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Introduction

B physics observables are essential in the search for new physics
B factories: important results in particular for inclusive b — s transitions

LHC:
o First observation of Bs — p' ™
@ Another important decay: B — K*u ™

— large variety of experimentally accessible observables using angular
distributions

— complementary information

— issue of hadronic uncertainties in exclusive modes
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BR(Bs — utp™)

Relevant operators:
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Largest contributions in SM from a Z penguin top loop (75%) and a W box diagram (24%)

4 ’(Coz — Ch,) +2(Cro — Clo) -
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BR(Bs — utp™)

Relevant operators:

W H

2
e _ - wet Wb "
O10 = ﬁ(s'yubL)M'ﬁt'ﬁE) ‘}rﬂﬁl]< et ,

%= i ) ,‘ ——
Q=1 2(5Z’bR)(€st) L N _
4m?2
BR(Bs — utp™) = 64773 f2 TBSmB [Vip VEI?4 /1 — Tf:

m
D

Largest contributions in SM from a Z penguin top loop (75%) and a W box diagram (24%)

2
+|(Cas = Chy) +2(Cro — Clo) e

First experimental evidence:

BR(Bs — ™) = (3.2F 1% (stat) g5 (syst)) x 107°
LHCb, Phys. Rev. Lett. 110 (2013) 021801
Combined LHCb/CMS result: BR(Bs — " pu~) = (2.9 4+ 0.7) x 107°

CMS PAS BPH-13-007, LHCb-CONF-2013-012

— Measurement consistent with the SM prediction!
— Crucial to have a clear estimation of the uncertainties!
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BR(Bs — utp™)

In the large tan g region, the largest contribution to Cq, and Cg,
comes from the chargino-stop loops:

tan® m? mym
5 £ f(Xf,u)

Co, = —Co, =~ —A —
@ R poe (1+ep tan 8)2 m? 4sin® Oy M2, M3

where
_ 27,2
Xfy, = mx /lu’
m;: geometric average of the two stop masses
X X

f(x)= Tx - Inx

Since f(x) > 0 the sign of Cg, is opposite to that of the ©A; term
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B — K*ptu~ — Angular distributions

Angular distributions K-
The full angular distribution of the decay l“\% B \*&\

B® — K*%¢t0~ (K™ — K~ ") is completely \
described by four independent kinematic variables: " +

g* (dilepton invariant mass squared), 6;, Ox+, ¢
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B — K*ptu~ — Angular distributions

Angular distributions K-
The full angular distribution of the decay l“\% B \;ﬁ

B® — K*%¢t0~ (K™ — K~ ") is completely \
described by four independent kinematic variables: " +
g* (dilepton invariant mass squared), 6;, Ox+, ¢ ;
Differential decay distribution:
d*r _ 9
dg? dcosf, dcosbx-dp ~— 32w
J(q23 955 GK* ) ¢) = Zi J’(qz) f;(9[7 QK* ) ¢)
™ angular coefficients J;_g

™ functions of the spin amplitudes Ao, Ay, AL, At, and As
Spin amplitudes: functions of Wilson coefficients and form factors

Main operators:
Oy = (46:) (gfy“bL)(Z’yM ), O10 = (47r (S’Y b[_ (6")%’756) ﬁé ﬁ

Ql = lg: (_a a)(éé) Q = 167\.2 (§f‘bR)(€’)SZ

F. Kruger et al., Phys. Rev. D 61 (2000) 114028;
W. Altmannshofer et al., JHEP 0901 (2009) 019; U. Egede et al., JHEP 1010 (2010) 056

J(q270279K*7¢)
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B — K*u™u~ — “Standard” Observables

. . . dr
Dilepton invariant mass spectrum: e
q

Forward backward asymmetry:

Arg(q?) = [fgl - fol] dcos b,

dq? d cos 6,

3 Jo

PGy

2

d2r ar _ 3, /dr

d? ~ 87°/ dg?

eff ¢ 2
Forward backward asymmetry zero-crossing: g3 ~ —2mmeC97(q°) + O(as,\/myp)

— fix the sign of Go/C7

Polarization fractions:

A0|2
Fi(q?) = | ,
H9) = T 1A BT AP

Transverse asymmetries:

—2R(AA*)
A(_l:_l)(q2) — [fans

AR (q?)

