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¢ Production cross sections:

¢ B & Quarkonium (13 TeV), Y (1S)Y (1S) (8 TeV)
a FCNC Measurements:
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Production Cross Sections
Preliminary Results @ 13 TeV:

¢ “Measurement of the B hadronic Procluction cross section
N PP collisions at 1» TeV” [L=50.8 Pb"]

¢ “Quarkonium Procluction cross section in PP collisions at 1%
TeV? [L=2.7 b

Preliminarg Results @ 8 TeV:

¢ “Observation of Y (1S) Pair Procluction at CMS?
[1L=20.7 b
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G(pp — B'X) @ 13 7V

¢ Measurements of b-hadron Procluction cross sections at the highcst
energy Proviclc crucial test of QCD calculations
¢ Strategy:
+ Measurement Pcmcormccl using B — J/QY K", J/Y— pu &K’ from
the same vertex)
+ Kinematic fit Pcrmcormcd constraining m(uM) to the J /U mass
4 Ditferential cross sections as a function of transverse momentum
and rapiditg in the range 10 GeV < PBT <100 GeV, lgﬁl <24

do(pp —+ B X) Msig (PT) do(pp —» B*X) _ sig (1y°])

dpB 2[A[fe(PB)|B £ Ap3 * dy® 2 A Je([BT] B £ AyE

- Acceptance X Eﬁi’cicncgjointlg evaluated from simulated B* sample
% Irigger & Muon etficiencies from data inclusive J/ Y — uu clccags
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G(pp — B'X) @ 13 7V

uSignal 9ields extracted in the different bins from a m(U/p K fit
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G(pp — B'X) @ 13 7V

@ DiHerential cross sections:

CMS Preliminary 50 8 pb (13 TeV)
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¢ Systematics from muon identification & reconstruction, signal & BKG

PDFs, PBT &y Prcdiction & resolution, track reconstruction,

luminositg and BR(B" = J/P K= pu K*)
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G(pp — B'X) @ 13 7V

@ DiHerential cross sections:

10 CMS Preliminary 50 8 pb (13 TeV) 20 CMS Prellmmary 50 8 pb (13 TeV)
E T y = | b - y - -
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e Measured values show reasonable agreement with Preclictecl shapes
and normalizations bg PYTHIA [Comput. Phgs. Commun. 178, 852 (2008) | &
FONNL [UHEP 0103, 006 (2001)]
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K pp — Juarkonien) @ 13 TeV

o Quarkonium Procluction described bﬂ Non-Relativistic QCD using
factorization of Pcrturbativc & hadonization processes
- Comparison of cross sections at 7 TeV and 13 TeV Proviclcs a test of

the factorization hgpotheses

¢ Measure Pp J/v, v, Y(nS) double ditterential cross sections as a
function of transverse momentum and rapiciitg in the range
P >20GeV; [y l<12:

0 NU(pr,y) 1
dprdy ~ LAyApr iE(PTfy)M(PTfy)f

BR(qq — # 1) X

-+ Acceptance evaluated cvcnt~bg~cvcnt usinga simulated samplc with

flat raPiclitg and realistic PT distribution assuming no Polarization
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K pp — Juarkonien) @ 13 TeV

o Quarkonium Procluction described bﬂ Non-Relativistic QCD using
factorization of Perturbative & hadonization processes
- Comparison of cross sections at 7 TeV and 13 TeV Provicles a test of

the factorization hgpotheses

¢ Measure Pp J/v, v, Y(nS) double ditterential cross sections as a
function of transverse momentum and rapiciitg in the range
P >20GeV; [y l<12:

0 NU(pr,y) 1
dprdy ~ LAyApr iE(PTfy)M(PTfy)f

BR(qq — # 1) X

" E{:ﬁciencg from data-driven studies using Tag & Probe technique on
inclusive J/Q — pp cJecays
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K pp — Juarkonien) @ 13 TeV

@ Strategyz

& Vertex of oPPosite charge muons fitted in I’xigh accel:)tance region
P_(W>45 GeV forn(wl<o0.3
P_(W>4.0 GeV foroa <In(wl <14

