Decag Prol:)ertieS:
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Most relevant Runl measurements to be Pursuecﬂ in Run2.:
. BR(B_, = pp
. B°— K*uu angular analgsis
. @, AT fromB = J/yé
For each measurement:
. Analgsis
. Breakdown of exPerimental errors in Runl

. Perspectives for Run2
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Run 2 Projections & Cha”enges

. Back of envelope Run2 Projection at CMS:
o(Run2) =2 o(Runt)
L (Run2) =100/120 fb'= 5 L (Run)

. Total sample (Run!+ Run2) =11 x Runl

. Exl:)ect factor®3 imProvement in statistical errors & systematic
uncertainties scaling with statistics
(...assuming the same analgsis Pemcormance...)

But:

e Increased Pi|e~ul:>: ~ 40 PU @B TeV with L=1.4 10" cm™s™

. Trigger: stay within the Runt bandwidth (L1=10 kHz ~10% of the total
Banclwidth, HLT=100 Hz) desl:)ite the increase of a factor 4 in rate.

+ Irigger selection defined to reduce the rate without affecti ng

too much the sxgnal Path clrlven 139 sl:)ecn(;c analgsls
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B—uuw
“Measurement of the BOS—>NW branchiﬂg fraction and

Search for B%p'u with the CMS Experiment”
[L=5fb" (VS=7 TeV)+20 b (VS=8 TeV)]
Phys. Rev. Lett. 111, 101804 (2013)
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B —> “j- M..

aSignaI: two isolated muons f Hardware Trigger:
‘F Cl - /=% M P (W>3 GeV (few kHz)
rom a seccondary vertex \ .l . High Level Trigger 2011 (2012):
/ [ % Central region (In|<1.8): P_(W)>4 (3) GeV,
aBKG: P_(u)>3.9 (4.9) GeV, 4.8<M(pp) <6 GeV
Forward region (1.8<[nl<2.2):
+Combinatorial P (>4 GeV, P ()7, Prob(VTX)>0.5%

-iPeakingB — hh' (h=K, ™) (BR~107/107)

M f
+Non Peakingb — hpv, B— l’1|JlJ, /\b — pHV | B\
evaluated normalized to B = J/y K

aStrategg:
+BDT-based muon (Mis)identification studied on MC/ data control
samples (155 - KK, B°—=>1m K -mm, A— pTT, D" — D°m)

-rPhgsical:
sUncorrelated B semileptonic cJecags _ %
B
|

4
LHC Heavy Flavor WG Public Meeting, 10/11/2015 M.Margoni Universita' di Padova & INFN



+ -
B—=uw
e Strategy:

+ Events selected bg means of a MVA exploiting kinematic, vertexing
and isolation variables

+ Measure event Hielcls from an unbinned fit to M (uw)

s+ PR obtained relative to the normalization channel B K*J/ v to
avoid systematics from cross section & luminositg, and reduce

emcﬁciencg uncertaintg:

Yoey f
0 + -\ _ S N U + + + + —
B(Bimu w™ )=r=gr BB =K T JIy—K T u )
v oS fs
Yo, Yy, Signal and Normalization Yields B(B " )=(6.0+0.2)10""
€, €y Signal and Normalization Efficiencies
, . o , ,
& —0.256-+0.020 Ratio between B*and B _ Fragmentatlon functions
Sfu [LHCh, JHEP 04 (2013) 001]

+ Data/MC agreement checked on B-+>J/vo control sample
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B — u'u : Results

CMS-L=5f"Vs=7TeV,L=20fb" |s=8TeV W CMS Vs=7 TeV, L=5 fb" Vs=8 TeV, L=20 b
= - e 22
50— —#— data - T z up 4.30 = el
E full PDF t 18 o 40|
- B —uw @ H\BF (B —>pw)= f BF(B*—>u'w)=
B B =t L o _ 2, 10
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b= o iy l b
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; "‘-':_. Y-
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g_g 5 5_1 -_ 5_ 5_4 55 5_6 5_? 5_8 5_9 0 L1 ||l1"| 11 oy loww o bty o | Illtl"lﬂll |81|| |||r-|| 1 3109
m,,. (GeV) 0 7 9 10

BF(B]—u'w)

aResults:
BR(B, — H+H'>:<5~Of2:§ (statfgj (syst) 107) (430 signiﬁcance)
BR(B® = p'u)<.ix107@ 95% CL
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Combination of BR (B — uw) from the CMS and LHCb

@ CMS Improvements wrt PRL.: [Nature, 522 (2015) 69]