T V]ARIALR

Nazila Mahmoudi

Fr(e?) =1 Fi(¢?)

[AL]2+ A2
Aot A + AGrA|RI

G

B |ALI2+ A2
[Ao|? + |A)12 4 |ALI?

AP —1AY12

(2)( 2) — > >
[ALI? + Ay

T

A(A)( 2y |A0LAj_L _A;RALR‘
T [Aor At + AsR Al

D. Becirevic, E. Schneider, Nucl. Phys. B854 (2012) 321
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B — K*putpu~ — low- and high-g>

Low-g° region: 1 GeV? < ¢* < 6 GeV?
@ method of QCD-improved Factorization (QCDF)
@ Soft-Collinear Effective Theory (SCET)

Simplifications:
@ heavy b-quark

@ energetic K* meson

These simplifications allow to design a set of optimized observables P; and P/
— soft form factor dependence cancels out at leading order in as and A/my

High-g° region: g > (14 — 15) GeV?

@ Local Operator Product Expantion applicable

Hadronic uncertainties well under control in the low-recoil region. But very small
sensitivity to the Wilson coefficients in which potential NP contributions enter
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B — K*u™u~ — Optimised observables

Optimised: form factor uncertainties cancel at leading order

1 o 99°1J5 + J3] 1 foin 997 [Jss + Jos]
(Pi)vin = 520 ——————— (P2)vin = & 70— ———=—
2 fbin dq [JZS + J25] 8 fbin dq [J25 + J25]
1 - 1 -
(Pa)bin = 7,/ dq®[Ja + Ja] (Ps)bin = 7,/ dq’[Js + Js]
bin Y bin bin Y bin
1 - 1 _
(Pg)bin = N7 /bin dq®[J7 + J] (Pg)bin = N /bin dq’®[Je + Je]

with
Min = V= Joim 962 1J2s + Jac] [y, da2[J2c + Joc]

+ CP violating clean observables and other combinations

U. Egede et al., JHEP 0811 (2008) 032, JHEP 1010 (2010) 056
J. Matias et al., JHEP 1204 (2012) 104
S. Descotes-Genon et al., JHEP 1305 (2013) 137
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B — K*pp~ — Experimental results

First observation of new angular observables in B — K* "~

3.70 local discrepancy in one
of the ¢? bins

(P§, 4.3 < ¢* < 8.68 GeV?)

s 2 is 2
97 [GeViIc!) 9 [GeVi/c)

LHCb collaboration, arXiv:1308.1707 [hep-ex]

Possible explanations:

@ Statistical fluctuations

@ Underestimation of hadronic uncertainties
S. Descotes-Genon, J. Matias, J. Virto, arXiv:1307.5683
@ New Physics! W. Altmannshofer, D. M. Straub, arXiv:1308.1501
R. Gauld, F. Goertz, U. Haisch, arXiv:1308.1959, arXiv:1310.1082
F. Beaujean, C. Bobeth, D. van Dyk, arXiv:1310.2478
R.R. Horgan, Z. Liu, S. Meinel, M. Wingate, arXiv:1310.3887
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New Physics interpretation?

Global analysis of the latest LHCb data under the hypothesis of

Minimal Flavour Violation

— need for new flavour structure?

Relevant operators:
07, Os, Og, 010 and  Qi—2 o (5Pgb)(fiPLi) = Of

NP manisfests itself in the shifts of the individual coefficients with respect to the SM
values:

Gi(p) = CM(p) +6G

—s Scans over the values of §Cz, §Cg, 6Co, 6Cro, 6C)
— Calculation of flavour observables

— Comparison with experimental results

— Constraints on the Wilson coefficients C;

— Prediction for other flavour observables
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Observables

— Global fits of the AF = 1 observables obtained by minimization of
X2 _ (6th _ 6exp) . z—l . (éth _ 6exp)
¥ ! is the inverse correlation matrix.