@ Signal 9ields extracted in the different bins from invariant mass fit

- 270" (13 TeV)
[0))
s CMS
& 1000 Preliminary Mass PDrs:
% 22<p_<24 GeV Sigﬂal:
> 800 yl <0.6
. )z;/ndf=1.0 S+, Y: Crgs‘cal Ball
600 o % J/W: Crgstal Ball+Gaussian

---- Background

400 ) )
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K pp — Juarkonien) @ 13 TeV

o Non-PromPt charmonium Fraction 7Crom B clecags extracted 1Crom a

simultaneous 2D (m, clecag Ienght) fit:

Events/ 10 MeV

241" (13 TeV)
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Capri 2016, 11-13 June 2016

FPDL PDFs
[+ Proml:)t:

Resolution

function

'™ Non-—PromPt:
Exl:)onential R

resolution

- Combinatorial:
2 Gaussians
centerecl at zero +

Exponential
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o( pp —> C/zarmOn/‘am> @ 13 72\/

@ Double differential charmonium cross sections:

241" (13 TeV) 2.7 16 (13 TeV)
E 10° Iér CMS » 00<lyl<03 E - CMS " 00<lyl<03
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¢ Systematics include: Signa! & BKG PDFs, resolution function, muon
emcﬁciencg, limited MC statistics, non-prompt fraction (Primarg vertex

choice, clecag |enght PDFs)
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G(pp — Botdonrionmunsr) @ 13 TeV

@ Double differential bottomonium cross sections:
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uSgstematics include: Signal & BKG PDFs, resolution function, muon

egiciencg, limited MC statistics
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o( pp —* daaréon/a»» @

o Comparison between different energies:

24" 1511 2.7*% 15" (13 TeV)

13 7V
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¢ Results for | y |<1.2 from Weightecl averages of different ral:)iclitg bins

o Cross section ratios ~ 2-3 with slow P clependence (expectecJ from

evolution of Parton distribution function)
e NRQCD Prediction @15 TeV to be uPdatecl
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o pp — Juarkoniein) @13 7TV

o Excited vs grouncl Prompt fraction states :

N o1 24127V b (13 Tev) ; 2.7 (13 TeV)
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Y{(1S) paz‘r proa/ac:z‘/on

@ Quarkonia Pair Production measurements ProvicJe imPortant tests of

single (Cloublc) ~Parton~5cattering mechianisms and tetra—-quark states

clecags

@ Measure pp Y (1S) Y (1S) total cross section in the range

PT (Y>< 50 GC\/; IH (Y) l < 2.0:

NYY

|

~

olpp = YY) = BR(Y — pp)?- L

© <F

e JA T

v E‘f‘ﬁciencg ancl Acceptance coml:)utecl event—-bg-@vent on a MC sample

using the measurecl Y ancl muon momenta

¢ Y mesons assumed to decag isotropica”g

Capri 2016, 1113 June 2016
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Y{(1S) pa/r proa/acz‘/on

oY Pairs candidates reconstructed in events with four muons with total

zero clﬁarge from the same vertex (P (W) >25GeV; [y (W< 2.4)
uSignal gields extracted from 2D (m(y IJ)High’ m(pW), ) invariant mass fit

Higher m(uM) L ower m(uu)
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Y{(1S) pa/r proa/acz‘/on

e MNve comPonents considered:
Y(1S) Y(US), Y(S) Y(29), Y (S) BKG, Y (25) BKG, Pure BKG
o Non~|:>rom|:>t Y Procluction negligible

Higher m(uM) L ower m(uu)
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Y{(1S) pa/r proa/ac:z‘/on

RCSUIt:

0 =688+127+74+28 (BR, ) Pb

Y —uy

¢ Systematics from: signal & BKG PDF shapes, muon e{;ﬁciencg &

acceptance, |uminosit9

uAccePance sensitivitg onY clecag angular distribution checked for
extreme scenarios of 100% longituclinal (transverse) Y Polarization

+ Total cross section variation fom -38% to +%6%
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FOCNC /n B DeCLdy5

B° — K*uu:
¢ “Angular analgsis of the Aecag B — K°up from PP

collisions at Vs =8 TeV” [L=20.5 b
Phys. Lett. B753, 424 (2016)
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B— Ky

a Kinematics of the clecag B>Vuu-
V=K', o, p) determined ]39 three angles:

