Radiative B decays at LHCb
Status & prospective
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Leading (em dipole) operator in effective Hamiltonian :
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New physics affect the transition dynamics
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* Due to frigger rate constraint versus large photon- & i - 2
induced combinatorial, the radiative decays in LHCb 3 'F BRs=(28.9+1.0)x10¢'3
. . g soof- —
mostly rely on high pT photons : - N~16x104
« LO threshold in 2011(2012) : E-(y) > 2.5-3.0 GeV P 3
» Typical LO+HLT efficiency on rad. ~ 30-40% - E
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* For comparaison : (di)muon channel &,,,~80-90%
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* Mass resolution driven by calorimeter resolution : .
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+ For comparaison :
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* oy(B—hh) ~ 25 MeV/c? B0000E~ ™ - 5335 0016 BO - K 0]/
« ou(B—=J/yX) < 10 MeV/c? 70000 = Ny e, = 1630712304 w

* No constraint on vertexing from y + large photon

multiplicity + limited mass resolution :
* Large combinatorial background
* partially rec’ed and peaking backgrounds

BR,=(52.6+1.6)x10-6
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Events / ( 10 MeV/c? )

N~1.6x10°

— Tight selections have fo be applied
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Experimental issues with radiative @ LHCb

* Due to trigger rate constraint versus large photon-
induced combinatorial, the radiative decays in LHCb
mostly rely on high pT photons :

Events / ( 40 MeV/c?)

* LO threshold in 2011(2012) : E(y) > 2.5-3.0 GeV
* Typical LO+HLT efficiency on rad. ~ 30-40%

* For comparaison : (di)muon channel &,.,,~80-90%
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* Mass resolution driven by calorimeter resolution : 5 My, (MeVIC')
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« gy(B—=Xy) ~ 90 MeV/c?

* No constraint on vertexing from y + large photon

multiplicity + limited mass resolution
* Large combinatorial background
* partially rec'ed and peaking backgrounds
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» Branching fractions : o E

[HFAG, 2012] b E

BR(B*—K"y)=(4.33+0.15)x10-5 F ]

BR(B;—¢y) =(5.7"21,4)x10° m——l N E

° M(Kn) (MeV/c ) — )

« SM-predictions have large hadronic uncertainty S Y‘ — T
mostly canceling in the ratio : OH e g gt e

. [Ali, Pecjak, Greub, 2008] BT 5000 5500 6000

R=BR(K'%y)/BR(dy) = 1.0 % 0.2 = el . — :
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* LHCb result (1.0 fb! - 2011 data only) 2 o E

BB K*0n) [Nuclear Physics B, 867, 1-18 (2013)] | g a E

Y .

i I 1.23 + 0.06 (stat.) & 0.04 (syst.) = 0.10 (f,/f2) 60 -

B(BY = ¢vy) = (3.5+04) x 107° 20 -

M(K K'y) (MeV/c )‘
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Preliminary results on 0.37 b published in Phys. Rev. D 85, 112013 (2012) 3 ]
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Generic background contamination :

« Combinatorial background

 Partially reconstructed b—sy decays

« Partially reconstructed b—c (X+hhm)

« Specific peaking backgrounds :

 b-baryons A,—A*(Kp)y
* Charmless By .—~h*hn®
« Irreducible b—dy : B,—~K"y

No trivial side-bands shape
« Threshold effect due to different mass
resolution in trigger and offline analysis
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Branching fraction Relative contamination to

(x10°) B> K*%  B%— ¢y
A)— Ay unknown (1.0£0.3)% (0.4+0.3)%
BY— K*0y 1.26 +0.31 (theo. [20]) (0.8 £0.2)% O(107%)
B'— K+tr—n°  35.975% (exp. [4]) (05£0.1)% O(107%)
B’— K*r~7"  unknown (02+0.2)% O(107%)
B’— K*K-n°  unknown 0O(107%) (0.5+0.5)%
Bt — Kty 207 (exp. [4]) (33+1L1)% <6x107*
B'— Ktn—n% 4144 (exp. [4]) (45+£1.7% O(107%)
Bt — ¢K™y 3.5+ 0.6 (exp. [4]) 3x107* (1.8+£0.3)%
B — K*(¢)m°X  O(10%) [4] few% few%
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« Systematic uncertainty dominated by f./f,(+8%)

from Semi'lepToniC Bu,d,S_>D(S)|"|VX and hadronic BU,d,S, eD(s)h

« Background model (+2%)

Contamination level and shape

« Reconstruction and selection (x2%)

[Phys. Rev. D 85 (2012) 032008]

f. 0 =0.26770%

Trigger and selection efficiencies, Particle reconstruction & identification

systematical uncertainty

Tacc, 0.4%

I'recodesel. 1. 2%

TPID 1.2%

rtrigger 08%
Subtotal —2=er 2.0%

€ER0_, k*0.,

BT 1.0%

Background modelling 2%
Total 3%
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Previous best measurement : 4500 5000 8500 6000
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Remcomt Fromcoise=s sur La Phusique de= haoute

Acp(BO>K"%) - systematies

Acp(B’ - K*y) = Araw(B’ — K*y) — Ap(K7) — kAp(B)

