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Charm Mixing t

Short Range W

¢ —>—WWWW—>—— U

Charm Mixing in the SM d,s,bY Ad,s, b
» Only up-type quark system with U —— WWW——<—— ¢
mixing/CPV Long Range w
» Mixing enters at 1 loop level in SM, 7T+, KT
GIM and CKM suppressed
> Non-perturbative long-range effects )0 50

may dominate short-range
interactions, difficult to calculate

» x,y expected to be small in short and T, K™

long range limits, CPV expected to be
O(10-2) in SM o N

» |f enhancement of CPV is seen, could 2
'
be caused by New Physics (NP) ( N P . A>
u =t <«

Mixing Hamiltonian : H =M —i/2T" (2x2 matrices) induces mass cigenstates:
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PEDRO PASCUAL

DY mixing from prompt D™* 2DV ", t

DCS

D* > DK ") n*, , D 2> DY(K* 1) n*,
where pion charge tags D flavour

LHCb 1 fb" : Phys. Rev. Lett. 110 (2013) 101802

LHCb-PAPER-2013-053 in preparation
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DL 1 Back d - 20 Background -
2T e 3 2 -
e 2 ;' | - 8 5 3 7, candidates E
@B . F > [
1S5k 4 & [
S 4 S 10F
S 1 ' 1 ©T ¢
S F = [
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2.005 2.01 2015 202 2.005 2.01 2015 202
- (DY) [GeV/e2] M (D)) [GeV/c?]
D, ) i ~
D*.-=* < K 3/_' ;i::,s/?zu;:fentzto- Example fits with part of full data. In
vertex being well total ~64 M RS candidates and ~0.23 M
constrained to X
measured PV position WS candidates are collected. L. Sun at CHARM 2013 Manchester
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D*0 > DY(f)r'. flavour tagging [ EiEe.

Background characterization

h-

® The DY flavour is determined by  pe decay vertex
the sign of the slow pion in the K;

decays D™*—D(f)m.*

'..-l-llnn.s...

D’ production

® Signal and background
discrimination by the D°

invariant mass and delta mass "‘;: <
- Q
(Am=my«-my,) s s
™
= -
o
. g
® Partially reconstructed charm 2
background modelled using Z
simulation -
1820 1840 1860 - 1880 1900 L
My, (MeV/c?)
A random slow pion bkg
S. Borghi at CHARM 2013 Manchester B combinatorial bkg + specific bkg
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Charm Mixing hezas

Ratio of wrong-sign to right-sign decay rates:

P ) LHCb 1 fb-! datasample
I X+ 4 3
R(t)~R,+Ryy' =+ = < A
7 - -
T 4 T -+ Data ]
decay interference mixing 6.5 Mixing fit E
6F - No-mixing fit ;
c-q-\ F I — BaBar E = .
81 .5_ ; — Belle 55 :_ I/ .
> I 3 LHCb 5 _
I — CDF (9.6 fb™) 45 _
1 : 5
I 4t E
; 3.5F g
05__ 3 :_ | e | /s -
I 0 2 4 6 20
| R A T
i CDF: 6.1 0; CDF Public Note 10990,
L LHCDb: 9.1 0; Phys. Rev. Lett 110 (2013) 101802
-0.05
X2 (107 Babar: 3.9 0; Phys. Rev. Let 98 (2007) 211802
8 strong phase difference between CF and DCS : Belle: 2.0 0;  Phys. Rev. Lett 96 (2006) 151801

X' =X cos(d) + ysin(d) y' =y cos(d) — xsin(d)
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CENTRO DE CIENCIAS

Latest LHCb results on charm mixing
LHCb-PAPER-2013-053 in preparation [3 fb-']

* The current LHCb results are consistent with other
results, and provide an update to the previous ones

r;._‘ B I | | | Mo T T T T T T ]

= 50 E e 16 LHCb 20127
— 12F — I PRL 110, 101802 (2013,

[ ) ] = 10} “. . ——1loLHCDb2013-

10F ; ; preliminary

| N it :

51 . i

I Ty ] 6 ]

s é mmm o ] i :

0:_ % 3 J]ko (2007) . . 7 4r .

o lgBelle T
o o — [ -
: C%FPublxc Note 10990 (2013) - - | | ]
1 l 1 L 1 1 1 1 1 1 1 [ 1 L 1 L -~ L - ~ ~ -~
N 05 0 0.5 0.4 -0.2 0 0.2
X7 [107] X" [107]

L. Sun at CHARM 2013 Manchester
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CPV in charm mixing e

* Allowing for CPV, the WS/RS ratios are
expressed separately for D° and D°:

(2')2 4 (y'T)?

‘)

* RY(t) = R}, + v@ y' Tt + l t*, | Mixing measurements on
y , ) t yl2: '+ *+
- - = @R WR R, x'?t, and y'*in D™, and
R™(t) = Rp+ V Rpy t+ 1 " | look for the differences
.. + -
e (1 iz‘nr)m( ' ity Ap = Ry — Ry
el T cosQx y s e . — —
1F An R;) f R/)
_ 1/4 .
- 1+ Ax o) CPVin WS decay
; | F Ay E ?mplltUde
(Direct CPV)

Inl2 — |n/al2
.4:\] — |lh',[’|_2 I]’,v/‘ll.). = arg (2> .
la/pl* + |p/ql? p
CPV in mixing / interference between
mixing and decay

L. Sun at CHARM 2013 Manchester
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LHCb results on charm mixing |/

LHCb-PAPER-2013-053 in preparation

T . . . :
i -1 — [ ]
* Fits tothe 3fb” data © | LHCh
for 3 different e f prefimmary. -
4 -
hypotheses on the ' :
CP symmetry oF : -
w - .
= SF — CPV allowed
'ae e No direct CPV -

4 .

S
P
~U
<
lll

Efficiency corrected
differences between the
WS/RS ratios of D ™*

L. Sun at CHARM 2013 Manchester
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LHCDb results on charm mixing CPV

LHCb-PAPER-2013-053 in preparation

CENTRO DE CIENCIAS
DE
PEDRO PASCUAL

T T T T T T T T T T T | T T T T T T T T T 1 ] |
10 - s -
L LHCD CPV allowed No direct CPV i No CPV
L preliminary 1 o,
* - L "o.‘:"o, -
o.‘
fr— 5
e L 4 ‘o
o )
= S5F - - ’ -
"t F wn00.7% C L
“m (. )6827% CL me(r, 3 ) 68.3% CL. T =-955%CL.
ok —(7, ¥y ") 68.27% C L | =7,y 683% CL | =—68.3%CL |
A 4 L L l A ' L l l 4 L L l i L i l i 4 l L 4 4 l l
-0.2 0 0.2 -0.2 ) 0 R 0.2 -0.2 0 0.2
x“ 1107
LHCD preliminary Uncertainties are statistical and systematic combined
Direct and indirect C'P violation no direct C'P violation no C'P violation
Rp |lﬂ 3] 3.568 4+ 0.066 Rp |10 3] 3.568 = 0.066 | Rp [lf) J] 3.568 £+ 0.066
Ap [10-2] —0.7+19 |y~ [10-9) 478107 | v [10-2] 4.81 +1.00
Yt (109 51+14 | 2% [10-7] 6.4+55 | z? [10-5) 55+4.9
g2 (1077 49+70 |¥ [107°%]  4.83+1.07 | x*/ndf 86.41,/101
y (109 45+14 |27 [10-7] 46+55
7 [10-8] 6.0+68 | x?/ndf 85.99,/99
x2 /ndf 85.87 /98
L. Sun at CHARM 2013 Manchester
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Af(D° — f) DO_}f _qz‘if: q, As i