4 Input b ), ’Cu/ﬂ & some BRs from PDG @ Full Likelihood combination of
& Mocleling of the A~ puv Background CMS & LHCb results
[UHEP 09, 106; PLB 74, 122-130] 4 Simultaneous unbinned

extended maximum

B +1.1 -9
BR(Bs)_ <2'8—0-9)X 10 likelihood it to the mass

BR(B,)=(4.4727)x 10"

spectra

- Take into account
GMiS'amil |1_Hqt|: ]

EDB:_ B TEL 'T_ correlations/estimate
Torp _ = sgrnﬁcance
T osH o = +0.7 -9
s E & o e BR(BS):(z.ng)XIO )
E b =) +1. _
na N i BR(B,)=(3.9",5)x10
03 d54
02F 4 8 ; Systematic errors contribute
s 1 4 i
01 | 3 1%5% (18%) of the total for B <Bd>
= | e : S
0[} 7 8 g9 UD 0.2 0.4 0.6 0.8
a BB sprp )(107 C B(B - p* ) [107] 7
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Combination of BR (B — uw) from the CMS and LHCb

& CMS lmProvements wrt PRL:
4 Inputt(Bd ), FU/FS & some BRs from PDG

& Modeling of the A = puv Bac‘(grouncl
[UHEP 09, 106; PLB 734, 122-130]
BR(B,)=(2.871)x10~"

BR(B,)=(4.4"7)x107"

CMS and LHCb (LHC run [)

[Nature, 522 (2015) 69]

o Full Likelihood combination of
CMS & LHCD results
4 Simultaneous unbinned
extended maximum
likelihood fit to the mass
spectra

- Take into account

Compatibilitg vs SM:
SMand MFV 1.2 5 for B
2.2 6 for B°
236 for B%/B_

-2AInL

correlations/estimate
signiﬁcance
BR(B,)=(2.8"77)x10~"
BR(B,)=(3.97°)x107"

Sgstematic errors contribute

0 0.1 0.4

. 0.3
B°/B.
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35% (18%) of the total for B <bd>
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Breakdown of exPerimental errors (CMS analgsis)

« Measurement dominated bg statistical error: wait for new data!

« Main systematics:
Fs/ 1Cu = (0.259 +0.015 [LHCh-CONF-2013-011]

Muon misidentification w=0.15%/0.22%
Sl and rare clecags: 65R<Ab — Puv) ~40% [PLB 734, 122-130])

Normalization of SL_ and Peaking BKGto B —=J/y K* (largest syst err.)

BiY =X e(X
B(B* »K*JIp)e(B*) fu
CcMS L=20fb’'(is =28 TeV) cMS L=20fbo' (Vs =8 TeV)
0.3F 22
- Barrel CMS simulation 20 Barrel CMS simulation
St Peaking - 18 Non-Peaking % :: = ::T?

2f BKG

Candidates/0.025 GeV
o
\¥]

Candidates/0.025 GeV

;;;;;
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BKG

[ B® — nutp-
[ B° — v
e — Ku*v

Reducible
adding more
data

52 5.4 5.6
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Ana|95i5 mprovements & Cha”enges for Run2
. Trigger (rare decays ~12% of BPH rate):

Use low P_un Srescaled double-muon LT seed (including muon charge,
IAN| information), HLT cut on muons P_>4(3) GeV, use clisplacecl J/

for the normalization channel
« Muon identification:
Further suppress misidentification to reduce Peaking & S BKG
Studg in~1qight &ecags for control samples
e Selection
Stuclg increased Pi|e~ul:> (sl:)atial separation between PVs and track
multiplicitg)
Selection of Peaking and rare semileptonic B decags for control samples
. lml:)rove Fit method
Move from a categorizecl 1D fit to m., toa 2D (MVA, mpp) one.

Include nuisance Parame’ters (Fake rate, Peaking BKG).

10



B° K uw
“Angular analgsis of the clecag B — K utu from PP collisions
at V5=8 TeV”

[L=205fb"]
Submitted to Phgs. Lett. B
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B — K* !.,L+ M..

a Kinematics of the clecag BE VAT TS
V=K', @, p) determined bg three angles:

+ 0,0,0
o Event Yields reconstructed in bins of
a Ditferential Ampli‘cucle: qz:mz (W)
%dcus eKd; ;5 6,dq? @ Observables Include:
— % { [%Fs + ;_IAS cos 91{| (1 — cos® ) s Differential Branching Ratio clb/clqz

5 AFB (ForwarcLbackward muon

+(1— Fs)[EEFDSZ ok (1 — cos? ;)

) asymmetry)
+5- E(I — cos?6x) (1 + cos? @)

+ (fraction of longitudinang
4 2
* 5@(1 — cos* fc) cos 91] } Polarizecl K 12

LHC Heavy Flavor WG Public Meeting, 10/11 /2015 M.Margoni Universita’ di Padova & INFN




B — K* !.,L+ M~

a Ditferential Ampli‘cucle:

1 d*r
I" d cos 6k d cos 6, dg?