Observables:

@ BR(B; — utp™)

e BR(B — Xsv) o BR(By — i p")

o BR(B — Xu7) o B o> K*pt

o Ao(B = K™) P1, P2, Pi, P, P§, P, BR, Fi
e BR(B — Xou™ ™) in 5 bins of ¢*:

o BRY"(B & X,utp) [0.1,2], [2,4.3], [4.3,8.68],

[14.18,16], [16,19] GeV?
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Fit results

Before LHCb:

© [T P %}
2 5 Ees%ucL %15 [ 95% cL w b Mes%cr ]
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T. Hurth, FM, Nucl.Phys. B865 (2012) 461

@ Cg mostly constrained by B — X 4y

@ (7 constrained by the other observables as well

@ Co 10 constrained by B — Xsut ™ and B — K*putp™

@ C; mostly constrained by Bs — pu ™

Nazila Mahmoudi
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Fit results

With the latest LHCb results

T T T T T T T T T T T T T o T T T s 2 L T T
5 T T 215 T T 4 (o] T
2 s Mesuce. -| K 15 [Mes%c.L. © b Mos%cL. 1
Mss%cL. Mes%cL. Mss%cL.
10 ' = 1 E
o~ . 5- E 0 T .
ob 1 £ 3
A -
5 | S - £ 3
I PTRIIN I DT I L N P A ) S [
-1 -0.5 0 0.5 1 15 -20 -10 0 10 -10 0 10 20
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T. Hurth, FM, JHEP 1404 (2014) 097

Strong impact from the new LHCDb results on the fits!
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MSSM scenarios

Constrained MSSM

CMSSM:

o MSSM with GUT scale universality assumptions
— 4 parameters + 1 sign

@ Useful for benchmarking, model discrimination,...

@ However the mass patterns could be more complicated

General MSSM

Phenomenological MSSM (pMSSM):
@ The most general CP/R parity-conserving MSSM
@ Minimal Flavour Violation at the TeV scale

@ The first two sfermion generations are degenerate

The three trilinear couplings are general for the 3 generations
— 19 free parameters

10 sfermion masses, 3 gaugino masses, 3 trilinear couplings, 3 Higgs/Higgsino

A. Djouadi et al., hep-ph/9901246
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Fit results
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Fit results in MSSM

CMSSM:

4 CMSSM . CusSM 1 CMSSM
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FM, S. Neshatpour, J. Virto, arXiv:1401.2145

Red lines: SM predictions
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Individual constraints

CMSSM with mo and my , varied, 1 > 0, Ag = —2mo and tan 3 fixed:
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Individual constraints

CMSSM with mo and my , varied, 1 > 0, Ag = —2mo and tan 3 fixed:

CMSSM - tan =40, A =2 m,

My

(o

o

=}
[

500‘
AR A

50 1000 1500 2000
m,, (GeV)

FM, S. Neshatpour, J. Virto, arXiv:1401.2145

Black line: ATLAS exclusion limit with 20.3 fb—! data
Blue line: Higgs mass exclusion limit (M), = 122 GeV)
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Individual constraints

CMSSM with mo and my , varied, 1 > 0, Ag = —2mo and tan 3 fixed:

CMSSM - tan =40, A =2 m, CMSSM - tan =20, A =2 m,

500’
AT S

50 1000 1500 2000
m,, (GeV)

500 1000 1500 2000
m,, (GeV)

FM, S. Neshatpour, J. Virto, arXiv:1401.2145

Black line: ATLAS exclusion limit with 20.3 fb—! data
Blue line: Higgs mass exclusion limit (M), = 122 GeV)
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Constraints on CMSSM from BR(B; — u*u™)

CMSSM with all parameters varied:

Fraction of CMSSM points compatible with BR(Bs — ™)

Current constraints Ultimate constraints

30 301
m, (GeV) m,; (GeV)

A. Arbey, M. Battaglia, FM, D. Martinez Santos, Phys.Rev. D87 (2013) 035026

Continuous line: ATLAS SUSY searches at 8 TeV with 5.8 fb~! of data
Dotted line: reach estimated at 14 TeV with 300 fb—!
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Constraints on CMSSM from BR(Bs — pu™)

