | . 1eY . I
L 3.5 4 4.5 5 4 5 6
| CP2(1525)|X10 | Coc1680| %10
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Amplitude analysis of B - KKy

e Best fit
» Signal yield: (44.4 £+ 0.5) x 10°

 The overall tensor states (f3) fit-
fraction is

B(BY — fyv)
B(B? — ¢)

* Mass and width of f,(1525) are
measured in good agreement with
current world average and
measurements

= 0.194139% (stat) 9903 (syst) + 0.005 (BR)

LHCb-paper-2024-002
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Conclusions

*New results from LHCb

*First direct search of B, » u"u~y ( )
* Amplitudes of A, > pK~y and B, - K"K~y ( )
* The precision and sensitivity of the LHCb radiative decay

measurements can be improved with Run3 data and results
from other experiments

*More results from Runl and Run2 data are undergoing
* CPV and branching fraction measurements, amplitude analyses...

Stay tuned for the coming results!
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BACKUP




* Mass fit to the control channel and normalization channel data.

Candidates / (34 MeV/c?)
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Bs — uuy

*CL scans in different g regions
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Weighted candidates / (21 MeV /c?)
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interf. (1/2)~ A(1600)
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interf. (5/2)" — A(1690)
A(1405) —  A(1800)
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Ap = pKy

* Fit and interference fractions

Observable Value oy Jéﬁg'imal Jse;f;f“ml Tsyst . . ;
% A(1405), A(1670) | —0.7 ‘o3| o2 fpR fes
/1(1405) 3.5 +0.3 +0.9 +1.3 +1.9 : '
A(1520) 104 55 100 16 1% ( ) ( ) ' —0.8 —2.0 —35 —4.6
A(1600) 156 oo 5 St +0.5 +0.3 +0.6  +0.5
A(1670) 13 02 +0.3 +12 413 (1520) (1690) 0.5 —0.3 —0.9 —2.6 —-3.0
coohzp 02 03 0.2 n/ +0.4 +1.0 +1.6  +2.1
A(1690) el Ry s A(1520), NR(327) | —0.6 0 gy 0.6 —32 30
A(1800) 183 | o tes til +1.5 +1.3 +4.1 +3.9
. 40, 0 £19 41 0.5 0.4 1.5 1.5
A(1820) 8.3 ﬁ E EE ig A(1670), A(1800) | —4.8 T 0.6 50 o
A(1830) 0.3 “pi4 0.5 09 0.9 ol . +0.4 +0.1 +1.2  +0.3
A(1890) 12 el tee e e A(1690), NR(3/27) 3.9 04 —3.0 —2.7  —4.7
Az100) ot S A(s20),A(2110) | 11 0T 02 A28 1Y
A(2110) 65 07| Too oo Tod
A(2350) Lo 10 S0 Soe Tl
NR(3/2") PR o A R & S
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