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¢ Production cross sections:

¢ B & Quarkonium (13 TeV), Y (1S)Y (1S) (8 TeV)
a FCNC Measurements & CPV:

oD = K*I'T

aSinglet+y, t— Zq & t—Hq, CPVinttevents 1
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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 proc uction at CMS”
[1L=20.7 b
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G(pp — B'X) @ 13 7V

o Measurements of b-hadron Production cross sections at the highest

energy Provicle crucial test of QCD calculations

¢ Strategy:
# Reconstruct B — J/w K*, (J/w — pp & K from the same vertex)

% Measure differential cross sections as a function of PBT and 95 in

the range 10 GeV < P®_ <100 GeV; |y°|< 2.4

do(pp = B"X) _ sig (PT) do(pp - B*X) _ sig (1y°])

dp? 2[A|{e(P®)|B £ APE dy® A {e(yPT] BL Ay

- Acceptance X E‘Fﬁciencgjointlg evaluated from simulated B* sample
% Irigger & Muon eticiencies from data inclusive J/w — pp decags
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G(pp — B'X) @ 13 7V

uSignal 9ields extracted in the different bins from a m(U/p K fit

CMS Prellmlnary 50 8 pb (13 TeV)

10 <p_(Jhy K') <100 GeV; 0 < Iy(Jhp K"l < 2 4
—+— Data
— Total Fit

il Jhy K* Signal

------- Combinatorial Background

B — J/y+K+X Background E

5 51 5'2'53'54 55 5.6 5.7 58 59 6
. [GeV]

J/ K*

2016, 11-13 June 2016

m(J/Y K) PDF

& Signalz sum of two Gaussians

(relative fraction from MQ)

& Combinatorial: Exponential

function (rom inclusive J/w)

& Mis-reconstructed B = J/WKX:

Error function

4 Negligible contribution from
B"—J/pm
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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 TBV)
| T T T T T T = — [ T ! —
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© — — - PYTHIA (13 TeV, ly _|<2.4) ] Elq 14 - PYTHIA (13 TeV, E >10 Ge‘u’)_
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05F =
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p,(JAy K*) [GeV] ly(JAy KHI

¢ Systematics from muon identification & reconstruction, signal & BKG
PDFs, P° & y” resolution, track reconstruction, luminosity and

BRB — J/P K'—= pyu K")
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G(pp — B'X) @ 13 7V

@ DiHerential cross sections:

CMS Preliminary 50.8 pb”’ (13 TeV)
S‘ 10 Eter =~ T &~ & & 1 7 =
D - -_._ + Data (13 'I'e\.-“ Iy l=2.4) e
o C W —+— Data (7 TeV, ly, =2, 4) ]
1 1 EB= FONLL (13 TeV. yl<2.4)  —
g = Bs- [N FONLL (7 TeV, ly |<2.4) =
!9' ~ — - PYTHIA (13 TeV, ly_I<2.4) ]
? 10~ E -—-—_ -— = PYTHIA (7 TeV, ly_I<2.4) -
m - —% .
T | |
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=] 1.6 = =
= - .
|e} 1 -
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do(pp — B'X)/dy [ub]
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50.8 pb” (13 TeV

+ Data [‘ISTeV p :-10 Ge‘u’}

—&— Data (7 TeV, p :-SGeV]
FONLL (13 TeV p > 10 GeV) -

[ FONLL (7 TeV, p :-sae\.n

- PYTHIA (13 TeV, p? >10 GeV)
E

"

o
v
t
0]
)

s

PYTHIA (7 TeV

ly(Jry KH)I

e Measured values show reasonable agreement with Preclictecl shapes

and normalizations bg PYTHIA [Comput. Phgs. Commun. 178, 852 (2008) | &
FONLL [UHEP 0103, 006 (2001)]
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K pp — Juarkonien) @ 13 TeV

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

the factorization hgpo’thcscs

¢ Measure pp = J/w, w25S), Y (nS) double ditterential cross sections

as a function of transverse momentum and raPiclitg in the range
P_>20GeV; |yl<1.2:

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

BR(qq — # 1) X

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

flat raPiclity 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 hgpo’theses

¢ Measure pp = J/w, w25S), Y (nS) double ditterential cross sections

as a function of transverse momentum and raPiclitg in the range
P_>20GeV; |yl<1.2:

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

BR(qq — # 1) X

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

@ Strategyz

& Vertex of oPPosite charge muons ftted in I’xigh accel:)tance region
PT(}J)>4~.5 GeV for In(u) <03
P (W)>4.0 GeV for 0.3 <In(u)l <14