Af=——= = — =||—|e
F= 04, nerl -l
1 .10
Af (D — f ) =0 ¢ : phase difference between decay and mixing
D B Hep=*1
q 2 A2
CPviolationin MIXING  |=| ~ 14+ A,, |A_f‘ ~1+ Ay DIRECT CP violation
p f |

B since x = Am/I, y=AI'/2T" are very small, perturbations to single exponential are tiny
B they can be measured in precision experiments

D(DO(t) — f) = le—”\Aﬂ? (14 [Af|*)cosh(ATt) + (1 — [As|*)cos(ATt)
2

+2Re(Af)sinh(Al't) — 2%(/\_/-)sin(Amt)}

D(D°(t) = f)  Ap—=1/Ap S — =S\
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1

Charm indirect CPV observables t

- 1 .
a‘éz’}; = — §Ad a"(}'“g = 2 Amycosqb + xsmgb INDIRECT : particular theoretical interest

Effective lifetime: 1/T - fit to a single exponential parameter: eTefft

DY and D° can be tagged at t=0 (both at e*e- and hadron colliders)

1

T r
eff + eff )yCOSQb 2 7nx37’n¢

2I°
—> least affected by direct CPV

—lr%ncp (1——A2

Yyop = g m

1_\e - 1—‘e
Ap = I f If

dir ?nd)
Lepr+ Feff

~ nop (—aGpycosd — adip

- a contribution from direct CPV still exists, at the level 104

see M. Gersabeck et al. arXiv:1111:6515 (2012), A. L. Kagan and M. D. Sokoloff PR D80: 076008 (2009)
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Charm direct CPV e

Asymmetry in decay rate (time integrated):

Acp = L(D%) — F(D_O) ~ adcz}; Ar<—> <t > :average decay time
(DY) —T'(DY) D of the observed candidates
(t) 1 for B-factory experiments
% 1 2.083 +0.001 for LHCb
2.53 £0.02 for CDF

AAC P = AC P (K + K~ ) — AC P (7‘(‘ +7T —) reduce experimental systematic uncertainties

() A
AAcp = Madip (1 + ycos¢< >> (a&"ﬁ + adi® ycos¢) )
TD ™D
small negligible

= AAp : largely a measure of DIRECT CPV (while some contribution from indirect)
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AAcp from DO hih decays [/
Time dependent asymmetry for D decays to a CP eigenstate :

A (f t) — F(DO (t) - f) - 1‘*(50 (t) g ) d1r (f) 1nd
< r(D°(t)—£)+T(D°(t) =) iop

Measure AAp between D? 2 K*K-and D° < n*n- decays

Assume equal decay time acceptance for K'K-and n'n-
Two datasets:

e Prompt: D™ > (D° > h*h) n*
 Secondary: B> (D? > h*h) u X
E In both cases assume:

Little overlap
between them

(statistics and systematics)

Update
New result

AAq =Ag (K'K") - Acp ()= [adCiIr’ (K'K") - adCilr’ (v )] < > &

=~A_ ,(K'K)-A_ (tx")

raw

P Insensitive to indirect CP violation = universal to both final states
+ h
v h v
\\’WD- ------ r// > h B P """"""" v g h
ST e = >V
D*t . P _
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*-'- O _l_ SENTRO DE CIENCIAS
AAp from prompt D" =2 D '

AAg, = [aé’; (K" K*)-aly (.77,'_.7'[+):| + &
Tp

CP

Q) LHCb A N Lok Ty N\ r 3
25000 Preliminary ,-" \\ E % 6000 Preliminary y =3
27 i : PI: FEEA :
20000F ; § -1 - =
Sk i ] S f \ 1 Raw asymmetry given by:
= 15000F- ; i 3 = 4000 / \ = M ry g y:
7 - ; : ] ” E i E
L C H 1 ] L - Y - =]
3 10000 / R - ha: // \ ] Araw (1)
3 o / 3 : 5 2000 \ =
5 soof- I I . Acp(®) + Ap(t) + Ap(,") + Ap(D™)
g / ] 3 E )
%‘ ~4—-/ 1 " 1,¥ d E %M ol 1 \\g E L] TO ﬁI'St Order AD(f):O Wlth
1820 1840 1860 188(_) 1900 1820 1840 1860 1880 1900
mEKK") MeV/c) m(rn?) (MeVie?) f=self-conjugate
% somoE LHCD ' it (Pindof = 1.24) L sowE LHCD — Fit (indof = 1.84) «  A.(n."),and A,(D"") depend on
EWE Preliminary glatckgrgm(.\)d ) 3 ;,70000 £ Preliminary g:cmkgrmmd i)( S )> P( ) P
Z 40000 B E Z o000 - - D** kinematics
S o0 k 2.24M = < s 0.69M : : :
£ 20 F- E £ ook e Soft pion constrained to primary
" o000 \ 3 e 3 vertex
th 5 10 o8 o 10
8 m (MeV/cd) 3 m (MeV/c?)
+ |- + -
KK T 1T

LHCb-CONF-2013-003 , Phys. Lett. B723 (2013) 33.
AA.; =-0.34 £ 0.15 (stat) £ 0.10 (syst) %
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AAgpin D > h'h from BODUX  [isem.

DO flavour tagged from the muon charge

LHCb (2 ]

Magnet up Magnet up

3 sooo : S o LHCb () | LHCb-PAPER-2013-003

= C -e-Data ] = —+-Data ]

2 S o Phys. Lett. B723 (2013) 33,
= L ---- Signal R = 2000 ‘® - Signal ]

4] 40001 [ Comb. bkg. A P [l Comb.bkg. 3

2 i ] £ ‘N Wp— k]

= 2000 g 1000 4 g

£ L = -

5 3

. - . R . R " _5EL 1 _1 —
1830 M(K_K*igfol\(fiewcz] 1800 1830 M(rlt?(r)tq) [MeV/c?] LHCb [1 '0 fb (201 1 )] A'ACF)
:E M'aguetdolwn ILH‘Cb l (cl) ] ;: . LHICb '(d)l ( +O.49 i 0.30 (Stat) i 0.14 (SySt) )%
EIOOOO-_ —e-Data ] ﬁ 4000 —-Data 1
= [ — Total I 4 — Total i
= i ---- Signal | = i - Signal 1 . .
g sooof Weabie | { memne | It does not confirm the direct CPV
2 kS X Mp'—kn )
2 | = observed in other analyses
© S s

h ©

. 1 . . I . _ P B
1850 1900 1800 1850 900

M(KK") [MeV/c2] M( rlt‘n*) [MeV/c?]
K* K™ (559k) T 11 (222Kk)

® Raw asymmetry can be approximated to A, = A + Al + A5,
@® AB,is the b/b production asymmetry, independent of the final state particles
® Re-weight DO (p;, 77) distributions to account for differences

in A¥; between the nt and KK final states
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Combined AA ., from 1fb LHCh |/

® Naive LHCb combination (assuming negligible indirect CPV):

D*t-tagged  —0.34 =+ 0.15 + 0.10% (preliminary)
Muon-tagged +0.49 + 0.30 & 0.14%
Combination —0.15 4+ 0.16% (preliminary)

® The results are 2.20 apart (compatible at 3% level)

® More on tape -- total of 3 fb™' recorded before LSI
®*Work in progress to isolate Acp(TT" TT7) and Acp(K* K7)

