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e Motivation for stucjging flavor Phgsics

« ([ violation and CKM physics
- Sin(2B)in B Ay Ks [Bfact+] HCh)
- Sin(2B) in BoDphe [Bfact]
- Amy [[_HCH]
= {Vub/Neb| from A=puv [ HCh]
+ Rare Decays
- B6)=pp- B combination (CMS LIHCh)
- B>Krprp- and opp- angular analysis (LHCB)
«  (Universality
- Ry in B=KH-(LHCH)
- RpeRp in B=2Drv (Babar, Belle, |HCh)
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Motivation for studying flavor physics

e |nthe Standard model the Yukawa couplings of the Higgs boson to the

fermions determine the quark mixing matrix

e 10 outof 19 of the free parameters of the model are the masses and the mixing
parameters of the quarks. T heir stuc!g gives us fundamental informations. Put

there are also some Fundam@ntal oPen qucstions

. Whg are there » generations?

Elementary Particles

w U C t g
"ﬁ up charm top gluon
= 5
o d s b ¥ O
down stratge bottom photon E
D
2 Ve Vi vr %74 O
g ¢ neuring g neutring ¢ neutring | B boszon o
E‘ =
- e J7i T VA
electron IO tan 2 boson
3= I 11 111 < Generations
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Motivation for studying flavor physics

e |nthe Standard model the Yukawa couplings of the Higgs boson to the

fermions determine the quark mixing matrix

e 10 outof 19 of the free parameters of the model are the masses and the mixing
parameters of the quari(s. T heir stuc!g gives us fundamental informations. Put

there are also some opcn Fumclamental c]ucstions

. Whg there is a striking hierarchg in the quark masses”? \/\/}19 the Higgs mass is at
the EW scale?
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Motivation for studying flavor physics

e |nthe Standard model the Yukawa couplings of the Higgs boson to the

fermions determine the quark mixing matrix

e 10 outof 19 of the free parameters of the model are the masses and the mixing
parameters of the quarks. T heir stuc!y gives us fundamental informations. Put

thf:re are also some open Fun&amental qucstions

. Whg is there a stri!dng hierarchg in the quark mixing parameters

Relative magnitudes
d S b
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Motivation for studying flavor physics

e |nthe Standard model the Yukawa couplings of the Higgs boson to the

fermions determine the quark mixing matrix

e 10 outof 19 of the free parameters of the model are the masses and the mixing
parameters of the quarks. T heir stuc!y gives us fundamental informations. Put

thf:re are also some open Fun&amental qucstions

. Whg is there a ]arge matter anti matter asymmetry in the universe?

BlE BANG scue
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CP Violation

expected

. Bargon asymmetry requires largc (T violation Ang

107" while AE: 1()_9
Y

Y
e |nthe standard model CF violation is described in bg a single weak Phase in the
quark mixing (CKM) matrix

n n

Relative magnitudes The phases
d 5 b

(0,0)
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The Unitarity triangle

e Jhe unitarity of the matrix can be represented as a triangle relation between its

elements

. Mcasuring angles and sides of the triang!c and over-constrains the model =>

consistency checks

.__ X
f ViaVib
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CKM Matrix elements

e [Jow canthe sides and anglcs of the trianglc be measured?

Quarks can change Havor onlg trough charged current interactions Propor’ciona]

to elements of the CKM matrix

]nterperence effects between amPlitucles give us informations on the ang]es and

sides
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The Unitarity triangle

e | he (KM mechanismis extremclg successtul in &escribing the observed
pattern of decags, mixing, and CF violation
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The Unitarity triangle

e | he (KM mechanismis extremclg successtul in &escribing the observed
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J ]n tree decags however new Phgsics effects are loop suPPresse&

e [Tlavor changing neutral currents are alreacjy highlg suppressccl inthe SM

e | heretore new intermediate Particles can appear in the loops giving un-

suPPrcsse& contributions=> clean signatures of New thsics

e |naddition thcg can Probc higher energy scales inaccessible with direct searches
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. Bgactorics Provi&c a clean environment to measure CKM parameters and rare

deca95
J BE Pairs are Procjuce at threshold from the Y(‘%S) resonance
J s(bg>~1 .inb and s<qa>~§ nb

—  Almost hermetic detector, highlg efficient trigger

>
Belle Detector

Aerogel Cherenkov cnt. 1 5 T
SC solenoid n=1.015~1.030 . ] - :
1.5T . Cerenko | Solenoi | & Elgqtrqmagrbetlc Calorimeter
Csl(TI) 16X, : \Y/ 1
Detector T
TOF counter (DIRC'#
8GeV e~

e ) ==t Cham
GeV) A ilicon
Instrumented Flux Re Vertex

n/ K, detection
14/15 lyr. RPC+Fe

3 lyr. DSSD
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The LHCb experiment

=y e 7 g
Te ik e

SR Sy ey ; " Gluon-Gluon-Fusion:
o(pp — inel) . |
o(pp — ce)
o(pp — bb)

ki Production

]

n of B-hadron

—
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Vertex ""'l"-:':."_ il i
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— "\t YES | T Sl p—
' R R ] (L. 5
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° RequirementS: — EXCC”Cﬂt F]D Forﬂavortaggiﬂg

- \/ertex resolution to resolve Bs and bkg rejectior: in rare clecags

oscillations — Momentum resolution to

scparate B/Ds, D/Ds
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LHCDb trigger

] . . Hig% egiciencg for manageable rates
LHCb 2012 Trigger Diagram

. Backgrounc!
— Minimum bias
LO Hardware Trigger : 1 MHz ~
readout, high E1/Pr signatures Other B and D decays
450 kHz 400 kHz « | riggervariables
h* | u/pp |
O - r“ligh pt tracks
[ Defer 20% to disk } - High impact Parameter and &isplaced

vertices

4 - - ™
Soft High L 1T )

oftware High Level Trigger ngra&ed " Run ”

29000 Logical CPU cores

Offline reconstruction tuned to trigger _ Fergorm real-time detector calibrations
time constraints

Mixture of exclusive and inclusive and alrgnmeﬂt

\___selection algorithms y

@ @ @ — [ull offline-like event selection
 Turbo stream (k142

W "
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TG LHCb luminosity

J LHCB tracking/ﬂD sensitive to Pileup and occupancy

e Reduce ]uminositg by displacing the beams from head-on collisions

N
o
N

‘K

-
o

r o ‘“ o I - o “-\.“"“_‘

Instantaneous Luminosity [10%2 cm2 s°1]

| | » l
L 0 5 10 15 20

Fill duration [h]
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LHCDb data

e | HC run 1 wentfrom2010to 2012, during which | FCb collected 3 th-10of data
(this corresponcls to~% x 1011b anti-b Pairs being Procluced within | [HChH).