¢ Event Vields reconstructed in bins of
qr=m* ("W

@0 integrated out in the current analgsis

a Ditferential Ampli‘cucle:

1 d*r
I' dcos6xdcos6 dg? @ 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 20
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B— Ky

a Ditferential Ampli‘cucle:

1 d3r

chusﬂgd

cos 6, dg?

o | = e P }:USBK (1 —cos*4)
16 | [ 32" 3= I

+( -

ﬂ [ZFL cos® 6k (1 — cos? ;)

+ %(1 — F1)(1 — cos? 6x) (1 + cos® ;)

4
3

+ = Apg(1 — cos? 6) cos 9{| }

a Kinematics of the decag B>Vuu-
V=K', o, p) determined ]39 three angles:

¢ Event Vields reconstructed in bins of
qr=m* ("W

@0 integrated out in the current analgsis

¢ ]:5 Fraction of spinless Kn (S-wave)

combination

P AS: lntemcerence ampli’cude between

S-wave and P-wave dec395
o Small contributions (F,<0.03,

A5:~O.§/O.§ clepencling on the clz bin)
21
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+ -
B— Kutu
¢ Strateggz
+ Measure event 9ielcl Y, Aﬁband F from an unbinned simultaneous fit

to M(Krp), cos (6 ) and cos (6) in bins of qz

PDF (m,0,,0,)=Y5[S"(m)S*(8,,0,) e (6,.8,) Correctly Tagged Signal
vt ;M S (m)$*(~0,,—6,)€"(6,,6,)] Mistagged Signal
+Y,B"(m)B"(6,)B"(9,) BKG

Y$, Y, Event Yields

Ja Fraction of mistaggecl signal events

S(0,.0,).€(6,.0,).€"(0,.0,) Signal angular shape and e{:ﬁciencg

S(m), 8" (m),B(m) Mass PDFs

B(0x) Angular BKG PDFs from Data Side Bands

s+ db/ clqz obtained relative to the normalization channel B° — K'J /vy
22
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¢ Strateggz

CMS 20.5fb ' (8 TeV)
Z140[-¢* 1.00 — 6.00 GeV? ~+-Data
& F signalyield: 346 + 24 —Totalfit
o~ - = Mistag sig.
g 100 ----Background
% 80F
@ 60F
40
20 ANy
0 L " ; ;
5 5.1 5.2 5.3 5.4 5.5
m(K'nu'iw) (GeV)
140 CMS 20.5fb ' (8 TeV)
= [ ¢*1.00 - 6.00GeV? -+ Data
S 120 — Total fit
= " == Corr. tag sig.
n = « Mistag sig.
§ 100 - -.-.Background
“ sof- +
60—
40 T
D iy A Lk«. aTee el Na e TN TR T e D ek T .
-1 -08 -06 -04 -02 O 02 04 06 08 1

B— Ky

+ Measure event gielcl Y, Ama”d F from an unbinned simultaneous fit

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

CMS 20.5fb ' (8 TeV)
C g* 1.00 — 6.00 GeV? —+-Data

C — Total fit

A == Corr. tag sig.
= =~ Mistag sig.

- -.--Background
Wﬁ&xﬁ%\%ﬁﬁ%&\%‘ ;
1 -08 -06 -04 -02 O 02 04 06 0.8 1

cos(0g)

Capri 2016, 11-13 June 2016

Example: | < q2< 6 GeV*

qz Perturbative window with theorg error

under goocl control, away from clz — 0

Photon Pole ancl cC resonances at higher CIZ

23
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+ -
B— Kutu
+ Measure event gielcl Y, Ama”d F from an unbinned simultaneous fit