M. Charles at CHARM 2013 Manchester
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Apresults : DO lifetime fit  [aSe—

LHCb-PAPER-2013-054 in preparation

® Measurement of the lifetime for each final state and each D° flavour

D ' T y T ' Y - " - - - -
& jof LHCb * [?Tla +H & LHCh " e ![:)am 1
S .- — I G L. — Fit i
S Preliminary Signal 1< Preliminary Signal |
= —0 P s = Secondary 1< e = Sccondary -
> 10 D" —-K'K —— Promptmd.x, | = we Prompt md. 7,
% — = Sec.md.x, E IS — = Sec.md.x, .
=R | N . U — 1 = - = =- Comb. bkg ]
m ] m -

10°E E E

10

Pull
N o
Pull
h o e

t[PS(i
Ar (KK) =(-0.35 + 0.62,,, + 0.12_,) 10-3  LHcb
Ar (Trr)=( 0.33 + 1.06,,,, + 0.14, ) 10-3 preliminary

No evidence for CP violation No difference between the two final states

I+
+

S. Borghi at CHARM 2013 Manchester
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HFAG average for A

CHARM 2013

| ”_AG.C(; — ) I 11Ty I rrn I v I Try
CHARM 2013
Belle 2012 } % . % I -0.030 = 0.200 = 0.080 %
BaBar 2012 | - 4 0,088 = 0.255 = 0.058 %
LHCb 2013 KK H <0.035 £ 0.062 + 0.012 %
LHCb 2013 } . . 0.033 = 0.106 = 0.014 %

World average H -0.014 = 0.052 %

lllllllllIllllllllllllllllllllll

02 -01 -0 01 02 03

B. Adeva, University of Santiago de Compostela Taller de Altas Energias TAE
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New |HFAG Average for A,

If Ar=0
=> CP violation

S. Borghi at CHARM 2013

Benasque 15-28 Sept, 2013
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dir ind ; 0 o
acp’" versus acp™¢ 1 DY meson

+a 0.02
35 0%
< CHARM 2013

0.015

AA, BaBar
AAp Belle prel.
AA_, CDF
Bsy AAgp LHCb prompt prel]
FZZZ AAgp LHCD semil.
[ ] AL LHCb 2010
E=X] A BaBar
27| 74 A Belle prel.
e A LHCb KK prel.
v d A_LHCb mnx prel.

i 5 D W S 9 o

AT TAATITF
..". .. .' LL7
7 -.."'"',""',,' 77

7
(7

Q_ / 1 I I - | I

.02 ' e e
-0.02 -0.015 -0.01 -0.005 O 0.005 0.01 0.015

6.02
aind
ind cpP
acp = +0.015 £ 0.052% Compatible with no

adl, = —0.333+£0.120% ~ CPvat20%CL

M. Charles at CHARM 2013 Manchester
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Direct CPV in D' > Ot / KO+ [

Searches for CPV in D¥*— &1t

(=0.04£0.14 £0.14)% LHCb [JHEP 06 (2013)112]
(+0.51 £0.28 £0.05)% Belle [PRL108(2012)071801] T Mo
(—0.3+0.3+0.5)% BaBar [PRD87(2012)052010] ok -
e 18001950

dr” mass [MeV/e?]

10°

Candidates / (MeV/c?)

D;

5

M L PP
2000

Searches for CPV in D*—K0gmr* oo
(—0.3634£0.09440.067)% Belle [PRL109(2012)021601] ﬁ?&o -r~—~i~_+_|]
(—=0.444+0.13+0.10 )% BaBar [PrRD &3 (2011)071103] s oo
o.015 : A l

This is significant! Butit is driven by K® CPV, and . | Belle
value is entirely consistent with this single source =2f =

. 0.03
(Also see JHEP 02 (2013)098 for K'sK* result) o 0s C

lcosas |

Even in SCS modes searches now at per-mille precision. Prospects of direct CPV
revealing clear sign of NP receding. But still of great interest to find a non-0 signal.

A. Schwartz G. Wilkinson at CHARM 2013 Manchester

22
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Rare decays { o

Rare decays probe fundamental principles of the SM

E B(s) > H+H_
B b - su"u transitions
BY 2> K*I*l-, B = K'I'l, B, =2 ¢l ,A, 2 Ap"p, BY 2 X I'I-

B B> Kany
E By2ew
B D> utw

E D'y
E D2 mup’

E T2 ppp
B 1 2puw,t 2 puw

B. Adeva, University of Santiago de Compostela Taller de Altas Energias TAE Benasque 15-28 Sept, 2013 24
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B> puu WEzas
The two very rare decays B, > p*u~ and B’ > p*p~ have
drawn much interest !

Easy to predict SM branching fraction with great precision

BF (B, 2 p'p™ )y =3.56 £0.30 x 10 (time averaged)
BF (B’, > p*p )y = 0.10 = 0.01 x 10

Sensitive to the scalar sector of flavour couplings

; u b
b XAt _ W+ >
t ] R VR - LA Z SM
] W L s — il
R D2ND VNP I v
b , —
=
) b L b H ut
o H‘A G —— S . — — pr——
Xi ——— - u_ — - - LA o \ l)l, _
S ,! S H s W u
~-2 —_—Td A
L + i !
o . TR | (N .1 b H
) \H o o P
t§ S hAl tA . A - —Hd- - -
: ~ i Cs .
> —_— A
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Que St for B O S 9 u+ !Vl_ @EZLZO;Z;;TCIAS

90% C.L. Upper Limits

L ol E ”I 1 I I | I I || I I I 1 I T T I I ?
LHCb: Phys Rev Lett 110 (2013) 021801 (2.1 th—1) ? - E s =
E =
CMS: J. High Energy Phys 04 (2012) 033 (5.01b—1) @ : ) - A =
-6
ATLAS: ATLAS-CONF-2013-076 (5.0 b~ 1) @ OF . 0o E
CDF: Phys. Rev. D 87, 072003 (2013) (9.7 fb—1) 107 ’ —
DO: Phys. Rev. D87 07.2006 (2013) (10.4 fo—1) 0t b N -
S. Hansemann-Menzemer at EPS2013 N .
10 79 2009 <200, <004 <005 <005 <079 0713 " afgiq
<©
CC: two central muons l& ¢
CF: one forward muon — _ S ‘
> E= Signal region events § E _ L e
, 0367 <v, <0995 v, >09% £ 35 E Control reglon events 8 ATLAS Preliminary B=TTv ‘_“:
B, & 3 ESB) - pu SMx 5 _ = 2 e Dats Iw:usE
3 ~ — Background estimate § —— By MC (108 :
§ X E 2.5 & 3
B a 2 :
g, 15 E
8, 1 i, f E
= B | | . .
3¢ 0.5 E g .o ’j§|7| s 3
. :5-'a=-'=s . 4800 5000 E200 ~ 5doo Koo * salo >
89 5 5152 53 54 5. gg=on

5410 52 W0 70 s 2 =W sae

M(pp) (GeV)

my, (MeVic?)
95% CL:
BR(Bs — pTpu™)<31x 1078

95% CL:
BR(Bs — putp")<15x 1078

95% CL:
BR(Bs — ptpu~)<15x 1078
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Decay topology is simple

Challenge is to keep trigger and selection efficiency
high, while rejecting combinatorial background

w

Combinatorial
B_ _—background

w

B. Adeva, University of Santiago de Compostela Taller de Altas Energias TAE Benasque 15-28 Sept, 2013 28
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Combined result BO(S) 2> uu fL

Isolation for the dimuon vertex is very important
For ATLAS and CMS the higher integrated luminosity
compensates for lower trigger efficiency

Both CMS and LHCDb see
B’ - p*p~ at the 40 level
CMS 251b!