. Recorded Lumi: 320.66 /pb

— 25
E; — belivered / Recorde.d Luminosity
= B 2.21/2.08 [fb™], in 2012 2012 j:‘
2 o — 1.22/1.11 [fbY, in 2011 f“'
€ — | —— 0.04/0.04 [fb"], in 2010 /’I
2 L 7
-U — -
£ 15 J// 2015 delivered/recorded data
=2 2011 '
E » *  Delivered Lumi: 362.75 /pb
e
-;,..r‘

5
\
\ )

;

0.5

2010 /
- W{L&Li\\\ L | (| [ — ho vt {0 | || \\f"x—mﬁﬁf@-:

L L L L L L L
02/09 0z/10 oun

Apr May May Jun Jul Aug Sep Oct Nov Date

e Run2 started aftera 2 year shutdown, necessary to upgra&e LHC energy.

. \/\/1” continue to end of 2018 —we aim to increase our beautg saml:)]e bg X% or more
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Sin(2B) with B— J/y Ks
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How to observe CP violation

Ar

E —
b Vib t V!; 5 J/'qfr B(
e Vcb
b C
B W= w+ B 0 a \ /‘
5 8 B %4 0
) Vs q/p (
_ B 8 ]
Va1 Va b x s
— 247 o
_ S ‘)“‘fl o Pﬁf ~ 1
Pmiz = 2arg(Vip Vi) Ao — |a; |G +61) i(By+2)
: * Af = |agle + |azle :
ql)dec p— alg(vcbvcs) f_l?= |f11|13i{'51_¢1}+|t‘12|fﬂ:52_&-}}.
R 1_|'}"_‘f|2
1 = g
Acp (1) = Igo_,p— FB SF S¢sin(Amt) — Cy cos(Amt) Sy = %ﬁ
I'po_, ¢+ F L cosh(AT't/2) + Aar sinh(AT't/2) Ane — _ 200564
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Measurement of time dependent rates at Bfactories

o | ime cie[:)enc!ent CF violation measured em[:)loging entanglement
of initial states to know the Havor of the [ at the reference time t=0

t=0
) :
At t=0 we B Az = At ec
0 know this ! ;
b meson is B° .' :\WKi
Y(4S) c . — —__
l — [
E” | tag W§< Vi
By =0.56 : NCYERRD: N
\_ DRI %
N ! N
The two mesons oscillate | In this example, the tag-side f: Af}picoseconds
coherently : at any given i meson decays first. ““later, the B (or
time, if one is a B° the other | It decays semi-leptonically perhaps it is now
is necessarily a B° i and the charge of the lepton a B') decays.
gives the flavour of the tag-
side meson :

[-=B" [+=BY
Kaon tags also used.
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Key analysis techniques at B-Factores

Threshold kinematics: the initial energy of the Y(4S) system is known,
and therefore the approximate energy and magnitude of momentum of each B

— | F*2 *2 o Event topology
mES_\/Ebeam pB AE'_E'B_E'beam
;wm;llt'rl"‘llIT"'ITTI’!!IIITYIII'TTl!l!I'TI'IITTI’!l-IJ: ; - _— - |||||..-_
340000_— 7 850000. ]
o | Signal "' - '
dmm_’ - o L
:HCO_- B = 30w -
£ 000 ] g |
a 15101'— —-‘ u%mm ]
— ] 10000 =
mm_— 7] L
E.Z 52| 522 523 524 525 526 5Z7 528 529 53 %2 .g_l15 to]‘ 005 :;; oos : uj} o,l15 02
Mg (GaV) AE (GaV)
; I T J | T T ‘_: ; L8 B
0 3
< 0
: ; o
0 4ol g 2
¢ = Background 7 = Background g
%0 3 - 1
dof i 1o .
2 : -
= 1 1 I | | I | 1 | FIPEIPE P IS TP PP I P S
g.z 52| 522 523 524 525 526 527 528 529 53 %2 015 91 005 -0 0P5 01 015 02 ’
Mes (GV) AE (GoV) (Jet-structure)
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The legacy of the B Factories

i

e : ——
-v-'i. g |_§L 40 = E: Lags ‘-.__ I'i'.l'llr“'l.'-l:;. T _I T i LT il 0
T 40—+ B tags I ki = 300F « B tags &k g
b T i : s 1T~ A B . 2T i 048 55 5 T
= [ "B tags ; | 1 =2 r
Bl : B Belle (2iREE g
£ 200 2 1%, . E s e L et
I-fl : e : r_] r?“-:_':h'u* E BARA I:r‘ Il:‘:: P n 1} 1Lns
= " —— - £ = e : :
E (.4 = I|'|'I—: E 04 = " f—}:_}_?{"._ = BAl . II__t b :'I_: h——ri 0,7% SAL 05
2 4 2 n2p. 3 L | Belle (2001, HL14206 ¢
& !] = m i = E] K 13 P f—e—{ | 0% siL14 2008 0
a O = 4 d £ U E —-E DAL 22 L. 0781 067 1084 (gl
R = 02 S r - e
é 3l - - i o E H‘J:‘;fﬂ’.é‘ I 0,719 £, 008 h)
S — N4 I = EER i
Ejm_ t v t e E =t n “r:'f.::’;;‘ [ 11,728 SO0 20023 1
C P ©®y] = r P g 3 R
= 1 ! 4 : RATAIE 25k -
g 200 -—' “I tags —] ':_‘;l 2Kl :_ = -Ilt'n. . T _: ‘u T A1 R ! e e
g C o I Lags =] '5 3 y -_" - 1 H-;::\f‘-;-;'\“‘ [ 0LA5T =1 IAD L0 (k)
“ - . = o .‘. 1, y B - i )
= v = [F : i - Belle (208G i . i
. e bl e T " 4 o ¥ ; e e e 11,642 #1031 0_017 {am}
0.4 - + 1d) k7] (. - . __] BARAR (ks il ULNT AR AL 2 )
0.2 | 3 E 02% I Hh ‘hx l II:II W;III:I:
SR N I, - = 4E I =it " 0,667 0023 0012 (a)
< 0C | 4 < 0 = 4 T (7720 B
.0z '_Jr ‘ﬂ:"h-—#--"’ = 02 I ’ bl /|7f
I; o + ] e :_L o e Currend Ay ] 1LATT HI G
-4 E 0] T —L .
L - L * . == ] 0.5
5 0 5 3 0 3 i =