Flat scans over the CMSSM parameters with > 0

9

1020°

8

Solid line: central value of the
BR(Bs — ptu™)
measurement

BR(B —uy)
[=2]
BR(B —uu)

Dashed lines: 20 experimental

1000 2000 3000 1000 2000 3000 deviations
m, (GeV) my;, (GeV)

Gray points: all valid points

Green points: points in

agreement with the Higgs

s

mass constraint

BR(B_—up)
BR(B —up)

0 5 10 20 40 60
A, (TeV) tanp
A. Arbey, M. Battaglia, FM, D. Martinez Santos, Phys.Rev. D87 (2013) 035026

BR(Bs — p" ™) smaller than SM and the Higgs mass constraint
cannot be satisfied simultaneously!!
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Constraints on CMSSM from B — K*putu~

B — K*u'u~ in the low g? region:  CMSSM - tan 8 = 50

e
N
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Arg in the low g? region is especially interesting!
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Constraints on pMSSM from BR(Bs — ™)

BR(B —up)
BR(B —up)
BR(B —up)

500 1000 1500 2000 2500 -10 -5 0 5 10
M, (GeV) A, (TeV)
1O><10’9 pMSSM 10x10 i pMSSM

BR(B —up)
BR(B —uu)

BR(B —uu)

500 1000 1500 2000 500 1000 1500 2000 2500
tan B M, (GeV) m; (GeV)

A. Arbey, M. Battaglia, FM, D. Martinez Santos, Phys.Rev. D87 (2013) 035026

Solid line: central value of the BR(B; — utp™) measurement
Dashed lines: 20 experimental deviations

Gray points: all valid points

Green points: points in agreement with the Higgs mass constraint
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Constraints on pMSSM from BR(Bs — ™)

60 _ pMSSM ‘ - 2000 raesn pMSSM
: 1500
4058 S
= 3
8 2 1000
20 £

= T i NS . PRI AR DY 5 =Y
20 400 600 800 1000 200 400 600 800 1000
M, (GeV) M, (GeV)
A. Arbey, M. Battaglia, FM, D. Martinez Santos, Phys.Rev. D87 (2013) 035026

Black points: all the valid pMSSM points
Gray points: 123 < M}, < 129 GeV
Dark green points: in agreement with the latest BR(Bs — u™p™)
Light green points: in agreement with the ultimate LHCb BR(Bs — p 11~ ) measurement

Red line: excluded at 95% C.L. by the latest CMS A/H — 777~ searches
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Conclusion

e B — K*utu~ offers multiple sensitive observables

o Latest LHCb results for the optimised observables have a very
important impact on the global fits

o No need for any new flavour structure with the current
measurements

e Important constraints from both B, — u™u~ and
B — K*p™p~ decays in the MSSM

e MSSM still provides solutions in global agreement with all the
available data for b — s/¢ transitions
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Backup
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S prediction

Observable Experiment
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Bo(B = K*7) (5:2£2.6) x 1072 77 £0.09
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BR(B — Xuu'pt )ﬂ:d, ,,mvz
BR(B = Xop' "),

(29£07) x 10°°
(3.6+1.6) x 1071°
(1.60 £ 0.68) x 10°°
(4.18 + 1.35) x 107

(3.00%0.24) x 10°
(79£39)x 102
(1.49 £ 0.30) x 105
(3.49+0.38) x 10~°
(1.07 £0.27) x 101°

(2.20 + 0.44) x 107

GBRTE > K 2 Lo

(060 = 0.06 £ 0.05 % 0.04 £ 0.05) x 10

)

)
(1.73£0.16) x 10°°

)

)

(0.70£0.81) x 10~

[¢

(FUB = K* 1" 1™ N 2cpon,a1c. 037 +0.10+0.04 032£020
(Pa(B = K* "1™ ) 5 a2 0194040+ 0.02 ~0.0140.04
(Pa(B = K* 1" 1™ )) 2 cpo.1 zjcev? 0.03£0.15 £ 0.01 0174002
(Pa(B = K™ 17 )) 2 cjo 1 2jGev2 0.00 + 0.52 + 0.06 ~0.37 +£0.03