_ 2 A +4A |50591< (1 —cos*6))
=16 || 35T 328 I
+( _E[ZFI‘ cos® 6k (1 — cos? ;)

+ %(1 — F1)(1 — cos? 6x) (1 + cos® ;)

4

+ §AFB(1 — cos? 6k ) cos 9{| }

a Kinematics of the decag Ba-Vpuu-
V=K, ¢, p) determined bg three angles:

¢ Event Vields reconstructed in bins of

qZ: mz (lflft-)

e I'_: Fraction of sl:)in!ess Kn (S-wave)

combination

P AS: lntemcerence amplitucle between

S-wave and P-wave (ZlCCBgS

13
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¥ 4 _
B>Kpuw
¢ Strateggz
+ Measure event 3ielclsJ AT, and A, from an unbinned

simultaneous fit to M(Kzup), cos 0,) and cos (6) in bins of qz

s dbB/ clqz obtained relative to the normalization channel B° — K'J/ Tk

= + .
dg? et ' (1- fA)eM 5-'1% (1~ f;{'fdjgird Ag? N=normalization

dB (B° —» K*u*p~) (Yg Y§ M )(yg, YC M )_IB(B“—}K*”L@) S=signal

+ Irigger: two OS5 muons (PT>§.§ GeV, In|<2.2, c:lX9<2cm from beam axis) Forming
a clisplacecl vertex. Dimuon: PT>6.9 GeV, Prob (vtx)>10%, Lxg/ GLXg>§J
cos(a)>0.9 [oczangle(P, ﬂight direction)]

14
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¢ Strateggz

B — K* u+ M..

+ Measure event 3ielclsJ AT, and A, from an unbinned

simultaneous fit to M(Kzup), cos 0,) and cos (6) in bins of qz

s dbB/ clqz obtained relative to the normalization channel B° — K'J/ Tk

dg?

dB (B — K*outu~) (Yg N
i &
e (1

Yo"

YC
B (3 +

YNfN

1~

o)

B (B = KM /)

5=signal

7 , ,
Ag N=normalization

CMS

205 (B TeV)

140F-4": 1.00 - 6.00 GeV' 2
- Signal yield: 346 + 24

100F
Bof

" 5 5.5

-+-Dala
— Total fit

-- Corr. 1ag sig.
- Mistag sig.

mK'T ) (GeV)

140 CMS 205t (8 TeV)
= [:1.00-600GeV? +Data
© 4o —Total fit
acH ! -- Corr. tag sig.
4] COnE A
=k Mistag sig.
§ o \ --- Background
w
80 N
B0 Y -
s

e AL R T T

I 08 06 04 02 0 02
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o h\x\.‘n\\ oy
04 0B 08 1
cos(fy)

140 EMS 205 (8 TeV)
= % 1.00-6.00Gev? +Data_
2120 —Total it
= -~ Corr. tag sig.
£ ---Mistag sig.
Emﬂ - Background
“ a0

...........................................

07208 06 04 02 0 02 04 06 08 1
cos(8i)
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B — K'u'w Results

20.5 fo ' (8 TeV)

9 ({SM,LCSR !
0.1F 77 ¢ sM, Lattice }

L I | - 14 1 L1 1 L4 1 1 1 L1 1
2 4 &

sof. SS(SM, LCSR )
- 771 ( SM, Lattice )

dB/dg (10 " x GeV ™)

g (GeV?)
1, CMS 20.5fb (B TeV)
- —+- Data -

E1
< 0.8
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L I1Dl 1 .12. L I14l 1 l1ﬁl 1 I1EI

q (GeV?)