LHCb 31tb!
Combination is above 36

B. Adeva, University of Santiago de Compostela

CMS-L=5ib"\s=7TeV,L=20f"s=8TeV

—— data
— full PDF

w
Q
! |

S
o

..... semileptonic bkg
=== peaking bkg

w
o

3
3
it

ﬂ;a
4

S/(S+B) Weighted Events / ( 0.04 GeV)

10—
: f CMS
0‘- TIL. MR :"'\ ‘:)\ N L
49 5 &K1 52 53 54 55 56 57 58 589
my, (GeV)
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Challenge now is to look for B > ptp~
In the SM suppressed by |V > /|V 4* ~25
New physics not following this pattern may manifest itself as
a higher B’ 2> p'u~ rate
Lower rate and peaking backgrounds now a real issue
CMS: <1.110° at95% CL LHCb: < 0.7 10 at 95% CL

a 16— T
> 14k c )
3 4f LHCb ] CDF 10fb ' I ANV
< 12F BDT>0.7 -
3 | .
< ok 3 e ;
z ] LHCb 3fb ' [~
3 r
= 3
= e - 1 L
o * 3 CMS 25 ' |- ' -

l“ ‘l' 'l' l‘“ 3 CMS+LHCb | )

. i . - preliminary y
N bkl PR Y L UV S VT W T W U W W U U WY
My [MeV/ie?] 0 | 2 3 4 5 6 7

B(B"— pp ) (1077
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Combined result B® , 2 u'p t

Combined CMS and LHCD result  LHCb: Phys. Rev. Lett. 111, 101805 (2013)
CMS : arXiv: 1307.5025

BF (B%) = (2.9 £0.7) x 10~ Comb : LHCb-CONF-2013-076
ATLAS limit on 5 fb-! ATLAS : ATLAS-CONF-2013-076
BF (B") <15 x 10 at 95% CL

DO 10.4fb

CDF 10fb '

ATLAS 4.9fb '
preliminary

LHCb 3fb ' |

W sMm
CMS 25fb ' |-

CMS+LHCb
preliminary

PENSE BT | PR N

M
0O 2 4 6 8 10 1

P Y | 1 | | 1

2 14 16 18 20 22
B(B!— utu) [10°]
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B = u'u constraining tggggf;g;jm
Supersymmetry

BR(B, =2 pfu) sets strong bounds on tanf, at least in CMSSM, and reduces the phase

space of Supersymmetry, complementary to direct searches. Higgs mass of 125 GeV

included, as well as other electroweak and XENON100 data. Some scenarios of new
Physics are removed. SUSY now confronted.

6(JDrediction for BR(B. — le—9

5.6
14.8
14.0
13.2
12.4
1.6

0.8

1000 2000 3000 400 0.0 1000 2000 3000 400 0.0
MA[GG‘/J : MA[GC‘/] )

BR predictions in the CMSSM and in the CMSSM with non-universal Higgs masses
NUHMI (right). Allowed region regions of parameter space at 68% and 98% CL
O. Buchmueller et al., Eur. Phys. J. C 72 (2012) 2243 [arXiv:1207.7315]
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B 2 p'u constraining SUSY t
and compositeness
. . . 2.

0

20 J T T

—
&)

15 L MSSM-LL

109 x BR(Bg — pp)
10'° BR(By—»p* ™)
o

0 RSc 10 20 30 40 50 0 0'
10 x BR(Bs = pp)

10°BR(Bs—»pt )

Large tanf with light pseudoscalar Higgs

in CMSSM is strongly disfavored. Straub arXiv:1302.4651
Now in the regime where more "natural" Analysis of several models
O(50%) NP effects can be probed with partial compositeness

Now vital to measure:

- BR(B; 2 p'p) down to theory uncertainty (a few x 10'%) p R(By—ptp~) f%g 5. |Vis|?

- BR(B; 2 p'w) to test "golden" relation between SM and BR(Baoptp-) ~ f123k TB; VialZ ~ 32
MFV, distinguish between NP models @ 7
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4G .

C
H = _/—F Vi Vi (Cz's M4 CiN d )OI'S My — Onp

b > su*u- rare processes where new physics can enter to modify SM amplitudes
BY — K*0* 0~ is the most prominent (large statistic and flavour specificy candidate

Studies in statistical limited By — ¢p™ ™, Ay — Ap™ ™ started

In the SM
contribution from :

O7 ~ mb(gLo'/u/bR)F/_w

b L s b e s Oy ~ (3b)v_a(€l)y
W“{ ' % - O10 ~ (5b)v—a(£)a
[/ L
pt wt
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backward
One very famous variable: ~b o~ b, I* 0
2
App o —Re[(2C77 + L C51T) Oyl .l)(i‘
- A - A)

Introduce 3 relative angles to describe angular distribution of final state particles.

Folding ¢ — ¢ + wif ¢ < 0 increase sensitivity for some coefficients.

eg. App = %(1 — FL)Age
a3(r+n

1
I dcos6; dcos Oy dp

9 [3 . 2 2 1 (2
[—(1 — Fp)sin“ 0k + Fr cos” 0 + —(1 — Fp,)sin“ O cos 20,
32 (4 4
1 ‘
- Fr, cos? 0 cos 20, + 5(1 — P’L)A,(I.z) sin? 3% sin? 0 cos 2¢ +
v Fr(1 - FL)[’,; sin 20 g sin20¢cos¢+\/FL(1—FL)I’I-',sin26K sin 0y cos ¢ +

| T
5(1 - F‘L)AJ{{,3 sin? O cosBp + /Fr(1 - FL)/'L’; sin 20 i sin 0y sin ¢ +

\/FL(l — Fp) P, sin 20k sin 26, sin ¢ + (S/A)g sin? 6 sin® 6, sin 26 ]

New: alternative folding give access to form factor independent parameters

(arXiv:1106.3283, arXiv:1106.3283, arXiv:hep-ph/050206, arXiv:0807.2589, arXiv:1105.0376)
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B 0 9 K*O u—|— !,,l_ KEENTRO DE CIENCIAS

Candidate selection B 2> K*putp
arXiv:1304.6325 (1fb-1)

100 " Candidates selected using a
BDT

= (Tree-level) Charmonium
10° resonances vetoed

= Exclusive and partially

107 reconstructed background
investigated and reduced to

negligible level

el DT T 1 883 * 34 evts
5200 5400 5600

m(Kwutu) [MeV/e?]

Control modes B’ > Jiy K*%and D* - D(Km)m,
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arXiv:1304.6325 (1fb™")

= Results accord with the SM predictions

(Bobeth et al., JHEP 01(2012) 107)

= First measurement of the zero-crossing
point of Agg (error is stat+sys) (SM
predictions in range 3.9-4.4 GeV?/c4)

q = 4.9+0.9GeV?/c!

+m-aim +Thuafy-ﬁmed

&;‘15""]""]""!' ] .F L N AL AL B L B B S R S R L R B R
s LHCb : L LHCb :
k) 1 05 h‘.
B ] OE — ]
Y ot i ?‘b: :
% I ! ’ 051 ]

q° [GeV"’Ic‘] q° [GeVelc"]
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arXiv:1304.6325 (1fb1)

PEDRO PASCUAL

—o—|HCb
""I"": ‘004:""1' T T g
LHco ] 4 LHCb 3
e :
4+ I + . + b
M| . :
] o -
..‘.115“‘.3) 0 ; IIO .115 20
¢ [GeV?ich] q* [GeV?/cY]

oo

o
o
TTTrrrorr

81111[1111 raa sy
&
lllllllll

LHCDb
& [GeV?/cf] q* [GeV?/c!]