(PL(B = K* 117 )2 o 1 a2 045£022£0.09 052£004
(P4(B — K* 1" 1)) 2 cpo.1 2jcov? 02440224005 —0.05+0.04
(P.(B—»K‘u‘u’)}qz P —0.12 4 0.56 & 0.04 002004
(@BR7GGTE = K a' o)) 2eina vt (030 £0.03£003£002£002) x 107 | (035%029) x 10~
(FLU(B = K" w' i ) 2epa 4 3jcevz 0.74 4 0.10 + 0.03 0.76 £ 0.20
(Pi(B = K* 1 17)) 2o aajcov ~0.29 £ 0.65 £ 0.03 ~0.05+0.05
(Pa(B = K* 1" 17)) 2 cpa s sicev? 0.50 + 0.08 + 0.02 025+0.09
(BB = K u ez amcon 0744058 +0.16 0544007
(Pi(EAK 1 07)) 2ep s sjcev? 0.29 +0.39 £ 0.07 ~0.33+0.11
(PUB = K* 117 ) e o2 ~0.15+0.38 £ 0.05 ~0.06 + 0.06
(PL(B — K™y u’)mq: 43Gev? —0.3+0.58 +0.14 0.04 4 0.05
(dBR/dq*(B — K™ 11 11 )2 cja 3. 08/Gev2 | (049 £0.04+0.04£0.03£0.04) x 107 | (0.48£0.53) x 10~
(F(B = K1) a0 omcon? 0.57£0.07£0.03 063014
(Py(B = K" u™ g2 pa 036+ 0.31+0.03 ~0.1140.06
(Pa(B — K 'yt )>,[,3,,Mw ~0.25+0.0840.02 ~0.3640.05

(PA(B > K" i Dacias o ajoov? 118 40.30 £ 0.10 099£0.03
(P4(B = K* 1" 1™ )) g2 cpa 3.8.s8100v2 —0.19+0.16 + 0.03 —0.83+0.05
(Po(B = K" 1)) g2cia V2 0.04 £ 0.15 £ 0.05 ~0.02 + 0.06
(Pa(B = K* 1" 1)) 2o 5.5 es100v2 058+ 0.38 +0.06 002£0.06
(dBR7q*(B — K 11" 1) 2 za 18,1012 | (056 £ 0.06 £ 0.04 £ 0.04 £ 0.05) x 107 | (0.67 £ 1.17) x 10
(FL(B = K" 117 ) 2 cna 18 16jGev2 0.33+0.08 £ 0.03 0.39+0.24
(P1(B = K* 1" 17)) 2 cpna 18 aejcev? 0.07+£028+0.02 —0.324+0.70
(Pa(B = K* 1" 17 )) 2 cpaa s aejcev? —0.50 4 0.03 + 0.01 —0.47+0.14
(Pa(B > K" 1) cian s sefcev? ~0.18 £0.70 £ 0.08 115033

(P(B = K* 1" 17)) 2 cpna 18 aejcev® ~0.7940.20 £0.18 ~0.8240.36
(Pa(B = K1 17)) 2 cpaa 18 aejcev? 018+ 0.25 4 0.03 0.00 +0.00

(Py(B = K* ' 1)) 2 JGev? —0.40 & 0.60  0.06 0.00£0.01
(@BR7GGT(E = K™ 1a' 15 ) o soicons (041 £0.04 £ 004 £0.03£003) x 107 | (043£0.78) x 10~
(FL(B = K" 1 17)) 2 cao sojc 0.3840.09+0.03 0364013
(Pa(B = K* 1" 117)) 2 iz 0jev? ~0.71+0.35 £ 0.06 ~0.55 0.5
(Pa(B = K* 1" 1)) 2 cpao so1civ —0.3240.08 + 0.01 —0.41+0.15
(P4(B = K* 1" 1™ )) g2 cpaenojciov? 070+ 052+ 0.06 1244025

