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THE DECAY B° — uu~

» Helicity Suppressed m
. . e 0 + - 4
* Pseudoscalar — Lepton pair spin flip A(BS — L ) X ( )
« Standard Model amplitude is small mpQ
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THE DECAY B) — p u~

» Helicity Suppressed My
. . e 0 + - 14

« Pseudoscalar — Lepton pair spin flip A(B, = p ) o ( )
« Standard Model amplitude is small mpQ

 The SM prediction is very clean

Br( B - putp sy = (32402) x107°
 A.J.Buras, Phys. Lett. B566(2003) 115

Br( B = ptp sy = (3.334£021) %1077
* Golowich, Hewett, Pakvasa, Petrov, Yeghiyan, Phys.Rev.D83(2011):114017
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THE DECAY B) — p u~

» Helicity Suppressed m
. . e 0 + - 4
* Pseudoscalar — Lepton pair spin flip A(BS — L ) X ( )
« Standard Model amplitude is small mpQ

 The SM prediction is very clean

Br( B - putp sy = (32402) x107°
 A.J.Buras, Phys. Lett. B566(2003) 115

Br( B - pfp)sy = (3.33£0.21) x 1077
* Golowich, Hewett, Pakvasa, Petrov, Yeghiyan, Phys.Rev.D83(2011):114017
o Current Experimental Upper Limits (95%C.L.)
Br(BY — u ™ po < 51x107°
BI(B? — IL+IL_)ATLAS < 2.2 X 10_8
BI‘(B? — /L+u_ )CDFH < 4.0 X 10_8
Br(B? = "y Vems < T.7x 1077
0 4 -9
BI’(BS — )LHC’b < 4.5 x 10
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THE DECAY B) — p u~

o Suppressed SM = Excellent probe of New Physics

« Additional final state particle lifts the suppression.
« Can carry away angular momentum

» SM contributions from soft photons may be a large source of
systematic uncertainty

Br(BY = i )esp = Br(BY = pi" 7)o (14 Ry,)
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THE DECAY B) — p u~

Suppressed SM = Excellent probe of New Physics

« Additional final state particle lifts the suppression.
« Can carry away angular momentum

SM contributions from soft photons may be a large source of
systematic uncertainty

Br(BY = i )esp = Br(BY = pi" 7)o (14 Ry,)
»  Previous work on B? — utpy

Model dependent form factors

Final Di-Muon Signal Windows
 Photon Energy Cuts
« Near our region of interest DO : (5.0(GeV)< myy < 5.8(GeV)) = E,,,, = 350 (MeV)
ATLAS : (5.1(GeV)< m,,, < 5.7(GeV)) = E,_, ~ 300 (MeV)
e Our calculation: CDF : (5.3(GeV)< m,, < 5.4(GeV)) = E,_,, ~ 60 (MeV)
* Focus on soft region CMS : (5.3(GeV)< m,, < 5.4(GeV)) = E,,, ~ 60 (MeV)
* Model independent (where we can) | ey : (5.3(GeV)< my, < 5.4(GeV)) — E..,, ~ 60 (MeV)
* Expand in powers of 1/M + Chiral
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CHIRAL + 1/M EXPANSION

Bremsstrahlung

115

Vector Resonance

$(1020)

Vector Resonance

0
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\_ /

b A

KRISTOPHER J. HEALEY — WAYNE STATE UNIVERSITY -



CHIRAL + 1/M EXPANSION

Chiral L.O.
Bremsstrahlung =’§ =é

Vector Resonance

\ u@

¢(1020)
Chiral 1-Loop
Vector Resonance ) *g 5 : L :
B
S

KRISTOPHER J. HEALEY — WAYNE STATE UNIVERSITY -



CHIRAL + 1/M EXPANSION

Chiral L.O.

Bremsstrahlung =’§ =é
Vector Resonance
¢(1020)

\ u@

Chiral 1-Loop
\\ J, \\ P
Vector Resonance %‘ : -~ : \/
By t AN
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EFFECTIVE WEAK B-S TRANSITION

The (bs) FCNC is at 1-loop in SM (penguin + box)
« Weak transition can be expanded in terms of effecti  ve operators:

b

e
Ko<

Moy = TE ViV 2 Ci(p)Oi(p)

G
Hiosy = \/ththsfg 51 Crry (1 ?) - 50" (14 75)b - Fu
Hyon = CEV 1—ys)b- 7 |Cel? C ¢
b—sbl — \/— tb t.98 2 9,.)/ ( _de) €|: 9V (#’ q )’Y,u. + ]()A(Ju‘ )’Y,uf)’):|
- 22‘mbC7’Y(u )Q'u sa"(1+v5)b- €7;L€:|
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EFFECTIVE WEAK B-S TRANSITION

The (bs) FCNC is at 1-loop in SM (penguin + box)
« Weak transition can be expanded in terms of effecti  ve operators:

Moy = TE ViV 2 Ci(p)Oi(p)
b

>/\Am Hyssy = %V},bvtség 5 Cry (1 2) - 50" (1 + v5)b- F,
S
b b Hy e = CEV Ve 1 off
>< + >:A/\N< b—ssll = NG thVisg 2[ “1=5)b-0 [qu (1, q )’Y,u-l-CwA(N )’Y,u,f)’):| t
s s - 077(”2) /.
2

— 2imy, Gy - 8" (1 + v5)b - 4%/“4

(01(5.7"6)| B2) = & Ms, [0

(0|(501 (1 4 7v5)b) | BY) = Mp fp,[ie" *Pvang + vin” — v"n]

Heavy Meson Chiral Perturbation Theory
to parameterize the (bs) quark bilinears:
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EFFECTIVE WEAK B-S TRANSITION

The (bs) FCNC is at 1-loop in SM (penguin + box)

« Weak transition can be expanded in terms of effecti  ve operators:

Moy = TE ViV 2 Ci(p)Oi(p)
b

Gr o
>Mm Hpssy = \/ﬁvthtSS —mpCry (1 2) - 50" (1 + v5)b- F,
S
b b GF
>< N >:Am~< Hipsie = waV{; & 2[ “1=5)b-0 [CS{? (1 @)y + Croa(p” )’m,}ﬂ
s s

Cry (17)
2

— 2imy, Gy - 8" (1 + v5)b - E%E}

5. ~H K _ 1 I
Heavy Meson Chiral Perturbation Theory (01(529"02)|B;) = 5 M. f5.n
to parameterize the (bs) quark bilinears:

(0|(501 (1 4 7v5)b) | BY) = Mp fp,[ie" *Pvang + vin” — v"n]

Heavy Mesons Light Pseudoscalar Mesons 70
HMXpT 1 PR
Ha _; 7/(.8* - Ba’)/5) é - eXp(ZH/f) 11 = T _7r_2 + % KO
K- 7 2,
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HEAVY VECTOR RESONANCE

Expansion (Leading Order): { (;v)
Ax

P PIe!
% .. = — Mp,p- ‘9 M p. -
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HEAVY VECTOR RESONANCE

Dr
Ay

Expansion (Leading Order): { (M)

B B” — MB —B*y _ig#a M +
0 p— s 3 B* —
§ / 2(v -k +A) e
MBS—>B;7 = —iwn;vﬁkpe,’ié’““’"‘ﬁ Matrix Element : Transition Magnetic Moment
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HEAVY VECTOR RESONANCE

Dr
Ay

Expansion (Leading Order): { ()

M —g™ M
B} ” By — Bs—B*y B+ T
§ / 2(v -k +A) e
MBS—>B;7 = —iwn;vﬁkpe,’ié’““’"‘ﬁ Matrix Element : Transition Magnetic Moment
Described by the effective b-s Weak Transition: HYFP = %Wb‘éﬁ S Ci(p)0i(p)  <—
Gp e?

MB;‘—er,u— = \/—th tsg 2fB mp, [77” (Pu+)[097 + Crov* ’Yo]’U(Pp ) —

CT _ . v v v
meq_Q(U(pu+)'7uU(pu‘))QV(ZGH 37}6!776"'"””77 —0'n")]

Parameterized in terms of the decay constant
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HEAVY VECTOR RESONANCE

Dr
Ay

Expansion (Leading Order): { (M)

= § = < =g lleff E;iua,()’k'#f*ypa(Cv(q2)[‘€' + CA(qQ)Li)

3 f— —f'\f“g I 3 — _ﬁ'-sﬁ/ I
LV = g / [ LA — E / ,r5€
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HEAVY VECTOR RESONANCE

1 0
Lo (in,)
Heavy quark contribution: { e
U‘ § ) = 1€ fleff E,tu/a.Sk#EWpa(CV (QQ)Lf + 04(q2)Li)
/ =0t L=t
1
I’Leff o 3my,

 Note on 1/M
e Don’'t know the 1/M behavior of Heff

v

Coupling to the Heavy Quark

o= 95 o h
QmQ
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HEAVY VECTOR RESONANCE

Light DOF Contribution : { (1)

Dr
Ay

B‘ § - < = i€ fleff Emapk?e”D* (Cv () LY + Ca(q®) L)
ur 3 = 84 3 7 )
/ LI/, _ ,g"",’jé L‘4 — ’,.\!3/\;/56

v

Coupling to the Light Quark

Ls %T?‘(H Hyo" F,,Q%)
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HEAVY VECTOR RESONANCE

Dr
Ay

Light DOF : Chiral 1- Loop: { (i)

8 p~Bp B8 — —ﬂ'-sﬁ/ '
LV = E"",’ ¢ LA — E Y ,r5€

= § = < =g lleff E;iua,()’k'#f*ypa(Cv(q2)[‘€' + CA(qQ)Li)