CMS

—+4— Data

{SM, LCSR }
{ SM, Lattice

2051 (B TeV)

0.6

'] Ll 1L il 1 i1 1 i1 1 i1 1 11 i I 1 1 3 I 4 1 1 I 1
2 4 6 8 10 12 14 16 18

q (Gev?)
Results consistent with SM

+ CMS E‘xperimental errors

comparable with theoretical for
F and A s smaller for db/clqz

Measurement dominated bﬂ

statistical error
16
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Ereakclown O]C expérimental CIrrors
o Error range between the different qz bins

Systematic uncertainty F(1072) Aps(1072) dB/dg? (%)
Simulation mismodeling 1-17 0-37 1.0-5.5
Fit bias 0-34 2-42 —
—p» | MC statistical uncertainty 3-10 5-18 0.5-2.0
—» | Efficiency 34 5 —_
K7 mistagging 14 0-7 0.1-4.1
Background distribution 1-9 0-6 0.0-1.2
Mass distribution 3 1 3.2
Feed-through background 0-27 0-5 0.04.0
Angular resolution 6-24 0-5 0.2-2.1
Normalization to B — K*%]/ — — 4.6
Total systematic uncertainty 36-54 10-68 6.4-8.6

—: 53stematics reducible with statistics increasing

Main sgstematicsa:

Closure test on simulation: MC statistics, Toy MC, fit on MC subsamples

Excﬁciencg Computecl on MC.: error includes statistics and different functions choice.

Eﬁqciencg clcpenclence on angles ancl qz From the comparison o1C the ﬁtte& Paraq17eters

on B = K* J/y, B® = K* ' with the PDG



Ereakclown O]C expérimental CIrrors
e Error range between the different qz bins

Systematic uncertainty F(1072) Aps(1072) dB/dg? (%)
Simulation mismodeling 1-17 0-37 1.0-5.5
Fit bias 0-34 2-42 —
—p  MC statistical uncertainty 3-10 5-18 0.5-2.0
—»  Efficiency 34 5 —_
K7 mistagging 14 0-7 0.1-4.1
Background distribution 1-9 0-6 0.0-1.2
—» | Mass distribution 3 1 3.2
0-5
= | Angular resolution 6-24 0-5 0.2-2.1
Normalization to B — K*%]/ — — 4.6
Total systematic uncertainty 36-54 10-68 6.4-8.6

o —p : 53stematics reducible with statistics increasing

Double-Gaussian mass distributions (cligcrent for correctlg taggecl and mistaggecl
evts) fitted to data with widths constrained to MC, checked on control samples

l:eed~through error From ﬁt N bins neighbour to the excluclecl resonances.

Can ]Z)C T'CCIUCCCl 139 enlarging thC VCtOCCl resonances mass ngiOﬂ 13

Angular resolution etHect from fit using generatecl vs reconstructed c]uantities



Ana|95i5 lmprovements & Cha”enges for Run2

[LHCb-CONF-2015-002]

. Alreaclg ongoingon Runl dataset: 5 « | |

Q,
. i LHCb
. Stucly o1c the P 5 . SE' el
" " } W SM from DHMV d
Parame’terxzatlon as LHCb [ ﬁ veor o526 ]

o

—

. Analgsis of other channels:

B — K* py, K" py, (A, = App) o3t I++

i [{] I T W ; PR T— - ilﬂ PR T T Il5 PR R
g [GeV?/cY]

. Future: include additional Pl’]gsics observables: lsospin & CP
Asgmmetriesﬂ _ I(B°— K®O0u+y~) — T(B+t — K®+uty-)
T T(B— K®Outy~) + T(B+— KG+ptp)
F(B"D_} E*Dﬁ+ﬁ_) e I‘(BD 5 K*DH_I_H_)
['(BY— K*u+tp—)+T'(B° — K*Outpu-)

Acp =

19
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Ana|3 SIS lmProvements & Cha”enges for Run2

’ . 1
. Trlgger. OW PT muons are mandatorg.

Rate reduced bg a harder cut on each muon PT>+ GeV (current
analgsis uses PT>§.5 GeV) & inclucling an additional clisplacecl hadron
track (cuton P and IP/0), Plus dimuon cuts on Prob(VTX), Lxg/oug’

cos(a)

. Considering onlg the variation in the muon PT cut from 3.5 GeV to
4 GeV, & assuming L=100 fb'e 1» TeV:
~10500 evts (to be comparecl with the ~1400 evts of the current
statistics): enouglﬁ for a full angular analysis with a statistical error

reduction ~ b,

20
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B —J /Yo

“Measurement of the CP~Vio|ating weak Phase CIDS and the
clecag width difference Al using the B —J/Yo clecag

channel in PP collision at VS=8 TeV”
[L=19.7fb"]
Submitted to Phgs. Lett. B
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B —J/Wo

@ Kinematics of the clec39 determined bﬂ

B) pr three angles:

,LLI;+ B u ~ OT, ¢, Y in the transversity basis
m K_ ’ ,

K+ $(1020) . Ditferential decay rate

NI [ d*T(Bg) _
- d0d(ct = f(O,a,ct) 1210 i(,ct) g(O).