Good agreement with SM predictions
Bobeth-Hiller-van Dyk (2011): form-factor from Ball-Zwiky (2005):
Consistent with Matias et al.(2013)
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LHCb-PAPER-2013-037 arXiv:1308.1707 (1fb-")

First measurement of new observables % os

-
0.8
-
-

04

= Results accord with SM predictions 02

—4— Oata :
B L
J. Matias at al., JHEP 05 (2013) 137 02 | -

arXiv: 1303.5794 oA ‘ [ '—+—'
08— —
0.8 —
I P TP I I e
0 S 10 15 20
q® [GeV3/c*]
"o 1 T T L A | T T T
o_,l: LHCh SM Predictions ] Q@ o8 LHCD 084 Prediolions —
0.6 Datn — 0.6 -]
0.4 — 0.4 —4- Oata -
02— — 02— —
o_._._.%._._ ........ —_ 0 — [ (S W .. f— —
0.2}= — 02— -
04— — 04+ -
06— - 0.8 —
08— - 08 —
4 PR ST SRR R [ R ST RN SN (N ST S T S N 1 -1 [ U T W N SN TN SN SN NN SN SN SN SN N a1l
) 5 10 15 20 0 5 10 15 20
q? 1GeV/ch q? 1GeV/ctl
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LHCb-PAPER-2013-037 arXiv:1308.1707 (1fb"")

First measurement of new observables %

= Local discrepancy of 3.7 in 3 bin of P,
(wrt J. Matias at al., arXiv:1303.5794)
= 2.50 discrepancy in theoretically clean

= 0.5% probability to observe 3.70
deviation in 24 independent

) measurements
1<q*<6 GeV?*/c? bin
- © 1 ......... T T 1 - [Ty 1 . . l
a | _
0.8 LHCDb ot Prodictions . o8- LHCb SM Predictions
0.6 — 0.6 —
Data

04 —+ -+- Data - 0.4 + _
0.2 — 02— i —
0_._-_-_._._ ......... — o._ .................. —
0.2+ —+— - 02 -
04 - 04 =
06 + - 06 -
08 - 08 -

_1 M M N M 1 N N M M 1 2 M M N 3 M M N 1 _1 1 1 1 1 1 1 1 1 1 1 1

0 5 10 15 20 2 4 6
q° IGeV¥/c*] q° [GeV¥/c*l

N. Serra EPS-2013
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LHCb-PAPER-2013-037 arXiv:1308.1707 (1fb")

4r B @l
o} it |
= Descotes-Genon et al. (arXiv:1307.5683) SHERES
explain the discrepancy in PS' and other % Of
smaller deviations through a large New
Physics contribution to the Wilson —2f
coefficient of the semileptonic operator O,
-4}

-0.15 -0.10 =005 000 005 0.0 0.15
v

® Predictions for the first two bins and 1<q*<6 GeV?/c* are also given by
Jager et al. (JHEP o5 (2013) 043 )

= Leads to a larger theoretical uncertainty wrt J. Mathias et al.

= Measurements with higher statistics and further theoretical
studies are necessary to draw more definitive conclusions

Espen Eie Bowen at DPF-2013

42
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B—|— 9 K‘|‘ !.«l+ !.«l_ ﬁg{gmno DE CIENCIAS

New resonant structure in B* > K'u™u~ at high ¢?

= Resonance compatible with the Y(4160) meson

= Larger than theoretical estimates

= First observation of both B*->{(4160)K* and {(4160) ->u*
= (Could complicate further b->sp*u measurements at high g*

TheorysmBinned theory = : : : :
-+LHCD (31b") ~+LHCD (1 o) & ' " e data
%. [ T T T T T T . T . s % 150 LHCb tota.l |
2 i /‘\LHCb p~ —— nonresonant
B e | (R — interference
ri’ 2r \ . 8 1005 ----fesonances - -
. : E ; background
o | g 5ol
= i s 50
: I =)
=
< = "
E [ ] e .
ol " N B S ) o T i v
3 2000 2500 3800 4000 4200 4400 4600

m,. [MeV/c?] m,..- [MeVic?]

LHCb-PAPER-2013-039 arXiv:1307.7595 (1fb-")
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B2 Kun~

JHEP 02 (2013) 105 (1fb-")

Theory W Binned theory
- LHCb

T Y

LHCb

single angle 6,

dBidg? [107 x cGeVd)
[=]
FY

1dl[B* — K*ptp~]

3

F [GeVict) r dcos 0;
"’LHCb "'TU’-'leCobry- -
T T | B T lL: ™—TT T
Lo2f’ LHCb {1 odf LHCb T:

-

bl o L

M
T N 20"
R [GeVZ/c qe [GeV?/c9

B. Adeva, University of Santiago de Compostela

Taller de Altas Energias TAE Benasque 15-28 Sept, 2013
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= Differential angular distribution described by

Aqg and F, consistent with SM prediction of zero

1
(1 — Fy)(1 — cos® ;) + éFH + Apg cos

sensitive to Op and Og

44
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LHCb-PAPER-2013-043 arXiv:1308.1340 (1fb")

% Apin Bt > Krptu~

(B = K prp)=T(BY = Ktutu™)

Acp MB- — I\’_IVH_) + (B — K+ptp-) — _00004 j: 0033 j: 0005 :t 0007

~ AL L T T ]
= Control channel B*->J/K* © 02 =
< | —
used to account for C LHCb ]
production and detection 0.1 —— -
asymmetries -
= Left-Right asymmetry 0.0 - :
accounted for by averaging C =
. 01 -
magnet polarity - .
= Result consistent with SM 02 o &
prediction : ]

PR IS N PRI Y S T ST R S '
Espen Eie Bowen at DPF-2013 0 . N = q2 [Ge\?zolc“]
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arXiv:1305.2168 (1fb")

= Branching fraction lower than
SM theory predictions (blue
dotted line)

= First angular analysis of
Bo->uryr

= All observables are consistent
with SM expectation

x10%
£ :_" T T T T T T
E 01._ LHCb A
'B_ L -
?_\ L 4
ot + 4y
< 005 -
b a -\ Vann — +\ ]
% '\-,,‘,,,—"'—;{_' N n
: P \
ol . . .1 ., WO, W, 6 .\
5 10

15
¢ [GeViic]

B. Adeva, University of Santiago de Compostela

B2 ou'p

B > &S KK )utp~
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ST e ] e ey,
I 1 of ;
mﬁ_—l\-qi: - - ] | :
| TI .
o S0 15 e 015

¢ [GeVicH 4 [GeVY e
T Tl ¥ o e
0 {1 o ]
] : 4‘ ;
4’-5;- T . -o.sj_'_—‘
B e T T

15
¢ [GeV¥cd)

15
¢ [GeV¥ A
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arXiv:1306.2577 (1fb-") Ay, -2 A(pm)p

= Baryon decays more theoretically
complex

-
W
T

= Yield of 78+12 A,->Ap W decays
observed, mostly in g* regions above
J/b mass

= Ay,->J/PA normalization mode

[
T

05

dB(Ap* wydq? [107(GeVZ/ch™)

% [ LHCb A AR i
> [ [000-200] GeV¥c* [ [2.00-4.30] GeV¥c* [4.30-8.68] GeV¥c* 0 P— PO PR 5 S £ 55 S IR
§10 - 0 5 10 15 20
S q? [GeV?/ct]
§' 5
g . P = Limits set at low @2
215 uomumcev%‘ [14.18-16.00] GeV/c* T .
g = Good agreement with SM

° expectation

’ | (Detmold et al., Phys.Rev. D87

lmlﬂllhhl H-Aa0..0] RALE Q4R
054 55 5B 84 . 86 S8 4 86 s8 (2013) 074502)

M(Au'w) [GeVi/c?]