LHCb

« K'm/Km* detection asymmetry
e(K n*)-e(K'm™)

From charm D%—Km large control sample Ap(Km) = cK ) reK) (-1.0£0.2)%
« B production asymmetry
R(B)-R(B)
— * A, (B)=—= =(1.0+£1.3)%
from large B—J/yK* sample .(B) R TRB) ( )

* Background model

Contamination level, shape & CP asymmetry in various background components

« Detector non-uniformity

Possible detector bias strongly reduced by switching regularly the magnet polarity

correction (%) uncertainty (%)

Detection . —Ap(K7m) +1.0 +0.2
B production . —kAp(BY) —04 +0.5
Background model : AAg, —0.2 +0.7
Magnet polarity : AA +0.1 +0.2
Total +0.5 +0.9
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 published results based on 1fb ! from 2011 data so far
*  b—ssy inneutral Bgy—Vy : br(B;—K*%)/br(B,—~dy) & Ay(By—>K*%)
® besv*(e"-e_) GT lOW q2 . BR(BdeK*oee)‘go‘Meedooo
First step tfoward y*(—ee) polarisation study

« Results demonstrate the LHCb ability to perform ‘calorimetric’ physics
« exciting prospects for new observations and CP violation studies in modes with
photons (and neutral pions)

« LHCb collected additional ~2fbtin 2012 : new radiative decays under prospects
* b-=sy incharged modes : B*—(K*h-h*)y
« direct Apin B*—K*Omy , B*=dK*y
«  photon polarisation from B*—K;*y analysis

« b-=syin baryons decays : A, =A*(—pK)y
*  Branching Ratio measurement

« suppressed b—dy: BO—pO(—mm)y , B*—aq;" (—=mm )y
*  Branching Ratio measurement
*  Agpin B—(mmm)y

* By —=p(=KK)y
« Effective B,—~oy lifetime
«  Photon polarization from time-dependent decay rate
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« Investigating the photon helicity structure in BO—f¢Py
* Right-handed photon in b—qy is suppressed by (m,/m,) within SM

« Time-dependent decay rate is sensitive to photon helicity

(-)
[(B, ~ ") =A™ [cosh(AT, 212 +inh(Aqu/2) x C, cos(Am, ) S, sin(Am, )]

ASA ~ sin(2y)

D C
- |A(§q = £y
|AB, = y,)

= B. —=®(K*K")y is a promising channel for the extraction of sin(2V¥)
= First step will be an untagged effective lifetime measurement

Iy (7) |.»al|2 e [cosh(AI“sf /2)— A*sinh(AT,7/ 2)] = |A|2 e,“ra_.—m’

__freo- s, {1A+}
T ®.@- n)de 1yl 1+ AY,

11 Main issue is the extraction of the proper-time acceptance and bias



pemgime 2 : 1
=266 Avril 201, Armnmec

« Investigating the photon helicity structure in B*—K* . .(h;h,h;)y decay

[E. Kou hep-ex/1011.6593]
[Gronau et al., hep-ph/0107254 (2002)

o [253bedy ) K

dl’

=F(J (8:5.:),A ,c0sO
ds,,ds,.d cos© (u(S1352): 4, )

 Angular analysis
* Helicity amplitudes J, from Dalitz analysis
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« Investigating the photon helicity structure in B*—K* . .(h;h,h;)y decay (con't)

Up-down asymmetry :

fﬂ/z d—chosé—f:/2 dgol;édcosé

- for illustration only
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LHCb unofficial- 2=2fb-!
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Main issue is to isolate single resonance
Integrated asymmetry difficult to interpret .t
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V.4 suppressed penguin

[HFAG, 2012]

BR(BO—p%y)=(8.621.5)x10"7

Branching ratio & asymmetry of exclusive b—(d,s)y

modes provide a direct constraint on UT

15 UL L ' T 17T LIS L B
: excluded area has CL>0.95 | :
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LHCb Ba&; n&q

First observation

LHCb unofficial- <=3fb-! - for illustration only

~ T
9 :u\-us=340.7i'1.6
2 S00F, = 52888+ 28 -
B ERLE: (s e ' E
N ZSOE-N)\:M\1‘{=2439174 A 120 *<_- A*0(1520) E
o —F - 100 =
£ 200F \ ' .
¢ / ‘g soF HHH E
W 1s0f- : 60 'H.H i | r
l \ s 1 'y ++-} =
100:- ;" : 1) ™ Al ..'| 205_.|.+ +++++++ + +++ _E
sofed? LIE < ST 4 ++++4++++~I
ﬁ j-mm.....,,,,,_ ;;{ S0 200 2500
) e i N MpK (MeV/c?)
My (MeVlcz)

15 4500 5000 5500 6000



World best measurements in radiative Vy decays ...

[Nuclear Physics B, 867, 1-18 (2013)] —

=1.31x0.07(stat) £0.04(syst) =0.10(f, / f,)

B(B, = ®y)=(3.3x0.3)-107
A (B — K %) =0.008+0.017(stat) = 0.009(syst)

.. consistent with SM expectation

Other radiative B decays and photon polarization
being investigated with 2012 data
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