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

¢ Strateggz

CMS 205 ' (8 TeV) 140 CMS 20.5fb ' (8 TeV)
Z140-g¢": 1.00 — 6.00 GeV? ~+-Data -~ F ¢*1.00 -6.00 GeV? —+Data
C Signal yield: 346 + 24 — Jomlft S 120 — Total fit
S ok _-&\Ctl)rr. tag sig. = N _-:Q\Cr:}rr, tag sig.
N =~ Mistag sig. g 100E =i~ Mistag sig.
S 100 ----Background o ----Background
% b " 8oL
2 8of -
& eof 60f-~..
aof- 401
208 AN 20\& BERSSE RIS -5 SRR
I | | AN e I e
5 5.1 5.2 5.3 5.4 5.5 ‘1 -08 -06 -04 -02 0 02 04 06 08 1
m(K'm ') (GeV) cos(0g)
140 CMS 20.5fb ' (8 TeV)
- — . _ 2 Dat ,
S ,f ¢ 00 -Bo0ceY 2 Total fit + Total of ~1400 SIgnal evts reconstructed
= " <= Corr. tag sig.
§ 100 " Background | | NO PID:
" sof- —+—
sof- + B flavor tagging from best m (Km)
40 , .
I I + Mistag fraction = 12-14% from MC
QFomosesSI _002 iissesSssa N | 4 BKG PDFs from Data Side Bands 24
cos(0))
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B— Kt p KResults

__ 12CMS 205 ' (8 TeV)
f‘.‘} - —4— Data
g m-_[:](SM, LCSR }
9w - [_1(SM, Lattice )
v .
2 6
), == .
4_
2
U- I 1 I 1 I 1 I 1 1 I 1 I 1 1 I 1 1 1 I 1 1 1 I 1
2 4 6 8 10 12 14 16 18
q’ (GeV?)
,CMS 20.5fb ' (8 TeV)
<& | —+Data
0.8F
[ |(SM,LCSR )
D'B;_D SM, Lattice )
0.4F S5 o SN N
0.2 —F—
OF--s1csss |—}—&—I—l -----------------------------------------------
-0.2F ‘
-0.4F
-0.6F
0.8
= | | Ll I | | N PR |
2 4 6 8 10 12 14 16 18
g (GeV?)
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20.5fb ' (8 TeV)

W™
0.9

0.8

IIIIIIIFIIFIII Cj
=
w

+

555 T e

rII|1II1IIIIIII1II]III[|IF]I

0.2 —4— Data
““E[](SM, LCSR }
0.1E- 1 ( sMm, Lattice }
G L é 1 1 1 I 1 I 1 1L 1 | 1 1 1 I 1 1 1 I 1 L 1 I 1 1 L I 1 1

4 6 R TR T T VT T
g (GeV?)

Results consistent with SM
¥ Sgstematics from BKG PDF shapesJ
e{:ﬁciencg, simulation mismoc:leling and fit

bias.

- Theoretical Preclictions:

o Light~cone sum rules at low qz and
extrapolation at high c]z
[JHEP 09 089 (2010), JHEP 02 010 (2013)]
4 Lattice [Phys. Rev. D89 094501 (2014)] s
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Comparis oNn a.)/Z‘/'I oZ‘/?er eXperimenZ‘S

— 12 .
“n“} i #+CMS (7,8 TeV) w 15 |
2 o0 + LHCb | 0.8F- _++_
vl + BaBar 06k _+_ | ++. |
@ N + Belle - | Y + Y
@ 8-.  .CDF — =1 04 0 | —— i
La— B pa— - ; [ §
e b e t 0.2 k
2 60 '_+— + . S E t ' i
af- ro— + —— 0.2F. #CMS (7,8 TeV) +
- == r =+ LHCb
- 3 -0.4F + BaBar
2 _DB:_+BBII9
- °F . CDF
D | I I I 1 I L - 1 I - - - I - | I _DB-I 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 ] 1 I 1 L 1 I 1 L 1 I 1 L 1 | 1 1 1 I 1
o 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
¢° (GeV?) 7 (GeV?)
2 T
< 0.8F |
oo | S What Next from CMS?
- :_ l'. )
04T | I e Result using new angular variable
“"*E"""‘"“F"‘"‘“ P5 with reduced Form-Factor
0.2 3R Y
- - #CMS (7,8 Te
0.4 —+ i Y dependence exl:)ectecl soon
—D.E:— + BaBar
- + Belle
08E . CDF
-qLC o o by e v by e v by o by o b o by b g 1y
0 2 4 6 8 10 12 14 16 18

q° (GeV?) 26
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/QEAﬂZ/%>7C§9QDecay6I
t_’Z_q:

o) “Search for l:la\/or-(,lﬂanging Neutral Currents in ToP~Quar‘< Decays t — Zq n PP
Collisions at Vs =8 Tev” [L=19.7 fb] Plﬁgs. Rev. L. 112, 171802 (2014)

t— H C] :

o) “Search for toP quark decags via Higgs~boson~mediated flavor changing neutral
currents in PP collisions at Vs = 8 TeV” [L=19.7 1 Preliminarg