BR(A,> A\ uu)=(0.96 £ 0.16(stat) t 0.13(syst) £ 0.21(norm))x107¢
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Less theoretical uncertainties for inclusive B =2 X_ Il analysis

Semi-inclusive analysis from adding many exclusive channels (D
X,= K¥K° + nn with n=1,2,3,4 (at most one ) / = ¢ or Q.D

36 (18 X 2) modes studied

20 (10 X 2) modes used for final result
= 50% of all X

107 @ Data
[ O sM (b>sll)

o5 ) _ ,
+ :+; }\\ Total signal yields

_________________________________________________________ Ng% = 139.9 =+ 18.6 (stat)
N,/ = 160.8 = 20.0 (stat)

Results consistent with the SM

qobey M By Y. Sato at EPS 2013
0 5 10 15 20 25

q? [GeV?/c*]
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Radiative B decays

= b->syisa FCNC process

= In SM emitted photons in such
decays are predicted to be
predominately left handed since the
recoil s quark that couples to the W
boson if left handed b

The photon polarization is defined as: )\7 —
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Results B* 2 K'n'my L

B 2 K,y 7 Knany LHCb-CONF-2013-017 (2 fo')

= For decays of the type B->K _ y->Kmnmty, the 9
photon polarization can be studied through the P2 =
angular correlations of the daughters of the K, TP -..>'_<"—’5:

= Forasingleresonance, A, is proportional to A, IL. - (ﬁ)

= If the helicity amplitude J is known, A, can be 1

determined from a measurement of A 4

Ldcos 0-9C. — Y deos /9L, ds ds;zdsgzIm [71.~ ‘x J* ]
fo dcos @ oy | , dcost) 5 3 f 13 U823 (T xJT*)
' deos -9 477 ds ds 3 dsqs| T|?
f Idwsﬁdc 3 f s dsi3 dsgs|T|

Aud =

' Theory input needed! |

50
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Results B* 2 K'n'my L

B =2 Knny LHCb-CONF-2013-017 (2 fb-1)

= |nclusive CP asymmetry measured

for first time
: LANNL B B S T | B '. ,_ ....... =.:
= A, compatible with zero S 00ff LHC e [
; 1800 ‘ o= 89.1 = 1.6 MeVic ‘;
= 1600 ' .
= A 4 Measured for the first time g 1 E
a 3
= Result 4.50 from zero o E
= Evidence of photon polarization in 800 \ b
b->sy decays o0 E
= |f theoretical predictions existed, 200 B \&‘ 3
first measurement of A, possible 0 S ;}R,;m')mcvf it -
of S S I S B B
oF 3
'5- 4 l e 4 ' A l 1 L A ' l A A A 'l I 1 e A ' l 1 1 ;
4500 3000 5500 G000 6500

Acp = —0.007 £ 0.015 (stat) Ty 015 (Syst) Aua = —0.085 = 0.019 (stat) = 0.004 (syst)

Albert Puig EPS-2013 Espen Eie Bowen DPF-2013

B. Adeva, University of Santiago de Compostela Taller de Altas Energias TAE Benasque 15-28 Sept, 2013 51



Combined leptonic and semileptonic [/ "

PEDRO PASCUAL

) i Genon, Matias, Virto: arXiv:.1 307.5683
Constraints on new physics  Ammsdhe s s s
Results from B—K*uy, B—py,
B—X.y and B—K*y combined

to put constraints on New e .
. 4}t d
Physics ' g i
Treated aS eﬁeCtive 2.' Ell):«‘l:liinu Recoil data
interactions from NP at mass | 3 o s
scale above m,, 5 ol
Indicates a significant deviation
in C, (dileptonic vector -2}
operator) | )
. - . -4}
Will be very interesting to follow | » ‘
more experimental data and ~0.15 -0.10 —0.05 0.00 0.05 0.10 0.15
. N
other phenomenological G
interpretations U. Egede at Mass 2013, Aug. 2013, Odense, DK
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Search for B, > ey~ fEm

BO(S) 9 e+}l«_ LHCb-PAPER-2013-030 arXiv:1307.4889

» Charged LF'V process are forbidden

in the SM (~10%%)

» Decays like B%)—ep are allowed in
model with a local gauge symmetry
between leptons and quarks like the
Pati-Salam model  [Phys. Rev. D 10 (1974) 275]

» new interaction between lepton

LQ

and quarks mediated by a spin-1
gauge boson (LQ) .

|
=

» limits from CDFE' [Phys. Rev. Lett. 102 (2009) 201901]:

B(Bs — e*uT) < 2.0(2.6) - 10~ @ 90(95)% CL
B(BY = 1) < 6.4(7.9) - 1075 @ 90(95)% CL
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Search for B, 2 ey~ t

LHCDb-PAPER-2013-030 arXiv:1307.4889

Analysis strategy

» Blind analysis based on 1fb-! of data
recorded in 2011 (Vs = 7TeV)

ARy X Y
» Analysis inherited from BO%g—ptp- P % ol

» Events studied in mey, vs BDT plane

i
a

» Normalized to Bq—Kn yield in data

TTT III T Illll]

i

Illlll[ 1 llIIIIlI 1 lIIIIlll 1 lIIIIlIl

» Upper limit on BF evaluated using

- —O—
2
the CLs method 107¢ O o
o A
- O Background 8
10-4 | ) ) ! )
0 05 1

BDT
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Search for BY = ey i

Pati-Salam Lepto-quark mass bounds
LHCb-PAPER-2013-030 arXiv:1307.4889 theo. formula : Phys. Rev. D 50 (1994) 6843)

ATLAS/CMS : same generation leptoquarks < 0.5 — 1.0 TeV/c? (direct searches)

ran S I r— 11T e T T T T T
2107 LHCb 4 = 7 LHCb I
N o BRB'— e u)<28(37N)x10°0(95)%CL. 7 Y 107k BR(B!— e u) <11(14)x10°9095)% CL. |
1} - M, (B” — &= u%) > 135 (126) TeV/e2 : 1} - M, (B” — & u?) > 107 (101) TeV/e2 3
el 1 & ]
& 107k 1 =< T -
a C 95%CL 1 = - -

OSSP b i 95%CL

i 90%CL i
(0l S T F =
10° E F :
i 1 I 1 1 1 1 I 1 1 1 : 1 I 1 1 1 1 I 1 1 1 1 l I- I-I I 1 1 1 1 i 1 1 1 1 I ]
50 100 150 200 250 50 100 150

M, (B’ — e \7¥) [TeVicY] M, (B) = e ) [TeV/cY

myq(Bs — etp™) > 47.8(44.9) TeV//c? @ 90(95)%CL,

»CDF measurements: g, e+ > 50.3(56.3) TeV/c? @ 90(95)%CL

mpg(Bs — etp~) > 107(101) TeV/c? @ 90(95)%CL,

» LHCb new constraints: |
mpQ(Bg — e*p~) > 135(126) TeV /c? @ 90(95)%CL
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Charm rare decays - Motivations {@Eﬁl‘;‘lﬁfﬁ,ﬁfs‘“