@ ime clepenclent angular analgsis needed to clisentanglc CP-odd and CP-

event eigenstates

O;(a, ct) = Nje—ct/cT [ﬂicnnsh (‘ﬁgﬁf) inh (‘ﬂ"gsf) + ¢; cos (Amst) i;n {ﬂmst)}

azPhgsics Parameters: Al, O, ct, decag amPlitudes and Phases
© biancl di clel:)encl on CIDS 22
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¢ Strategg:

5

"

v
~
=)
)
o

Events /3.1 Me
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B —J/Wo

Exclusive reconstruction oF events

OPPosicJe~5icJe lePton flavor tagging of the Bs

Multidimensional fit on m(E’)S), 0, @, y_,ct,dct

W=%0.17+ 0.24 +0.05%
£=8.51£ 0.0%%
P=g(1-2w)"

P=1.507 + 0.031 +0.007%

Trig%er: two OS muons (PT>‘1~ GeV, |n|<2.1) ?orminga clisplacecl vertex.
Dimuon: P >6.9 GeV, DOCA (3D)<5cm, Prob (vtx)>10%, ny/ofoi

cos(@)>0.9, 2.9<m(un)<3.3 GeV

19.7 fb'

T 1'9? .Fb: (IE 'TErUI}

(B TeV) FTrr T

E T LI B B T 71 171 3
L I T T T L] I L] L L] T l T L] T L] I L] T T T l o
- CMS e Data C CMS ¢
C Total fit i Total fit
— ---- Signal fit =] 10° -~ Bignal fit
- --- Background fit g Y . Background fit
49200 -
- . 10°F
- signal evts & :
- ] 102F
- - m-;—
- . = ;
L ——n 2 | d | i
5.25 53 5.35 5.4 5.45 ’3.05 0. 0. '!5 0. 25 0.3

JIWK'K invariant mass [GeV]

B” proper dscav lenath [cm
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m

Events / 0.94 p

19.7 fb"' (8 TeV)

4500 I'III|I||III|II|I LI I||I||II||I|II|III||I|II_|
L] Data
4000 Total fit j
Signal fit
3500 -« Background fit
3000 Decag time

resolution™70 fs

T -
1 2 3 4 5 6 7 8 9 10
Proper decay lenath uncertainty [em]




400 a0 g
Sk e 4 200f
ﬂ' ] ] ] 1 ] ] | 1 L] II|1

B —=J/Yo Results

19.7 1k (8 Tl

16,7 b (B TeW) 18.7 b {6 Tal)
514{"]IIlIIlIIIIII1IF'|IFllrllrlllllllll!1|!1l E14m‘|""
CMS + Data a CMS + Data £ CMs
—— Total fit o ) Total fit 1 =k
Signal fit g1200 Signal fit 1 =
Background fit E - Background fit § £
=
=
L1l

0.08

0.06

0.04

0.02

-1 08 06 04 02 0 02 04 08 08 1

| G TRt e E e B e R R 1
¢ [ata
Total fit

Signal fit
- Background fit ]

cost,

i A F556° R ARl

+ CMS central value
— 68% CL
e "QD:'JECL
= 85% CL

Standard Model

||

0
=
n

II|lII|III|III|III|III:III|III|III|III

D T T (I T T I I I
-0.5 -04 -03 -02-01 0 0.1 0.2 03 04 05

¢_[rad]

08 08 04 02 0

Statistical

crror Oﬂlg

0.2 04 08 ;fsu: 3 2 1 0 Eq}_ [raj]
Parameter Fit result
¢s [rad] —0.075 + 0.097
JAY lps—1] | 0.095 4+ 0.013
|;'f!.[.|2 0.510 + 0.005
|;'f15|E 0.012 jg:gg?
A |E 0.243 + 0.008
b5, [rad] 1% gl
5, |rad] 298 +0.36
€T [um)| 4472429 24