_ 1 1 2
Heff = ~3my — 30+ 97112

l

Chiral Loop Contributions

Leading Contribution : ' _,,5 <

2

, ’ :
\-_’
A s :
'\‘-_’
A ’ :
\‘._’
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HEAVY VECTOR RESONANCE

) 1 2
HMXxPT coupling constants: Heff — —% — 5 + 9 4’;1%(
e Use experimental D decays.
. ; 2 1 5 My
aMps hegslD™ = D) = g = 38+ 9 o
D(D} = Dgy) = wrrtlpess K .
3 M Dg —— 0 2 2 o Mg , $hix
Hers\D” = Dl = 3+ 3P =9 4o =9 a2
(D™ = D'*) = 5 |p. 2
[A G f2
I D*O - D[) 0 ) 3
( = 1,“ f_ 5 |1Px [
0.52 < g < 0.66

20GeV ™ < 3<41GeV ™
0.19GeV ™" < pess(BF — Byy) < 0.53GeV ™!
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LIGHT VECTOR RESONANCE

Light Vector Resonance Pole Diagrams:  ¢(1020)

\/ A(B® = pji — pjins) = A(B® = pfid) x 2 x A(d — )
Y AANAS mg

Leading Contribution

<

Subleading Contribution (1/M)
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LIGHT VECTOR RESONANCE

Light Vector Resonance Pole Diagrams:  ¢(1020)

\/ A(B? — pfi¢ — pjiry,) = A(BY = pjid) x 2 x A(¢ — 7,)
Y AAAANS Mg
Leading Contribution l

ir

Subleading Contribution (1/M)

% < A“(é%ws)zéefcf,m(ﬁe;
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LIGHT VECTOR RESONANCE

Light Vector Resonance Pole Diagrams:  ¢(1020)

0 . - 0 . 9
\/ A(B{ — pfip — pjirys) = A(Bg — pjid) x 75 x A(p — 7s)
2 AAMNS Mg
Leading Contribution Couple HMxPT to Light
Vector Resonances
o w - -+
% < ) stmo oK
. Yyv 0
‘O#EZE p_ —%-F%K*O
Subleading Contribution (1/M) K K*O §Z5

]

LY, =ia; {g""‘g”ﬁ - 56‘“’"‘5’ } (vsHy [Ya(ps — Vo)be — V8(Pa — Va)bel €la)
First order in 1/M and derivitaves.

Lﬁba = (75Hb(n0‘u - Vli)bfigicL)

Next Step : Bremsstrahlung
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BREMSSTRAHLUNG

Bremsstrahlung
* Photon is emitted from final state leptons

* Creates an IR divergence
* Interferes with our region of interest

* IR divergence cancelled by 1-Loop QED Corrections to Bg — ;ﬁu‘
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BREMSSTRAHLUNG

Bremsstrahlung
* Photon is emitted from final state leptons

* Creates an IR divergence
* Interferes with our region of interest

* IR divergence cancelled by 1-Loop QED Corrections to Bg — ;ﬁu‘

TREE
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BREMSSTRAHLUNG

Bremsstrahlung
* Photon is emitted from final state leptons

* Creates an IR divergence
* Interferes with our region of interest

* IR divergence cancelled by 1-Loop QED Corrections to Bg — ;ﬁu‘

TREE 1-LOOP

S/
T

+

RN
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RESULTS

Preliminary Results (Without 1-Loop QED Corrections )
* Use Lower Energy cut of 10 MeV

Br(Bg — ,uﬁ;‘)em = Br(BS — e (14 R.)

: Upper & Lower
: limits on flef s
0.20} ] ] [ L
[ [ ]
- I
R 0.15¢ i
Ys | :
0.0}
0.0s|
0.00}
0 100 200 300 400 500 600

E»y cut (I\IGV)

KRISTOPHER J. HEALEY — WAYNE STATE UNIVERSITY -

11



RESULTS

Preliminary Results (Without 1-Loop QED Corrections )

* Use Lower Energy cut of 10 MeV
Br(By = w1 )eap = Br(By = ' p7)sa (1+ Ry,)

CDFIl, CMS, LHCb ATLAS DO
— ~
0.25F T — ¢ T — - q
: Upper & Lower
[ ] ‘ limits on flef s
18% ! | | ] -
16% . [
. ;
0.15} i
R/S : b |
3% 0.10_-
0.05'-
0.00} _ . _ J . ‘ .
0 100 200 300 400 500 600
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CONCLUSIONS

Br(BY — pt i ey = Br(BY = ' )sm (1+ Ry,)

« Soft photons that are not discernable by detectors can amplify SM
contributions to the  B? — ;"™ 2cay width

* Depending on experimental photon cuts the contribution R, can be large.
 CDFII, CMS, LHCb ~ 8%
 ATLAS, DO > 15%

Thank You.
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