AL (ps) : S ALl sin 3¢,

. BaBar:

- M5 =0.687 +0.028+0.012([FRD 79,072009 (2009)]

- (= 0.024 £ 0.020 £+ 0.016

. Be”e:

- M5 =0.667+0023+0.012[FRL 108, 171802 (2012)]

- ((=0.006+0016+ 0.012.
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TD CPV at the LHC: flavor tagging

4 SSpion
T : R o 14
SS kaon (nnet) (for BY)
u = y/g'Y
K
5 d
— f—
0OS charm
b
X K 0OSkaon
i
b—c
b- Xl

0S8 muon

0S electron
OS vertex charge

e OS5 tagging obtained similarly to P actories, however
&8ng Y

e no correlation between the evolution of the two 5 hadrons => intrinsic dilution => intrinsica”g

small effective tagging cgiciencg
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Sin(2B) in B—J/W Ks at LHCb ¢,/ 005

. Tagging using OS5 tagger e |ime &epcndencc of acceptance

determined from data at small times

e |nclusion of 55 Pion tagger =
eH=24%—-2%

-~ (alibrated using B- J/LIJ K #o

(trigger eFFects) and MC for large

times (reconstruction effects)

¢« MNSHH=0.7%1+0.0%5+0.020,

e« ((=—0.0%8+0.0%2+0.005,

e 3500 ;— LT L S _; - 0.4 p——— :
< 3000 419060 LHCb 1 E 03 E
T osgof n9geC (a) 1§ o2 :
= 2500 £ candidates = - el
= 2000 F in3fb* ] % IU S
s - : :
= 1000 > o :
”% 500 *Eﬁ 03k —i
. N —0.4 1 g 1 3
g ! 3] 10 15

m (MeV /c?) t (ps)
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Sin(2B) in B—J/W Ks at LHCb ;7 005

. Tagging using OS5 tagger e |ime &epcndence of acceptance

determined from data at small times

e |ndusionof S5 Pion tagger —
eH=24% =%

—- (alibrated using B- WK

(trigger eFFects) and MC for large

times (reconstruction eFFects),

BaBar
PRD 79, D72009 (2009)
BaBar y_ K i
PRD 80, 112001 (2009) !
BaBar Ay (hadronic)kg
PRD 69, 052001 (2004)
. , , Belle |
J Now ComPCtltiVC with B~Factories PRL 108! 171802 (2012) "
Belless
PRL 108, 171801 (2012)
b
f

= ==

o PB-[Tactories still better precision ﬁtEEE?Hf?i?EE' 2000)

OPAL !
ERJCE, 379 (1998)

S"=0.731+0.035+0.020, e 07 i 2016
S*"=0.663+0.039+0.012, mnl F

Average 0.69 +0.02

SPPME—0.670 £0.029+0.013 naive |

| ~1 0
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Sin(2B) in B—D_,™h° with BaBar and Belle 7} ;"

121604 (2015)

e B-oDwho &ccags Proceecl mainlg

10}

trough tree aml:)]itudes q—> c;d ™ (a) BABAR

12} -

. [fD clecags to ([ eigenstate K+K-,
KSRO, K5(1) with ho=m0o, n, ® then time

=

Events / 1 MeV/c?
%

C}CPenchnt ([ violation can occur via

interference with oscillation 2T T ]
[ Y

] i e »
521 323 5.25 527 529

M. (GeVic?)

. Fenguin free measurement of 5in(7_ﬁ>

that can be used as a reference for e}

(b) Belle

mising induced ([ violation in Penguin

L) ¢

=
T

mediated b—=s 5 meson clccays

e [Tirst combined fit to PaPar and

Belle data (1.243 109 BB pairs) )

BaBar Belle

e I (*) : 521 523 525 527 5.29
BY — Dcfhﬂ total 508 + 31 757 + 44 - M,.. (GeV/c?)
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Sin(2) in B—D_,*h° with BaBar and Belle [7(,",,.,

« B-oD®he dccags Proceecl mainlg (@)BABARn: — +1 +B° Tag | (b) BABARms — —1

trough tree aml:)]itudes q—> c;d

Events /1 ps

. [fD clecags to ([ eigenstate K+K-,
KSJIO, KS(D with ho=m0o, n, ® then time

C}CPenchnt ([ violation can occur via

interference with oscillation

Raw asymmetry

. Fenguin free measurement of sin(Zﬁ)
tl‘nat can be used as a rfncercnce 1Cor

mising induced ([ violation in Penguin

Events /1 ps

mediated b—=s 5 meson &ecays

e [Tirst combined fit to PaPar and
Belle data (1.243 109 BB pairs)

—11;S = +0.66 4 0.10(stat) + 0.06(syst),
C = —0.02 £ 0.07(stat) & 0.03(syst).

Raw asymmetry

| NI I T T I T N T N I = 5 I [T T T I T ' L
-8 -6 -4-20 2 4 6 8-8 -6 -4-20 2 ¢
At (ps) At (ps)
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¢_ from B "— Jhyo

Jhy=> - |

)

L

15000 - [PRL 114 (2015) Q41801]

. = — LHCb -

ﬁ I Peaking -

v B backgrounds: 1

e O->K+K- ci 10000 N g ~ 96k B® - JjyK+n]

ﬂ {om) ~ 7.0MeV Ap = JYpK 1

° BSO%J/Lp(pisF—)\/\/clecays so use _r_g SIDEJEJ_— B

‘_F_. - -

angular information to disentangle CF :J'E I ]
~odd and CF ~even comPoncnts. 0 I R R I

5300 5350 5400

Ty KK [MeV/¢?
o Mecasure s, Ams s, Als, |Af] at m(J/y ) [MeV/cT]

L | |

the same time 5;’ 10 LHCDb i -
; - L |- ]
o [recise determination of lifetime params ,: E _" "'_ E
be —0.058 & 0.049 + 0.006 rad o 10°F iy e E
% E Fy “‘h""" E
Al 0.964 + 0.019 + 0.007 E I _!_-M-H ¢$(1020) dominat.esw
Te  0.6603 =+ 0.0027 4+ 0.0015 ps~! S 102 ﬁﬂq&*ﬁ” ~ 2% K+tK~ S-wave -
. LTI NS B R R

Al's  0.0805 =+ 0.0091 + 0.0032 ps 990 1002 1014 1026 1038 1050
Ams  17.711 12955 4 0011 ps—1 m(K'K) [MeV/c’]
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Controlling penguin pollution

e Measured cp violating Phase could be shifted due to a Penguin amplitu&c with
different weak Phase

— q)qmeasurec{ = (l)q -+ SPenguin +6NF

e =>measure using decags where Penguin/tree ratio is not suPPressed.