Breakdown of exPer:mental errors
Source of uncertainty s [rad] AT, [ps~!]| |Ao|? |As]? |AL|? § [rad] &5, [rad] 8, [rad] cT [pm]
ct efficiency | ﬁlﬁ ﬁié%i I[}.DDIE — 00023 — — — 1.0
Angular efficiency = |_0016 00021 10.0060 0.008 0.0104 0.674 0.14 0.66 0.8
Kaon pr weighting 0.014  0.0015 |0.0094 0.020 0.0041 0.085 0.11 0.02 I
ct resolution 0.006  0.0021 |0.0009 — 0.0008 0.004 — 0.02 2.9
Flavour tagging 0.003 0.0003 — — — 0,006 0.02 — —
Model bias 0015 0.0012 |0.00086 — — 0.025 0.03 — 0.4
Mistag distribution modelling | 0.004  0.0003 |0.0006 — —  0.008 0.01 — 0.1
pdf modelling assumptions 0.006  0.0021 |0.0016 0.002 0.0021 0.010 0.03 0.04 0.2
|A| as a free parameter 0.015  0.0003 |0.0001 0.005 0.0001 0.002 0.01 0.03 —
Total systematic uncertainty 0.031  0.0070 |0.0114 0.022 0.0116 0.680 0.18 0.66 34
Statistical uncertainty 0.097  0.0134 |0.0053 0.008 0.0075 0.081 0.17 0.36 29

« Measurement dominated by statistical error: wait tor new data!
¢« p - Sgstematics reducible with statistics Increasing
» Main systematics:
e ct eFﬁciencg: flat or taking into account turn-on due to signhqcance
requirement
. Angular eFﬁciencg: variation of the corresl:)oncling parameters

accordin gto statistical error 25
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Breakdown of experlmental errors
Source of uncertainty ¢s [rad] AT [ps~1]| |Ao|® |As|® |AL|? &) [rad] ds, [rad] &, [rad] cT [um]
ct efficiency 0.002 0.0057 10.0015 — 0.0023 — — — 1.0
Angular efficiency - | 0.016 0.0021 | 0.0060 0.008 0.0104 0.674 0.14 0.66 0.8
Kaon pr weighting 0,014 0.00 0.0094 0.020 0.0041 0.085 0.11 0.02 1.1
ct resolution - 0.0009 — 0.0008 0.004 — 0.02 29
Flavour tagging 0.003 0.0003 — — — 0.006 0.02 — —
Model bias L 0.015 0.0012 |0.0008 — —  0.025 0.03 — 0.4
Mistag distribution modelling | 0.004 0.0003 10.0006 — — 0.008 0.01 — 0.1
pdf modelling assumptions 0.006 0.0021 |0.0016 0.002 0.0021 0.010 0.03 0.04 0.2
|A| as a free parameter 0.015 0.0003 10.0001 0.005 0.0001 0.002 0.01 0.03 —
Total systematic uncertainty 0.031 0.0070 10.0114 0.022 0.0116 0.680 0.18 0.66 3.4
Statistical uncertainty 0.097  0.0134 |0.0053 0.008 0.0075 0.081 0.17 0.36 2.9

> Sgstematics reducible with statistics increasing

e KaonP weighting: different MC vs Data K spec’crum
T

. ct resolution: scale factor k(ct) of the Gaussian resolution function
obtained from MC and calibrated using simulated and real prompt J/y
Possible model bias checked with Tog MC

26
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Ana|95i5 lmprovements & Cha”enges for Run2
. Trigger:

. Need to maximize the (DS signiﬁcance. Require two muons with

P >4 GeV with an additional chsPIacecJ track (as for K*pp).

. lmprove fit method: mass fit with Per—-e\/ent error, fit of the CPV
t —(q/p)|&
parameter (q/p)‘A‘

. Flavor tagging: include more variables) and use same-side

informations

27
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Conclusions

e CMS will pursue several competitive analgses onb cﬂecags Propertics
using Run2 dataset
« Main tol:)ics:
e« Rare decags: B JY, T— 34
. CP-Violation: B —J/W¢, B —J/¥nm, b —J/Pt B —
J/WKs
. B-hadrons lifetimes (B°, B, B,b,A, =)
e B—=Xpp (X:K*O, K* K"): new Parameterizations, include other
observables <A1’ ACP)
. Dmixing and A

. Expec’ced factor ~ 10 in statistics increasing

. Increased rate and Pile»-up require imProvements of trigger 5trateg9

(Pa’th analgsis—-driven) and development of smart techniques 28
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Backup

29
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B —> “j- M..

e - A aGolden mode to test New Phgsics with

scalar/ Pseudo-—-scalar interactions

s @Suppression of B Jover B ”IV}C dl/ thsl in SM:
BR(® U p)=(.2 + 0.2) 107

BR(B Au'p)=(0.11 + 0.0 107

[Buras et al. Eur. Phgs. JC72,2172 (2012)]
[Uncertainties from FBS (lattice) NV Vom,T ]