T

Z/y

C2>Uupury

C u

W+

B Suppresion from GIM mechanism (down-type quarks in the loop)

Absence of very high-mass down-type quarks ¢ .
B Predictions harder because of non-negligible long distance contributions

(Burdman et al.) Phys. Rev. Lett. D 66, 014009 (2002)

B D> pu)=3x 1013 90% CL
B  Current best limit is from Belle Phys. Rev. D 81, 091102 (2010)

BMD®> pu)<1.4x107  90% CL

Decay is sensitive to:
— Supersymmetry with R-parity violation
— New spin 1 boson, V, Golowich et al. Phys. Rev. D79 (2009) 114030.
B fEm2Mp 4m? . .
BY(D® — ptpu™) = W L - Téj(gm — gv2)?(gy1 — 9V2)?
gy, (gy,) and g'y, (g'y,) coupling to left (right) handed quarks and leptons

— New spin 0 scalar, also proportional to 1 / M*
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Charm rare decays t
General strategy at LHCb

m Use D’-tagged sample : D™* > DO 1r

slow

m Very rare means very high
relative combinatorial background

+ P, P5IP(D),

- Use Multivariate Analysis p PID(y)
m Another difficulty with charm decays:
very high peaking backgrounds
(Ex: D211 > 106 x D2 up)
- Use particle identification to fight against == misID
m Normalized Measurements to help controlling the systematics
g(norm) N(signal) Ex.:D* 977*/-”/-/—
BF(signaty = BF(norm) sigmat Noworm and D* 2 m* (L)

m Efficiencies : simulations + extensive data-driven corrections & systematics
Jw=2pp, D=2Km, A=2p m, K ¢ = mm - reconstruction, PID, trigger efficiencies ...

m 1  mislD rate: simulations and control from data: D 2K, with m swapped with u
m Blind analyses, Upper limits from the CLs method [A. Read, J. Phys. G28 (2002)]
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D® > w'u- at LHCb i

T T T L2 T T T

=~ 12 3 '
> Am = m(D**)-m(D) ey 1 . ' ' D
= 100 ++ + _. 3 :
S +--" 1 0.8 LIICH ]
3 o ++N++ % : :
[+ : 0.6 -
Z of gt E ; :
S 20 + D°‘>“\*lli:_\ — Deomm - 04 -
O 1 A A P P " " 1 " - -
140 145 150 - ]
Am,., [MeVic?] 0.2 .
2 | %0 05 1 s -
Z LIICD - R
= B’ — 4~ p)[107]
= Jf +
g }H BF(D° > pp) < 6.2 (7.6)-10°
2 @ 90% (95%) CL
r")‘
DO>KTr 0 1800 1850 1900 1 9150 j A;".O(J( ] ) o
myy- (MeViE] v 20 times better than previous limit
- peaking D911, with 2 x (77« 1) v' Still 2 orders of magnitude above the
— DO>K-1r*, with (M« p) and (K« ) SM prediction

— sianal D9-=>u+u-
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Rare charm — General considerations

+ LTI
D° > u*u- D* 5 mtutp
Ex. U7 W, ( s} 2
. . . T - ¢<
m Branching ratios dominated D e l < "
by long distance (LD) effects, via - , / } -
intermediate states ‘
D* > mrutyr
107 . .
. -5 === SM + new physics
m The solution adopted by present . 100 1 W_ j. T SV shiows i ony
searches is to measure BF’s 5 107 . \\
far from the resonances S " B e .
S o P FCNC 2™~ N
-3 ‘x\“
10 0 1 2 3
M(pp) [GeV/c?)

m Recent literature suggests to use asymmetries (CP, T-odd, FB,...):

SD amplitudes are more likely to compete with LD in an interference than in a BF.
In that case, even the resonant regions are useful.

Mode T-odd asym | FB asym )
Ky (CF) 7% ~ 0.06% We measure the total BF's with present data to
K 'y (DCS) 7% 30 predict our future sensitivity (e.g. upgrade).
K*K-ptp ~ 6% ~0.5%
Tt ~ 8% ~0.5%

L.Cappiello et al. arXiv:1209.4235 (2013)
S.Fajfer et al. PRD87, 054026 (2013)

Ex:arXiv:1209.4235y2 1.Bigi et al. JHEPO03, 021 (2012) 5

O.Kochebina at EPS2013
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Experimental status up to 2011 |/ i

m Upper limits of BF, @90% CL

DO p*y- 1.4x107 1]
D*>mrutu | 3.9x10° [ , p
D> p- | 2.6x10% [3] D* > w0
~105- 10 v
D*>1mprut | 2.0x10° [4] W w-
D>yt | 14x10° | ! 1 | | 1
DOS>K- 1 u*p- | 3.6x104 [5] B
DO>K- K* pp- | 3.3x105 5] || ~ 104- 105 DEST ity
DOSTH T | 3.0x105 [5) | o ",’.}_‘
D" W ~d [’
[1] Belle, PRD81,091102 (2010) I {}

[2] DO, PRL 100,101801 (2008)
[3] FOCUS, PLB 572, 21 (2003)
[4] BaBar, PRD 84, 072006 (2011)
[5] E791, PRL 86, 3969 (2001)
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D*, > nuw at LHCb o

LHCb

10 uncorrected data

102

10

FCNC,NP ?

1 - - - = 3 1 L
200 400 600 800 1000 1200 1400 1600

m(p*}.r),1 &oet‘lch

?)

JC

m D* > ¢ (uu*) mode: 21000E (d)
+ Normalization
4 “Standard candle”: provides a
signal proxy to optimize the
selection, constrain the PDF’s
shape, study and correct STRTTS, S —
data/MC... 0 ) Mevie

5 MeV
o @

S

S

(=
<

Candidates / (5 MeV/c?)

Candidates / (
&S
o
S
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D", > n'u'w at LHCh gma

E
— LHCb
100 ;_ uncorrected data
102 E—..
10
FCNC,NP?
1
200 ——h 60— 8o — 000 200456 — | 7800 7800
l m(p*p), GeVic?
301 | (a LHCb | aob @ LHCb
5 30

Cogpetlllllin, b T TR of lﬂL’iL . [Lil ]
1850 1900 1950 2000 . 1850 1800 1950 2000
D+ retreret m(T ) [MeV/ed] m(Tru W) [MeVi/e’]

Vl‘l'ﬁlli.fl

Candidates / (5 MeV/c?)