- (Jse 5U<5>~Favour relations to link Pes and e (broken at 20-30% leve]).
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Penguin pollution: B — Jhyrir- [.° /42 (019

38-49

~ e i | ' | ] 5 1400 | | ] | =
o 7000 B® — Jfp K ot - LHCb * Data 5
o < LHCb 1 < 1200 |- =l -
’ - q = - M e Signal .
2 6000 = [ o 000 O | - e Background o
= L 0 - 1 2 1000 - — - p(770) 3
é 5000 __11- !)S —3 J W - % - e — fn[EDD]' .
= = | 3£ 800 - 1,(1270) Ke
= 4000 o ER: C --- Lﬂgfgéj g
= B ufi o) [ — P -
‘= 3000 o+ U go — p(1700) .
= = . ] E e 2
5 2000 fSIdE";andS dusﬁd 1 40| veto [PRD 90, 012003 (2014)] -
s or bkg modelling] - g ; 7
A0 e et —_— 200 |- _ —
o bzanetassteaaeto L v ' i o i i
5300 5400 5500 “ 0.5 | T >
m(J/yn'm) [MeV] m('n) [GeV]
m Use pY(770) component to measure:
A
¢eff:(417i96+ 8)°, acp = HI;" (—32+£2812) x 1073

— Agﬁﬁd = (—09 i 97—1_%2 e (equivalent to 0.016 + 0.16919:949 r54)

—0.110
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Not covering yand o
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LHCb-CONF-

B mixing frequency measurement .. .;

e (Usingas signal B-D®uv to

determine the &ccag vertex and 4 5 pion
2 SS kaon (nnet) (for BY)
the flavor of the B at the clecag ta i
’ ’ ’ ’ Kto
Pomt IS Poss:ljlc to Precnsc]y ¢
determine the 5 miXing Frequency —_— —
0S charm
. . b 79 K= 0OSkaon
J,-‘\',Tunnm':(fj _ i.?\.-’mun:(t) ]
Alt) = —— — = cos(Amygt) 54
[Nunmix(¢) 4 Nmix () e

0S vertex charge

. Ftag=8tag< 1-2w)2=2 4%
o Dominant backgrounci from B- D®uvX rejected with BDT

. B momentum cannot be measured due to the neutrinos=> use factor k:Prcco/Ptrue to correct

the time t=k_(M) | Mrpc/Preco

. lt introduces an additional resolution function in the decag time distribution

P_(t)=T(t)®R(t)®F(k)-A(t)

sig

08/12/15 G. Simi - WHEPRP - lIT Kanpur, India



LHCb-CONF-

B mixing result 2015-003

1 1 1 1
f ALIEPH (3 analyses)
- : 446+ 6=19
DELPHI (5 analyses)
& 519+ 18+ 11
J ! L3 (3 analyses)
- d 444+ 28+ 28
: OPAL (5 analyses)
e : 479+18+15
CDF1 (4 analyses)
¢ i 495+33+£27
DO (1 analysis)
A 506+ 20+ 16
BABAR (4 analyses)
8 506614
BELLE (3 analyses)
r— 509 + 4 :(5 .

LHCbD (3 analyses)
H—o—w 514+5+3

This measurement
b ol 503.6+20+13

Average (w/o this meas.)
ré- 510+ 3

.5....10......5....10.

I
decay time [ps] 450 500 550

Am , [ns]

d

A m,=503.6+2.0(stat)+1.3(sys) GeV/c’ Most precise single measurement
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A, —puv
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. Long stancling issue with \/ub

PDG Exclusive nclusive
vel"‘S].Oll 1 1 I 1 1 ] ] I | | 1 1 l 1 ]

2004 | . = :
2006 - . »
2008 - ’ -

2010 S :
2012 —

2014 .

| I 1 | | |
0.003 0.004 0.005
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V. /V fromA —-ppuv

. \/ub measured at B~Factorics using BF( B—Yﬂ: | V) -

Ay jl
e A P | v is the bargonic version of P-mlv b Vi .

T

e« Measure the B onlﬂ N high q* region where lattice

W=

calculation is known Prccisely — uncertainty on \/ub

—~ 5%
2.5 T T T 2.0 T T T T T
el Ap—pp™ B | _ 25b M A By
f i
= = a0f
0 sl 4 ]
IE 'a L5}
ca Lol .
=z — 2 10
. :: o :;-E
= [
= a5k =i
05|
0.0 1 1 1 0.0 1 1 1 1 1
0 5 10 15 0 ] 2 4 & & 10
g* (GeV?) 7 (GeV?)
W. Detmold, C.

Lehner and S. Meinel: arxiv:1503.01421(hep-lat)
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L T T

=S — . . -

! 0'14: LHCD simulation .

[ 0.12F — s low -

C puvlow o ]

 PL - —— puv higl ]

| [}]_— puyv mgh Gpeon —

I o m— AUV low O .

.-----;l------ X 0.080 v high o, E

b | 0.06[ E

PV : .DJ_ E | E

I 0.04— —

I - -

AT 0.02F .

, _ 2 2 LA v s i

A’Icorr — \/AJXH + Pr + PT o EZ o= ]
3000 4000 5000 6000

, , , M
. Signal gield extracted from a fit to the corrected mass corr

— Exploits the knowledge of the direction of the 5
— ]s the minimum mass of the system assuming a massless neutrino

— T he resolution can be imProvecl cutting on the computer error on M

corr

— Sclcction mostlg cut~base&, a part from BPDT used to isolate against Eackgrouncl

with additional chargecl tracks that were not reconstructed
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Normalization and signal fit

Lattice calculations from

. USC A~ Ay at high q* as normalization channel gariii?/?llse(;;ld:mz1(hep-|at)
0 —— 9 0 i
B(Ab — DU Vﬂ)qi":}lﬁ GeVZ/ct |Vub| G(Ab — PH V,u)qﬁ}la GeV?/ct

)

.
o=
=
=

B(M)— AFpuDu)gsrcevyer |Vabl? G(A— AF D) 257 Gevyet

| | I I I ij l — 18000 |_ T T T T | T T T T | T T _I
9 - LHC G -~ I Combinatorial .
= i - > - Mis-identified LHCD E
L - A 15000 0
= 30001 T § - EEDpuv 17687 + 733 1
_ A f B AT v i i
S [ Combinaori = 120001 - ymees CONAidates :
o 20001 9000 =
2 [ 342554571 & - :
= . candidates —gﬁ 6000 = ]
2 1000 = : ]
5 i S 3000;— i
i 5 5 55 0
4000 4500 5000 5500 %00 2000 5000
Corrected pK' 771 mass [MeV/c?] Corrected pu~ mass [MeV/c?]