+ Test of Minimal Flavor Violation: general
structure of SM FCNC is Prcservecl,
flavor violation clel:)encls onlg on CKM

aCheck New Phgsics scenarios in the extended Higgs sector:
s MSSM: BR ~tan®B/M”,

+ 2 Higgs Doublet Models: BR ~ tan* B "
LHC Heavy Flavor WG Public Meeting, 10/11/2015 M.Margoni Universita' di Padova & INFN



Upgracle Permcormance forB — LLLL atter Runz

g CMS UPgrades more agecting the result:

CMS-FAS FTR-14-015

s LI Trigger: new track trigger (necessarg to reduce the rate)

4 Tracker: reduced material buclget & increased resolution

CMS Simulation

120 gealed to L = 300 5"

3

LD

5/(S+B) Weighted Events / { 0.02 GeV)

miul=1.4

—a— data
— full PDF

Bl B.—uw
B B,—u'p

=== peEaking bkg

----- - combinatorial bkg
----- - semileptonic bkg

:

400

S/(5+B) Weighted Events / ( 0.01 GeV)

I_E.III

[ CMS Simulation

[ miu)l<1.4

- Scaled to L = 3000 f5’

—4— data

— full PDF
BN B.—up
B —utw

------ combinatorial bkg
----- semileplonic bxg

----- peaking bkg

fl=]
o L

51 52 53 54 55 568B EH_{LH ?-GEE‘I,?}E 5 51 B2 53 54 55 5HB Erri-:_m ?{geﬁ]g
Estimate of analysis sensitivity
0 g
L(HY) | N(BY) | N(B°) | 5B(BS — ptp~) | SB(B® — p'u~) | BOsign. | Speg—it]
20 18.2 b 35% > 100% 0.0—150 | > 100%
100 159 19 14% 63% 0.6 —250 | 66% | Run2
300 478 57 12% 41% 15—-350 | 43%
300 (barrel) | 346 42 13% 48% 1.2—-330c | 50%
3000 (barrel) | 2250 271 11% 18% 56 —8.00 | 21%
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3
3
E==1 |
B |

FCNC process forbidden
at tree level, BR~107%; Probe the SM!

aSensitive to the effects of
NP in Photon, vector and
axial-vector couplings which
can enter at the same order
as SM contributions
.‘iComplcmentarg information
toBpWw

aAmPIitudes expressecl using OPE n
terms o1C:
+ Hadronic Form Factors

(accuracg ~20%)
[A. Barucha et al. arXiv1004.3249]

+ Wilson coefficients Ceg7, CC’C;, CCFF]O
[A. Aliet al ,PRD 61074024, Z. Phys. C 67 4171
+ Clean theoretical Preclictions
expeciang at low clzzmZ (W)

— Experimenta”g clean signature

32
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B —> K !.,L+M~
¢ Strateggz

+ Measure event 3ielclsJ Aﬁband F from an unbinned simultaneous fit

to M(Kmpup), cos (9 ) and cos (6) in bins of clz

PDF (M ,0,,0,)=YS" (m)S"(0,,0,)e(0,,0,) Right tag Signal
M .
YL ¥ (m)s(~0,,-0,)¢" (0,,0,)  WrongtagSignal
I=f e e BKG
+Y,B"(m)B"*(6,)B"(0,)
Y$, Y, Event Yields
S(6,,0,),e(0,,0,), S‘(—6,,—6,),¢"(6,,6,) Signal 2D angular shape and eFﬁciencg
S(m),S"(m),B(m) Mass PDFs
B"(0,), B"(6)) Angular BKG PDFs

s db/ clqz obtained relative to the normalization channel B K'J /vy

=1 =g
e e N (v et \TBE ko) S -
€ " (1—fM)eM | | £ 7 (1 fM)eM Ag? N=normalization

dB (B? — K*u*u~) N
dg?

33
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¢ Strateggz

B — K* !J;'- M..