(Pg(B = K* 1" 117)) 2z 10jciev? ~0.60 4 0.19 + 0.09 ~0.66 4 0.37
(P4(B — K* 11" 1™ g2 cpaonsjcov? ~0.3140.38+0.10 0.00£0.00
(Py(B = K™ ™)) el ojcv? 0124 0.54 £ 0.04 0.00+0.04
(dBR7G*(B — K™ 1" 10 ) q2epp opcon? (0-34 £0.03 £ 004 £ 0.02 £0.03) X 10 038£033) x 10
(FUB = K i i g2 cp gceve 065+ 0.08 +0.03 070£021
(BB = K" ) 2cis aoove 015+ 041003 —0.06 + 0.04
(Pa(B = K1 1)) ey v 0334012 +0.02 010008
(PUE > KD aciy paeve 058+ 0.36 & 0.06 053£0.07

(P4(B = K™ 17)) 2 s ecev? 02140214003 ~03440.10
(Po(B = K™ 1)) 2 e gjevz 0.18 +0.21 + 0.03 ~0.05 +0.05
(Pa(B = K* 1" 117)) 2 aigev? 046+038+£004 003004




Phenomenological MSSM (pMSSM)

Flat scans over the 19 parameters:

[ Parameter [ Range (in GeV) |
tan 3 [1, 60]
Ma [50, 2000]
M [-2500, 2500]
Mo [-2500, 2500]
Ms [50, 2500]
A=A, = A, ~10000, 10000
A, = A=A -10000, 10000 : .
A A A 1600010000 ~100M points generated with Softsusy
m [-3000, 3000]
Mz, = Mp [50, 2500] . .
Mé; - Mﬂ; [50.2500] Flavour constraints with Superlso
Mz, [50, 2500]
Mz [50, 2500]
May, = Miy, 50, 2500]
iaL [50, 2500]
My = Meg [50, 2500]
M, [50, 2500]
My, = M, [50, 2500]
e [50, 2500]
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BR(Bs — utp™)

Theory prediction: CP-averaged quantities, effect of B; — B; oscillations disregarded
Experimental measurement: untagged branching fraction

K. De Bruyn et al., Phys. Rev. D86, 014027; Phys. Rev. Lett. 109, 041801 (2012)

1+ A s _
BR(BS g H+Il_)untag = (%) BR(BS — .U»+.U‘ )
with 1
Vs = ETBsArs = 0.088 + 0.014
e 1P cos(2pr) — IS cos(2ys)
|PI>+S?

S and P are related to the Wilson coefficients by:

s fi_am My 1 Ca—Co  , Go My 1 Co-C
Més 2my mp+ms  CGM ’ CM " 2my mp+me G

ps = arg(S), wp = arg(P)

The SM expectation for this corrected branching fraction is:
BR(Bs = i 1t Juntag = (3.87 & 0.46) x 10~°
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BR(Bs — utp™)

Main source of uncertainty: fg,

e ETMC-11: 232 +£ 10 MeV
e HPQCD-12: 227 + 10 MeV Our choice: 234 + 10 MeV
HPQCD NR-09: 231 + 15 MeV

HPQCD HISQ-11: 225 +4 MeV
o Fermilab-MILC-11: 242 + 9.5 MeV

With the most up-to-date input parameters (PDG), in particular 75, = 1.497 ps:

SM prediction: BR(Bs — pu"p~) = (3.53 + 0.38) x 10~° J

FM, S. Neshatpour, J. Orloff, JHEP 1208 (2012) 092

Most important sources of uncertainties:

fs, | EW cor. | scales | 75, | Vis | top mass || Overall
Uncertainty | 8% 2% 2% 2% | 5% 1.3% ~ 10%

Using fg, = 227 MeV and 75, = 1.466 ps, one gets: BR(Bs — p"u~) = 3.25 x 107°

A. Buras et al. Eur.Phys.J. C72 (2012) 2172
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Constraints on pMSSM

BR(B~u)
02 %10°

©
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A. Arbey, M. Battaglia, FM, D. Martinez Santos, Phys.Rev. D87 (2013) 035026

Dotted vertical lines: delimit the range of Cio in the CMSSM
Dashed lines: delimit the range of Cio in the pMSSM.
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B— K*utu~

CMSSM:
T
560
pMSSM

Nazila Mahmoudi
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B— K*utu~

tan B
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FM, S. Neshatpour, J. Virto, arXiv:1401.2145
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