. Largest background from A= A_uv

¢« Most signa] like background A= N U v

08/12/15 G. Simi - WHEPRP - lIT Kanpur, India



Inclusive

Exclusive
(B—mlv)

HCb
(Ap—=puv)

08/12/15

IV . /V_| result

(using RBC/UKQCD config)

[ag} 8 T
-
. PDG 0
2014 e . F
PDG 2014 >
RBC/UKQCD -
arxXiv:1501 05373
FNAL/MILC

arXiv:1503 07839

Detmold, Lehner, Meinel

arXiv:1503 01421

P R TR TR RN T NN RO ST SN (NN ST SN TN S AN T T S
0003 00035 0.004 00045 0005

V. =%.27 + 0.1 5<cxp> + 0.1 6<theorg )+ 0.06(1 V.

————
B inclusive
B B—rlv
B A,—>puv (LHCb)
combined

I, |

hen trigger , tracking and selection efficiency : ~3% each
| hen trigg g Y

)

(_onfirms cﬂiscrepancg between inclusive and exclusive

[nconsistent with a signhcicant right handed current

G. Simi - WHEPRP - lIT Kanpur, India

Largest exPcrimental sgstematic: ~5% external measurement of BF(AC_) PKR)




Prospects on Sides and angles

| FHCb reached comparable sensitivity to B-"actories on B

— KCCP under control Pcnguin contributions becomes imPortant

Both B and yare statisticaug limited

— There Is a margin do better bg improving the tagging

| Vub,\Vcb| can also be improved
— | attice calculations

- T xternal input B(Ac— PKn)
- New decays, eg PHs— Kuv

Also precision on Am., Am_ can be improved by improving lattice calculations
P d s P yimp g
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Rare Decays
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J ]n tree decags new Phgsics effects are ]ooP suPPressecl

. Flavor changing neutral currents are natura”g high]g suPPressed in SM

e New intermediate Partic]es can appear in the ]oops giving a contribution not

suPPrcsse& with respect to the standard model => clean signatures of New

thsics
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B_.—pup BF combination (CMS LHCb) 771° =

(2015) 68

. \/erg rare | (_NC process with

additional suPPression due to _

s I
CKM and hclicitg
t 70
B) w
e New Physics contributions not t
nccessarilg suPPréssed b wt
. Long historg of search *E' T o] !
-4 SR, A—
5 10 A * W
=3
%10—5 v * ’y
o)
*
gm'ﬁ R R
-
010-? ........................................................................................................
R 2 ARGUS O BABAR
8 = CLEO O DO
%10 v UA1 m LHCb %
) % CDF e CMs
r10%E v Ls o ATLAS [ i ms et S o @
0 A Belle SM: B s
. —_— Ll
O e i e
1985 1990 1995 2000 2005 2010 2015

Year
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B_.—pup BF combination (CMS LHCb) 771° =

(2015) 68
CMS and LHCh (LHC run [) i
T | T T T | T T T I T T T | | T T 1 T
= e » [Tirst observation of P, —uu
— Signal and background
0 —— , .
o R E; el and first evidence of the

= = = Combinatorial background

e
=

Dup decay
» Compatible with the SM

————— Semideptonic background

= = Peaking beckground

Weighted candidates per 40 MeW/c?
= =]
o

» Strong constraints on new

S
=

IJIIIIII|IIII|IIJI|IIII|IIII|II

L L ]
5,400 5,800 s ann

(Pseudo> scalar couplings

My (M) _ 0gCMSandLHCb(HCWOY

.;jg . = I." I/ [ [ | ]

— 08 | \ —

3 5 c | -

. il I' f 3

B (BE —3 _u,+“_—) — 2.3:33 % 1079 ; D.?E | I,' \ E

= 0.6 \ =

0 + - o —0 @ - ' \ 3
B(B) = p'p)gy =366+0.23 x 10 % osf | || | :
o4 | | £

B(Bj— ptu") =39775 x 107" o3 | .IIHH | E
B(Bi = pu)gy =1.06£0.09 x 107 02f-| |\ i
0.1 i— _i

0 :' l n;\ L1 L1 I I I T A 3

0 9

7 8
B2 — u* 1) [10°9]
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B — K*utu-, B » ¢utufull angular analysis
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B —» K* u'u- EW penguin

e« New Particlcs may appear in the looP and give contribution not suPPressc& w.r.t.

SM one

. Mang observables: angu]ar distributions, decag rates, asymmetries
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LHCB-PAPER-2015-051

. Feaking backgrounc! from charmonium— U+ resonances: veto using FID and

kinematic variables
e (_ombinatorial background reduced using BPDT

PY q?.:mluu

| 20 | | I ul | | |"| L | .l I.I I | | ] h | I | ]
ﬂ | |
0 LT : .
T IS T LHC-‘-’ N
> 1 -
o o g
- — _'.I'I_-'I' \
= = 10
c - —
o 12 - EAa i
g o T g
G >10 i
S 10°
3 By
gD - T
° -":'I;'.r’i" ":,_{'.'-‘;-EI'."'-'_-_':
e K
2F . :- o -I:-: l.l :'-: _:
0 L uf” Ll e P o m ] 1
5.2 5.3 54 5.5 5.6 5.7
[GeV/e?]
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LHCB-PAPER-2015-051

. Feaking Backgrounci from charmonium— LU+ resonances: veto using P11 and

kinematic variables

e (_ombinatorial backgrounci reduced using BDT

° ql:mluu

i~ m— T T T | T T T | T ]
g B LHCD i
| BU — K*D + i -
< 600 SR
— L ]
E 4DD_— ]

o
E — -
5 | ]
S 2001 -
ST ]
_+ —

0

5200 5400 5600 ]
m(K™n i) [MeV/e?]
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Angu lar variables LHCB-PAPER-2015-051

-

o Systcm Fu”g &escribe& 59 c]Z an& three anglcs Q :(COS el, COS ek, (1))

d*I'B°— K*utp™]

Li(q®) f;(9 (1 LT dr dr

dg? dQ 32 Z )15 % = (L + 1) / (dq‘2 ” dg?
d*T[B°— K*°u*p™] , - / dr  dr
dq dQ 32 ZI )fj' Q:] ‘43 - (Ij _IJ) dqg T dqg