+ Measure event 5ie|cls, Aﬁband F from an unbinned simultaneous fit

to M(Kmup), cos (GK) and cos <6|> in bins of c:]2

CMS 20,5 ' (8 TeV)
140" 1.00 - 6.00 GeV * +-Data
 Signal yield: 346 + 24 —Tomlfit
1o0E- -- Corr. tag sig.
@ E ---Mistag sig.
=100 - Background
£ sof-
uEJ -
@ 6OF
401
20F
G_ i L -
5 5.1 5.2 5.3 5.4 5.5
m{K muw) (GeV)
140, CMS 2050 (8 TeV)
- [ g*1.00-6.00Gev? ~+Data
e B -=- Corr. tag sig.
n - --- Mistag sig.
Emﬂ - --.. Background
* aof i
60
| o v e M SR SO BN
20k
.... [ R S T b o DR ¥
1 08 06 04 02 0 02 04 06 08 1

cos(8;)

140 CMS 20.5 fb~ (B TeV)

C 4°: 1.00 — 6.00 GeV ? —+Data
- — Total fit

-- Caoarr. tag sig.
- - Mistag sig.
---- Background

6 04 02 0 02 04 06 OB

1 -0.8 -0.

1

c;aa{ﬂ,;_}u

Eventz/{ 0.1

+ B flavor tagging from Kn charge
4+ BKG PDrFs:
Combinatorial from MC
Peaking Parameterizecl on MC
B K 'J/y(y")
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Breal«:lown O]C exPerimental crrors

e Results in the range l<c]2<6 GeV? (best theoretical error)

Experiment F Arg dB/dg* (10-8GeV2)

CMS (7 TeV) 0.68+0.10+0.02 —0.07+0.12+0.01 44+06+04

CMS (8 TeV, this analysis) | 0.72 £0.05+0.04 —0.15%010 +0.03 3.6+03+0.3
CMS (7 TeV + 8 TeV) 0.71 4 0.06 Q12T 2 3.8 +0.4

LHCb 0.657 005 +0.03 —0.17 4 0.06 + 0.01 3.44+0310%

BaBar - - 41%32101

CDF 0.69721°4+008  0.29+02 +0.07 32+11+03

Belle 067+023+0.05 0.26+2% +0.07 3.0+02 +02
SM (LCSR) g —0.027 0% 4610
SM (Lattice) g3t —-0.03 75 38112

Results consistent with SM

+ Measurement dominated 139 statistical error: wait for new data!

LHC Heavy Flavor WG Public Meeting, 10/11/2015
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B —J/Wo

« CP Violating Phase (DS originatec] from interference between:
. Directb — J/Wo
. Decayvia mixingh — B — J/ VYo

N the SM:
6 ,
. =~2[3 =0. 0363 Jf) C;%] - with B;arg@-vts \/*tb/ V. V*Cb>
2 .é.1 =

New Phgsics in B
B W w+ B. mlxmg could modi 1C9
the Phase

i U, C,t b 36
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B —J/Wo

s+ Exclusive reconstruction of events

¢ Strateggz

+ Flavor tagging of the B_at the Procluction time
+ Multidimensional fit on m(BS), 0, ¢, W, ct,dct

s+ Likelihood:
L = Ls_[_Lbkgf
L« = N.-[f(©,act)® G (ct ox)-e(O)]-P. (mgg) .Ps(ow) - P: (€) ,
Lukg = Nokg - Pokg (05 0r, @1) - Posg (o5 1) - P (ct) - Pokg (89 ) - Pokg (0ct) - Pokg (€)

f(®, o, ct) signal PDF

G(ct, o) Gaussian proper decay time resolution, per-event
£(O) = g(cos Gy, cosy, @) angular efficiencies

Ps(mg.) signal mass PDF, triple-Gaussian with a common mean
Ps(o,,) proper time uncertainty (I" functions)

Ps(&) tag decision, per-event
P. Eerola
Pbkg background PDFs 4
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B —J/Wo

. Opposite side lepton (e, W) Flavor Tagging

usinga MultiLager Perceptron NN oPtimizecJ
to maximize P=g(1-2w)*based on lePton P

P
n, isolation, IP(3D), charge ina AR cone
» Ptag=1.307 + 0.0%1 £0.007%
W=30.17+ 0.24 +0.05%
€=8.351x O.05%
u tag 19.7 b (8 TeV) e tag 19.7 fb' (8 TeV)
R o S s e S S e g 0.7 S L
- CMS —e— B* data 1 - CMS —e— B* data
0.6 :__ _________________ N : ;igtsimulgﬂnn _: 0‘6:_ : ;Etsimulaticm
E e o eeee Fit ] i ------ Fit :
0_5: ..................... : ) —&— B* simulation : 0.5 _— 4_ + E;t Sl o en =
0-4; 0.45— .
G.af— 0.35— -
0.2 c,zi— B
0.1 ] = N B
o — ¥
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