¢ “Search for top quark decags t—=gH with H = vy in PP collisions at Vs = 8 TeV”
[L=19.7fb"] Preliminarg

¢ “Search for the Flavor~Changing Neutral Current Deca9 t— qH where the Higgs
clecags to bb Pairs at Vs =8 TeV” [L=19.8 ﬂ)"] Prcliminarg

Smgkt+y:
' “Search for anomalous single toP quark Production in association with a Photon n
PP collisions at Vs =8 TeV” [L=19.8 fb'] JHEP 04, 035 (2016) -
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B> Ky

Belle preliminary 1
LHCb 2013 | 2+LHCb -#-BaBar - Belle
4 LHCb 2015 :f :' T T . , :
B SM from DHMV [ LHCb 1

IF
+ -.+= . 0.5?— o SM _

=10} | .
: PRL 113 (2014) 151601
(] SRS RS S S S S
o ' ' ' 0 5 10 15 2
0 5 10 15 20 LG

¢ (GeV®/c?)
o LHCh full statistics result on P5' discrepancg at34 0o level
[UHEP 02,104 (2016)]
¢ Belle confirms the tension at 2.1 0 level [arxivi604.04042]

¢ Need to control the charm penguin to clisen’tangle SM from NP in C;’CF

and C;g "
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B K /| Related ouatities
aK' U*l tension motivates studies of differentia

[UHEP 06, 135 2014)]

dB/dg? [10® x c%GeV?]

B[CSR  Lattice -»Data
—

B K

LHCb 3

: + ‘
ﬂﬂ.l.”%““]Iﬂ”liilﬁ'l“?llﬂ”
¢* [GeV?cY]

dB/dg? [10® x c%GeV?]

: E
N

dB(B{—@up)/dg? [10°GeV *c*]

[JHEP 09,179 (2015)]

g [GeV7/c?]

R CSR  Lattice -+Data 2 M CSR Lattice -#Data
B-Kuw 1 7% B' K p ]
LHCb 1 9 15 LHCh -
1 W ¢ -
X ok - -
o [ -+- ]
= [ ;
] 5k —
& L i
D +‘+‘ ! ]
A N T B - N %U'...I.J..l....h._'.l..'
5 10 15 20 0 5 10 15 20
¢ [GeV¥¢4] g* (GeV¥c4]
.T: I.S: T T 3
_,i 1,6;_ 5M predictio f\b—)f\“u _E
Ou 14 . E
= 12F =
v R
o S ;L 0.6 ::--"‘;'" ----- i-“_“i_;
Bewd  §oaft [ —+- | LHCb 1
15 0 5 10 15 20

[UHEP 06, 115 (2015)]

.aA” the results are “consistent” with SM at<2.2 ¢

abut all of them are lower than the Preclic’cions...
Capri 2016, 11-13 June 2016

g% [GeV?/c?]
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B—n /*/"

T T T T T T T T T T T T T O

aMeasurements of related b — Cl}J *% Zzé LHCb E
channels very useful to reveal § >0 "-"'gj%r}“y‘_ E
A | Ko
information on Minimal Flavor Violat 8 a0 T
nature of New Ph ysics % 20 o b el E
O 10w T 4t +
of

T 5200 5400 5600 5800 6000
m(rutu’) (MeV/e?)

L HCh HEP 10, 034 2015)1:

BR® = aun)=(1.85£0.24+0.05) 10" in agreement with MFV

BR (B — w'' ) /BR (B — Kiu'w) = 0.0%7 + 0.008+0.00!

IV I/IV 1=0.247050 in agreement with box processes (Am /Am ) results
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