T~ /
\ H- / Drawing by S.Cunliffe

\ / Lhcb implications
Workshop 2015
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Angu lar variables LHCB-PAPER-2015-051

-

o Systcm Fu”g &escribecl 59 c]Z an& three anglcs Q :(COS 61, COS ek, (1))

d*I'B°— K*utp™] = 3
I (O L - dI’ dI’

dg? dQ 32 Z )15 % = (L +15) / (dq‘2 ” dg?
d*T[B— K*uTp~ ] - . iy T / dI’ dr
dq dﬂ 2 Z I )fj’ Q ‘43 T (Ij o IJ) dqg + dqg

J Fu” set O]CSJ and A} never measurecﬂ before <; New

. Clever combinations have reduced depenéence on form factors

Pis=Sss5/\/FL(l— FL)

Account for 5~wave KTC comPonent which can help seParate vector from scalar

59 Fitting simultancouslg the My x

(_orrect for &cPendcncc of cgiciencg as afunction of anglcs

08/12/15 G. Simi - WHEPRP - lIT Kanpur, India



LHCB-PAPER-2015-051

LHCDb
11 =g* < 6.0 GeV'ict

| LHCb
L1 g* =60 GeVie*

100

S0 MeVies

_{_

50

Candidates /5.3 MeV/¢?
T R T T N T B A

Candidates

TG iy g eh b g i b s PR N e
3200 hEITT 5a00 08 083 09 095
m{E x ) [MeV/iel] m(K 7)) [GeVie?]

‘LHCb

‘LHCb

Ll=gt=60GeVie ]

)|

11 gt < 60 GeViies

100

Candidates / 0.1
Candidates / 0.1

50

R=]
[ulily T

b ot R Rt O
{

cos By

LHCb
1.1 = gt < 6.0 GeViig!

Candidates / 0.1 7rad

L

1111111111111111111111111111111111111111111111111111111111111111
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ML fit results LHCB-PAPER-2015-051

. ]nconsistencg with SM remains, the level of the inconsistencg evaluated using

the complete set of observables

EL i 1_ ' ' ' ! | ! ! ! ! | ! ! ! ! | ! ! ! |
f LHCb ]
05 Preliminary —
’}+ : SM from DHMV ]
o——= :
D B
o T B L S B T R

'10 5 10 15
g [GeV?/c*
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Moments LHCB-PAPER-2015-051

e | wo other methods used to fit the parameters of the angular distributions

J Moments

— ComPute 5Pherical moments of angular distribution and extract coefficients

of spherical harmonics
P

=

- 05 .
I 1 e
B + 7 ﬂ 1T
05 + H
'! LHCb ] [ + LHCb ]
: M 5M from ABSZ : 05 __ Il 5M from ABSE __
ﬂ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 ' 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
a 5 10 13 ] 3 10 15
g [GeV7/ c4] g [GeV¥/ ]
E.fl-_:ﬁ 05 L L L s ] D._"" 05k T ]

LHCb . - LHCb

0 poo s # . SR
us%ﬁ s B i TR

1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1
Qa 3 10 13 ] 3 10 15
g° [GeV/ c4] g* [GeV*/e]

[=]

08/12/15 G. Simi - WHEPRP - lIT Kanpur, India



Amplitudes LHCB-PAPER-2015-051

e | wo other methods used to fit the parameters of the angular distributions

. Amp]itucs <: New

- it clircctlg the amplitu&cs making the assumption A(qg) — a + ﬁqz - q—;

3 =T T T T T I T T T T I T T T T I T T T T I T T T T 3 Ll T T T T I T T T T I T T T T I T T T T I T T T T ; T T T T I T T T T I T T T T I T T T T I T T T T
“ osk -~ 7 oosk 4 = o3k .
- LHChL - - LHCb - - LHCDL
0 \\V—/ 0 ﬂ_-_\—*“\\\—‘ 0 /_'-—____—-—-__“
05 — 0.5 — 0.5 —
PSR RS S ST IS S S [T S RS PRI S SR NS ST SR AN S S S T S S S N S S PP TET [T T S ST ST [T A [T ST
2 3 4 5 6 2 3 4 3 i 2 3 4 5 . ]
g* [GeV*/ 4] g* [GeV¥ 4] g [GeV-/c]

e | xtract directly the zero crossing points of the observables
Y SP

g2 (S4) < 2.65GeV¥/ct at 95% confidence level (C.L.) ,
g (Ss) € [2.49,3.95] GeV?/c* at 68% C.L., . New
g2 (Apg) € [3.40,4.87] GeV?/c* at 68% C.L..
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Compatibility with SM LHCB-PAPER-2015-051

o Ayxfitfor RC<C9> IS PerFormcd to the CF~averagecl angular observables ]:L,
AFL’) and 5%-59 obtained from the likelihood fit to the data

e No additional effective couplings tested
. Compatibilitg with OMis 24 06

e A fittothe moments gives

consistent results but less -

) 15
precise
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JHEP 09

(2015) 179

e Differential branching fraction and full angular analgsis

B(B?— ¢utu™) = (7.977043 £0.22 4 0.23 + 0.60) x 107",

&

L]

LHCDb
SM pred.

= Data

,/J"']I""I""I""I'_
4
111 IIIIIIIIIIIIIIIIIIIIIIIIII

B

by = Lh v =1 o0

L S

dB(BY—ouu)/dg? [10°Ge Vic4]

5 10 15

3.3 ¢ inconsistency with SM
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0.5k
0.0

0,55

| 1
L
! —h,,,,h,‘ ]

tn

10 15
q* [GeV?/ 4]

t’__?rl.[}:- —

&5§+ﬁ

0.0 e

—ﬂSé ~—4——

~ LHCb

Mniv

10—

08/12/15

f

-
q* [GeV?/cH]

-0.5

1.0b———

0.5}

0.0

0.5
10—

JHEP 09

(2015) 179

—

~ LHCb :

SM pred.

*Data

1.0 ———

C
T
9
=2

-
Lz
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b—su*u- brancing fractions

smLCSR  Lattice ~-Data _;Eﬂ%? - Sinned
R L ST T 71— Basedon
B" > K'utu - 0 %0+ -~ LHCb 1/ftb; update
LHCb A B" - K"y in progress

dBidg? [107 x ¢* GeV?]

T. Gershon - GGI 13 - 2015

- LS

0

[} TR S T P P T T L .": PR M
0 5 10 1 0 | , 20
2 r:;2 [GeV</c*]

dB/dg? [10° x ¢*/GeV?]