Candidates / (5 MeV/c’)

W Peaking background : D* >m*mrm* with double misID m« u
¢ Shapes determined from data sample (loosened muon ID)
¢ The fitis able to determine the yields 14

64
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D*, > nuw at LHCb o

? LHCb
10° frt uncorrected data
102 E.
— Ju."‘“"""l.ﬂ,
" E FCNC ®
— NP ? P/ ¢ FCNC, NP ?
125- T T —T T 7000 7200 7460 | 7600 7800
m(p*p), GeVic?
Upper limits, x10-¢ @ 90% (95%) CL
BF(D* > ) 2.0 (2.5) 2.6 (2.9)
BF(D.* >mu*yr) 6.9 (7.7) 16.0 (18.6)

Tota]: Y

BF(D* > ) < 7.3 (8.3)-10° @ 90% (95%) CL
BF(D.* >mutu) < 4.1 (4.8)-107 @ 90 % (95%) CL

v' ~ 50 times better than previous limit
v Still orders of magnitude above the SM prediction ©-Kochebina at EPS2013
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Majorana neutrino with D+(S) > ot t

PEDRO PASCUAL

i
I‘ ds ~ \ ,
m Searches in regions of m(u*m) which is the /’
mass of a potential majorana neutrino

Region [MeV/c?] | 250<M(um) <1140 | 1140<M(um)<1340 | 1340<M(um)<1540 | 1540<M(um)

BF(D*>m*u*w) 1.4 (1.7) 1.1 (1.3) 1.3 (1.5) 1.3 (1.5)
BF(D*>mu*w) 6.2 (7.6) 4.4 (5.3) 6.0 (7.3) 7.5 (8.7)
Total:

BF(D*>mu*y*) < 2.2 (2.5)-10°% @ 90% (95%) CL
BF(D.* >mutu*) < 1.2 (1.4)-107 @ 90% (95%) CL

v' ~ 50 times better than previous limit

B. Adeva, University of Santiago de Compostela Taller de Altas Energias TAE Benasque 15-28 Sept, 2013 66



CENTRO DE CIENCIAS

DE
PEDRO PASCUAL

BACKUP

B. Adeva, University of Santiago de Compostela Taller de Altas Energias TAE Benasque 15-28 Sept, 2013 67



CENTRO DE CIENCIAS
DE
PEDRO PASCUAL

Rare t decays

B. Adeva, University of Santiago de Compostela Taller de Altas Energias TAE Benasque 15-28 Sept, 2013



Lepton Flavour Violation in ©* > ppp: ||

LHCb-PAPER-2013-014

LFV decay T =2 uup

In SM only allowed via neutrino oscillations p
with BR ~ 103 . Some New Physics models A _

predict significant enhancement : SN /
BR ~ 10_10 — 10-8 rt v Y i, - pto
So far only measurements at e*e” colliders: ‘g o0
BR (t* 2 pfpp®) < 2.1x10%(90% CL) 2 250
is current best limit from Belle (782 fb!) = 2000
[Phys. Lett. B 687 (2010) 3] g 1500
£ 1000
At LHC large 1t production cross section : = 500 /
~ 80 lvlb (25 % in LHCb acceptance) R ‘1_944(3:? 60 .19I80I\::—:2-0*(;(-)I 2020
M@ LT ) [MeV/c?]
- 10"t decaysly in LHCb (from D, >1v,) C o [ e e
Normalisation to D, 2 ¢(up)n = B F
BR < 8.0 x 10 (90% CL) .
LHCb: 1.0 fb"! e
O

—,
o

Proof of principle for a hadron collider:

m(u ") [MeV/e?]
Good prospects for future
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HFAG average for A L

2™ step Lifetime fit

® Main background due to

secondqr\/ DO Secondary from

* Dangerous background = bias B decays
the lifetime measurement IP

* Not distinguishable by the 5 WE o 3
invariant mass distribution S F—Ft ]
? [ —— Signal -
* Need statistical separationby 2 10 . Bt x, D° =K'K~ =
ln('XZIP) = F — - Sec.md. =, 3
5 . D’—K=n’ ]
e DisKK R
10 E -~ - Comb. bkg E
® Simultaneous fit of proper time ]

and In( %?%p) to distinguish between 10
prompt and secondary ;

Pull
v L]
.
| i

210 5 0 -
Charm 2013 Silvia Borghi - University of Manchester 187
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Updated results B, > pu- t

Calibrations v 5020

» BDT classifier PDFs are calibrated using: S AL L L L
e B—hh’ events for signal |

e mass sidebands B—pp candidates for bkg |0"§g e _Zl

» Invariant mass: 102 H"H_;;H ) 1;.
e signal described by a Crystal Ball function: ]0_32_ I;Hs(i::nal —:‘H_,,.L : ]

- mean value calibrated with exclusive E 4 Background “Ia
B—hh’ decays 10% 02 04 06 08

- resolution from di-p resonance and

exclusive B—hh’ 2
e background PDFs from data sidebands E 10
oo =228+ 0.4 MeV/c? z
opo =232+ 0.4MeV/c?
oz . N
5000 5200 5400 5600
5 my_[MeV/c?]
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Updated results B, > pu- t

Normaliz a.'t ion [arXiv:1307.5024]

» Two control channels used for the normalization: B*—J/JK* and B"—K'n-

EC,SEL  TRIG -
BR — BR.y x SOl o e o Sea B
= BRgg) X e X o X = +y
TG g g dds) Nea (6) = By

» From MC and x-checked on data

% = (9.41 & 0.65)- 1011

» Trigger efficiency from J/J—pp data o = (2.40 + 0.09)- 1011

p fs/fd from LHCDb measurement (next slide)
» Using the SM signal we expect 39.5+4.3 Bs—p'p and 4.5+0.4 B—pip

~1.1M events

. x0° —

B T S B Ko LHCb
N 10— 3fb |

of BT—=J/JK* LHGD | ~38K events .

Candidates / (2 MeV/¢?)
2
TTT T T TTT[TTT[TTTTE
Candidates/ (10 MeV/c2)

lIIIllIIllIIllIIIllI

0
0
20

5200 5250 5300 5350
my MeVic?] 6

5600
my_[MeV/c?]

:
.‘83
£
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Updated results B, 2 uu~

PEDRO PASCUAL

Doubly suppressed decay: FCNC process and helicity suppressed.

0 - 4ml/2‘ 712 Il / i
B(BY -» ptp™) o« (1 ——=)|Cs — CL? + |(Cp — Cp) + 2 —=(C10 — C{p)
Mmp_ Mmp_
L
In MSSM: _HsSu mpm} tan® B SM contributions:
Cs,p X M,Z’ 75% +

2HDM:

Mode SM

> B, pu 3.28%0.17 x10-°

W B~ pp 1.07+0.10 x10-°

A.J.Buras et al: arXiv:1303.3820+PDG2013

sensitive to contributions in the scalar/pseudo-scalar sector

RPV:

wn
| U\ i
>
/
/T
|
=
I
:Z\
Y
gs
|
\ e
-:l

highly interesting to probe extended Higgs models and high tanf

limit or measurement of B, ,~up strongly constrain tanf vs M, plane
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Combined leptonic and semileptonic B decays @Eﬂiﬂifﬂiﬁcms

arXiv:1206.0273

Constraints on new physics

Measurements of B> upy, B>K'upy, B2>X,Il, b> sy
set limits on the mass scale of non-SM contributions

g =20

eff \/5

Effective Hamiltonian relevant for b->sy and b—> sl*I-

V,Ve Y (CO,+C',0')+h.c.

~ loop level CKM-like
flavour violation

NP e o
Re(C1 0 ) 2l \ / i 0.6
0.8| 0.5
£ g, ~ : o _
L=L. — E thVts € 0. E ; \ | Eo.e EO“'.
M . 16.7772 A2 ! ;‘~°' \ / E = o3l
j=7,9,10 j C \ ' i < 0.
Almannshofer, Paradisi, Straub 9 /I /-—\\i . ki
JHEP 04 (2012) 008 + updates 0ak
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
¢/ do/ 7 1o/

O = (§7uPLb)(l_’y“'y5l) Oy = (.§fyuPLb)(l_'y“l) Or = %Q(EJWPRIJ)(F“”)
Nothing with SM type flavour couplings below O(400 GeV)
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