'l"_| *;i'_ I =~ -: r I
o oE LHCh 3 = A A
: B = - LPE SM presdictis
> °F E o '
5 7E 3 % 1af IJ H 3
;5.-' 3 = = H ™ D :
= OF = = 12F -
R = oL it .-
= 3E = =T ™ Bomomaead [ ]
g af 1 B :
Tk E 1|.-‘{}.4+ =
F 3 = </ F 3
% N: , L 0207 { ' LHCb -
I:1 S , , =
¢ [GeVZict [0 5 10 15 20
/ g2 [Ge V]

Common trend to be below SM prediction at low g2
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Lepton universality in B*—K'l|
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R, in B* =K'l PRL 113 (2014) 151601

*NFK' U 'I,u‘) (*’I\*'rift;r(e' e )K" )
° - + + Ry = = =
Normalize the B to the BP—=K J/\|I to K (J\I krere ) \N 1wt i)k
cancel systematic effects mainlg due to the s €xtere-\ (€1 wlut i)k
different energy loss (see tail alow energg) €kt ) \€Jfyplete )K" ‘

. RK measure in i<q2<6 C}f:\/?-/c"r is 50 from
SM Precliction

Ry = 0.745700%(stat) £ 0.036(syst).
e LHCb g BaBar 4 Belle

— A B L R L L B V. R R L L L
L 40 + LHCb 1 = | LHCb 1
= 30¢ Lop 0 g
% i (d) - i
= 20¢ 1E ]
2 i + SM- 1
=T: ——— :
g 0.5 _
O - 1

5000 5200 5400 5600 o e
m(K"e*e ) [MeV/c?] 00 5 10 15 20

q* [GeV?/c4
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Rare decays prospects

. Moving away from discover9 and towards Precision era
- for bs—&tu
o [ull angular analgsis of bospup shows several interesting 30 PSM effects

— Ongoing effort to control hadronic uncertainties

e More decag modes to be studied to explore the full Potential

e (_ombine all available informations with global fits to effective couplings (Wilson

coefficients)

e b-oduuis bccoming also interesting
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B— Dty
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New physics in semileptonic decay channels

. Semilcptonic &ccag channels are used to extract CKM matrix elements with

good Precision because of the factorization of the hadronic ]eptonic current

e |naddition charged lepton univcrsalitg assures that Aécags to e, UL and T should
differ on]g In Phase space and he]icitg suppression

. Man9 extensions of the SM instead Predict a difference between lepton
ﬂavors, forinstance a charged Higgs type ” THIDM would couPle

Predominant]g to c!ecags into T lePtons

T

. W‘/H;,/:/FT
B{ E—: %lri -tc@;-r(g:: . }D(#)
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RD e RD* in B—>D®™tv: BaBar
"o (_anaccess both RD and RD+

&
2

Signal reconstructed in ’C~>MVT N BF (B-)D T Vr)

R(D)=
. Normalization has same topology as signal ———— BF(B_)DIVI)IZ&M
pology g

— ]s also ]argest backgrounc} R(D* )_ BF(B—) D* ‘EVT)
e (Jncertainties cancel in the ratio BF(B_) D"l Vz)z:e,u

- D®reconstruction, D, Tracking

- l \/cb l ) form factors . v. iy

i Y.

. Btag 1Cu”9 reconstructed into hadrons - B, -:ﬁ-';' -

i i
_ A”ows to reconstruct charge and ‘>‘;- i et ‘%ﬁ
tag

momentum of signal B

Evergthing else should come from the signa] B

- Not Possible at hadron colliders
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RD e RD* BaBar results  PRL109,101802(2012)

PRD88,072012(2013)

m.. =(P. —P

e e Btag -

P—P,.)

150

100

=

»  Main sist. related to [D** bkg

fixed on control samp]e

g

14

Events/{ 100 MeV)

a4
.
B
-t
1y
r
=
-
o

Events/(0.20 GeV?)

2. B 5 2 2. B &£ 202 -

L

Events/{ 30 MeV)

s

e i3 b
m?i.. (GeV?) Pz | (GeV) "o 05

- 4 signal samples (D, D DD v

e 4 control samples (DD DD )nelv

to derive [ lv backgroun&.

[

1 K5 2
Ipil (GeV)

Isospin constrained results:

R(D)=0.440+0.058+0.042

R(D %)=0.332+0.024+0.018
Significance >8 ¢
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BaBar implications for a Type Il 2HDM "=-199.191802(2012)

PRD88,072012(2013)

T}jPC ” ZHDM can describe the higgs sector in
the MOSM

dr,  GilValPlp) e la? m2\2
= (B (AR

o Diftferential Clccag rates dg’ 967 m3, q-
i 7
ms 3ms;
11+ 25) + I
q 2q

& 1 1 ¢ 2
are modified bg a charged higgs HHDM = psM (l +(Sp = 57) ! )

m_(my, + m,)

N a q»’— dependent manner 0.8
’ ’ Glﬁ

3 Cons:&er different values of tanB/mH+: a
= 04

generate necw sigﬂal shapes and measure

R({D®), compare with SM Pre&iction
e Resultis incompatible with 271 DM

R(D")

02 04 06 08 1
tanB/my+ (GeV™)

0
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RD* in B—D™1tv: Belle arXiv:1507.03233

e New result this summer with more sophisticated analgsis

e Divide the samPle inlowm___ to fit normalization sample and cross feed and high m_.__to extract signal

miss miss

from NN
) [ )]
2 - B> D*v 21000
€ 3500 €
L [ - B— Dav Ll
3|:|.|:||:|.:_.... P af s= e e mam e mm s mm . B_} D*]‘U 200
C B— Dlv
2500f+---
- I wrong charge 600
2000+
1500F 400
1000Hm
- 200
500/

!':c:

- Do¢- sample ©
[GeV’ic’] M7 [GeVc?]

1

1.4

ME

miss

0) Signal cross feed, wrong charge and combinatorial
Cross feed - constrained or measured from sidebands
0) D** yield free parameter of the fit

normalization
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RD* in B—D™1tv: Belle arXiv:1507.03233

e Resultis COmPatiblC with both PaPar Neural network signal and background
gsaz * — n+
and SM g ol D* ", g
, , 20::] - " Hl E
. Repeat analgsis for 2HDM type [| with k HJI[ |‘J 3
tanf/my.=0.5c2/ eV _ u "J L (.8
10 r I N
o il 1. w o [l JL"J"” E
DEWWFTWMUWHWW Bilin,

g 0.7 :— SM 98 w95 04 02 0 st b
. E B BaBar
l_ 7 JE [N S
0.6— ® Belle —4 - T
- 0.9- A
o 0 85 — theor. R 1
51 P I
_ —3 - [l measured R IS
0.4 :— 0.7 :— ﬁ__ﬁ_f theor R* L R ;r. I,
' : D6 E— - measured R* ;Il;'f lll_.l
C - J5s
0.3 2 " 1
: I fodif
C i *

_ g R
D2 '_'_ ..“f K.z _,-'z //7,
| 1 - M%z%é/ = 2

0.1 :— 0_2E = \:1}:*:-5 &5
: 0.1= SRR
D - I 11 1 1 | 11 1 | | 1 1 1 1 J L1 1 1 I L1 1 1 | 11 1 | J L1 ﬂ E | | ‘ l | | l
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 % 01 02 03 04 05 06 07 08
R(D) SM tanp/m_(c*/GeV/)
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RD* in B—>D*tv: LHCDb rhys.Rrev.Lett. 115 (2015) 11

3 Trigger on the charm componcnt

. Selection of signal exploiting excellent seconclarg vertex reconstruction and

muon identification
e Treconstruction egiciencg 77.6% of the v} normalization mode
e P meson restframe is not known: determine 5 direction from 'V and IS vertex

— APProximate B boost a]ong the beam direction with boost of the visible

sgstem
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Backgrounds and signal fit rhys.rev.Lett 115 (2015) 11

« MI fitto m2 ., E—w q? distributions with 3D tcmplates representing signal)

normalization and background sources

. Largest backgrounds from Par’cia”g reconstructed scmileptonic decags
- BoDry

e K nown resonances modeled using template from M, validated on
D*+u~n+
. Higher charm states models using ISGWZ

Fit to the control sample with background templates
_.’—. IEJ:H:I_" IIIIIIIIIIIIIIIIII]J_I'II(III:;_' _"_‘ TTT T T T T T "I""I]_'_.I:I('_:t": _;—* __I"'I"'I"'I"'I"'l]_-:_[_i:db:__
o F 1 = H, 4 e 12000F ]
< 1600 i = 1400 ! 1 = : ] | — Data
S 1e0of 1 £ > loooop 7|mmB — D
= Loop EE = 8000 | | M B — D*H(— MX)X
7 1000F i 2 = - 1| B — D**Wv
E Em:— = ":E g 6000 ] B — D* h
= O | d = | | N B — Dy
5 F E 8 000 ] Combinatorial
E: : 2000F P Misidentified p

L
g* (GeVic™)
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Signal fit result Phys.Rev.Lett. 115 (2015) 11

. Semilcptonic &ecags of a second charm hadron in the event represent a

signiﬁcant source of backgrounc!

. Empirical corrections to the templates extracted from fits to D* -kt control

sample

e Muon misidentification and combinatorial also modeled with control 5amPles

70000 - T - ]
o ) L2 3
S = 25000 8 1@ B — Do
> i E
= é 20000 - |l B — D"H.(— hX)X
™ = = . —
3 Z 15000 Z 3 Il B — D™k
3’ S S J M B — D'uv
3 10000 |- E Combinatorial
10000 5000 P Misidentified n
0 0

T e T N S | W
1000 1500 2000 250
E,* (Mel)
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Fit in 4 g2 bins Phys.Rev.Lett. 115 (2015) 11
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Result Phys.Rev.Lett. 115 (2015) 11

o R(D*)=03%6+0.027(stat)+ 0.030(syst)
e |n agreement with Prcvious measurement

e 210 higher than SM

Belle
PRD 82 (2010) 072005 |
657x10° BB |: *
(Inclusive Tag) '

PRD 88 (2013) 072012

471x10° BB
(Hadronic Tag)

Belle
arXiv:1507.03233
772x10° BB
(Hadronic Tag)

LHCb i .
PRL 115(2015) 11108 { ™

3.0 fb’ T )
(T— ULVV) | \ S
1 1 | 1 I 1 1 1 1 I | 1 1 | :l : 1 1 | | I 1 Zquili e 7T77/I/ 1 1 | | 1 1 1 1

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Standard Model R(D%*)
Fajfer et al, PRD 85 (2012) 094025
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New HFAG average rhysRevLett 115 (2015) 11

M. Calvi
EPS 2015
;‘?‘\ 0_5 B 1 1 1 1 I I 1 1 1 | 1 1 1 1 | 1 1 1 I ]
- [ == BaBar, PRL109.101802(2012) ,5;,3 —10 -
&7 045F = Belle arXiv1507.03233 ’ Z
- LHCb, arXiv:1506.08614 ]
N m— Average i
041 —
035 -
R(D*)=0.252 +0.003 030 -
PRD 85 (2012) 094025 ~3 ]
R(D) =0.297 £0.017 025 . HFAG [l
PRD 78 (2008) 014003 SM prediction p(_;,_:); ]
0"} ] ] | L ] ] ] | ] ] ] ] | ] ] ] L
02 0.3 0.4 0.5 0.6

R(D)

R(D*)=0.322 £+ 0.018 + 0.012

HFAG average
R(D)=0.391 +0.041 + 0.028

Corr (D,D*)=-0.29

* Difference with the SM predictions at 3.9 o level.
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Lepton Universality prospects

. Expand the Phgsics program searching for other modes

— Measure a ration similar to Rk(B—)Kpﬁu—/ﬁ—)Ke*c-) N &ecags to
K*0,A etc

- Expancl Dtvto D Ds, Ac
— Search for lePton number violation B-1v, Ktv, Kev etc.

J Most19 Be”e~”
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Conclusions

. Man9 recent exciting results

e Sides and Ang]cs

- Reached high Precision and consistency

— TI‘ICFC is margin to imProvc scnsitivity on both B and Y, l \/ub/\/cb l ,Amy, Am, with more
statistics (be”e ”, LHC}D ngra&e>

o Rare &ecags
— Hints of deviations FromSM Pointing in the same direction?
- ls there a way to exP!ain the observed pattern of deviations
. Lepton universalitg

— |nconsistencies with 2 1]DM TQPC || confirmed

— measurements Pointing toward a bigger coupling to taus and electrons w.r.t. muons

. Puzzling

- Needto imProve exPerimental sensitivitg: more decag channels and more data

08/12/15 G. Simi - WHEPRP - lIT Kanpur, India



Backup
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y determination Trablesi, FPCP 2015
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First Model-independent GGSZ by Belle
larXiv:1505.07550]
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fAh_H (p)dp GLW+ADS by LHCDb

Xiv:1407.8136
r<0.87 at 68%cCL | A70v:1407.8130
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