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

- 270" (13 TeV)
[0))
s CMS
& 1000 Preliminary Mass PDrs:
P , |
€ 22<p,_ <24 GeV Slgna :
> 800 yl <0.6
. indi= 1.0 $P2S),Y: Crgstal Ball
600 o % J/W: Crgstal Ball+Gaussian

---- Background

400 ) )
Combinatorial:

200 - Exponential function

IIIIIII|I1I|III|I]I|III

1 | | 1 1 | | | | 1 | | | | 1 .I | | 1 1
9 9.5 10 105 11

pu invariant mass [GeV] )
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K pp — Juarkonien) @ 13 TeV

@ Non~Proml:>t charmonium fraction from B clecags extracted from a

simultaneous 2D (m, clecag length) fit:

Events/ 10 MeV

241" (13 TeV)

6000— CMS 20 <p, <21 GeV
T Preliminary ly|<0.3
= 2 -
5000[ ¥2/ndf = 0.98
C — Total fit
4000} J/LIJ - Background
3000
2000—
1000
0: L LL L L TR o LR ) s ! )
2.95 3 305 31 315 32 3.25
wu invariant mass [GeV]
2.7 " (13 TeV)
450~ CMS 225 <p_<25GeV
Preliminar lyl <0.3
400 4 x2indf = 0.79
350 )
— Total fit
300 LIJ - Background
250
200
150
100
50 0 TETE el +??*;,‘.'+Y+WA bt 4

L 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 'l
3.7 3.8 3.9
wru invariant mass [GeV]

Events /20 um

Events /20 um

241" (13 TeV)

- CMS 20 <p_<21GeV
10 Preliminary ly| <0.3

E x2/ndf = 1.26
10°E — Total fit

E — Prompt signal

C — Non-prompt signal
102 --« Background

10 I
1 —T

005 0

L L L 1 L 1 | 1 1 1 L I L 1 1 L ‘ Al Il 1
0.05 0.1 0.15 0.2

Pseudo-proper decay length [cm]
2.7 o' (13 TeV)
E CMS 225<p_<25GeV
" Preliminary lyl <0.3
108 ¥2/ndf = 0.89
E — Total fit
B — Prompt signal
10 E e P — Non-prompt signal
E = --- Background
B b
10 f } 1
1 1 | PR T NN ST S TN M B A | P 'I Tie 1
-0.05 0 0.05 0.1 0.15 0.2 0.2

Pseudo-proper decay length [cm]

FPDL PDFs
[+ Proml:)t:

Resolution

function

'™ Non——PromPt:
Exl:)onential R

resolution

' Combinatorial:
2 Gaussians
centerecl at zero +

Exponential
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K pp — Juarkonien) @ 13 TeV

@ 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
E C Preliminary * 03<lyl<0B6 x1/2 E 10 Preliminary * 03<lyl<0B6 x1/2
_-E‘ 10 e . + 06<lyl<0.9 x1/4 _-E‘ - + 06<lyl<09 x1/4
" e lte. T 08<lyl<12 x1/8 o _ . * 08<lyl<12 x1/8
I3 10k o e ltna, g 1 ..,
x - = : i, :i : . * L : . .
% 1 Ttren s, : . : . % 10”1?_ N :
1 - ! : R : -2 ;_ i
107 N 107E 5
= v . . C *
.“]--2 .E— v * [ ] 1ﬂa E_ 5 !
> .aE_ Jhy : o< V@S !‘t
1 1 1 1 L 1 1 1 | EI 1 1 1 L 1 L 1
20 30 40 50 60 70 80 9010° 20 30 40 50 60 70 80 90 10°
J S
P2 [GeV] P! [GeV]

¢ 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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K pp — Juarkonien) @ 13 TeV

@ Double differential bottomonium cross sections:

; 271" (13 TeV) . 271" (13TeV) 271" (13TeV)
33 v 00<lyl<06 C v 00<lyl<06 % I * 00<lyl<06
o] 3 [
- CMS - CMS ¢ 10F CMS
% - Preliminary * 06<hict2 xR % 10k Prelminary ' 06<lyi<12 x12 i& - Preliminary ' 0B<lyi<12 x1I2
b%‘ 105_ . 'Q'E : i 56' ! '
g f, v %lg L Yo 1F
° X T e \ 2 S
X . s X ¢ X - . .
r IF A i A s g o
it : ', ] Jh ' : il 1l ' . 'y
[ 1 l|l 10--1_ | '|' 10 "'I'
10'F v e : L
E ' i 1 L i i
E Pk " 3" ! 2L by !
- T 0% b - by
102 ' : ; ;
F o Y(15) ' [ Y(2S) i - Y(3S) i
. ’ 103 H 10°F !
103 | | | | i | | | = | | | i ] i ] E ] | | | | | |
20 30 40 50 60 70 80 90 10° 2 30 4 5 60 70 80 90 10° 20 30 50 60 70 80 9010°
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uSgstematics include: Signal & BKG PDFs, resolution function, muon
egiciencg, limited MC statistics
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K pp — Juarkonien) @ 13 TeV

o ComParison between different energies:

24" 1511 2.7 15" (13 TeV)

= - " Jhy, 13 TeV o 7 TeV
o] . CMS '
g 10° = Preliminary * y(25), 13 TeV = 7 TeV
S 10°F ., lyl<1.2
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= 10° + Y(38), 13 TeV s 7TeV
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o Cross section ratios ~ 2-3 with slow P clepenclence (expec’cecl from

evolution of Parton distribution Function)

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

¢ Quarkonia Pair Procluction measurements Providc imPortant tests of
single(clouble) ~Parton~5cattcring mechanisms and tctra~quar|< states
clecags
+ Measure pp — Y (15) Y (1S) total cross section in the range
P_ (Y)<50 GeV, 19 Y)|< 2.0:

NYY 1
-

YY) = e
o(pp = YY) BRY = up)?- £ [e]A

o Eicﬁcicncg and Acceptance comPutcd cvcnt~bg~cvcnt on a MC sample
using thc mcasurccl Y ancl muon momenta
oY Pairs candidates reconstructed in events with four muons with total

zero chargc from the same vertex (P (W) >3.5 GeV; l y (W < 2.4)
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Y{(1S) pa/r proa/acz‘/on

uSignal 9ields extracted from 2D (m(u “>H,gh’ m(uY), ) invariant mass fit

e Mive components considered:
Y (1S) Y(5), Y(US) Y(25), Y (1S) BKG, Y (25) BKG, Pure BKG

Higher m(uM) L ower m(uu)

CMS pPreliminary L=20.7 fb"! ({s=8 TeV) CMS Preliminary L=20.7 fb"" ({5=8 TeV)
} [ T T T T I T T T T I T L} T T I T T T T I T L} T T ] } " T T T T I T T L T I T T T T I T T T T I T T T L} ]
o . [ o 7
| * Data ] B * Data |
E 25 . —— All componenets N — 58 —|— 7 - E 25— All componenets —]
It - - Y(18) Y(15) - - = o] = == Y[185) Y(185) .
= ool - YOS YES) o ] ~ - - Y(18) Y(285) .
a " -..- Y{1S)-combinatoriral i @ o0k - .= Y(1S)-combinatoriral —
T - == Y(25)-combinatoriral 1l o o . = = Y[2S)-combinatoriral |
=] — =='Pure combinatorial = N === Pure combinatorial ]
ge 15 = —
c - ) c 15 m
o - © J 7
S F Y i S 3 k. ]
B i ' ] o] 107 3 & :‘ 1 —]
- HE v P : S -
5 [ i ‘;. - - - + * ] 5 " II ‘| - _
: ' b= Hi} : — .' # -| 2 o -
B ' \_-._‘ A T o Pooov 1

o B2 Freprpl L e . N ok A : !t‘iilﬁn—.
5 1 L ] L 5 1 ] LILIL l LI | LI | LI | LI | LI | L) | LEILIL) l I.I I'l LI LI I LI

_gl P AR s B i PR 1 I I AP S g1 1 | | | | 1 [ I I I

86 88 9 92 94 96 98 10 102104 106 108 86 88 9 92 94 96 98 10 10.2 10.4 10.6,10.8
M. [GeV] M, [GeV]
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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

uAccePtance 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*up:
¢ “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— Kyt

a Kinematics of the clecag B—=>VU'u-
V=K, ¢, p) determined ]39 three angles:
+ 0,0,¢
¢ Event Yields reconstructed in bins of
qr=m* (W)

@0 integratecl out in the current analgsis

a Ditferential Ampli‘cucle:

1 d*r
I' dcos6xdcos6 dg? @ Observables Include:
9 [2 4 / , , ,
== { [iFS + 5 As cos 91{| (1 — cos®6)) s Differential Branchmg 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 8
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B— Kyt

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—=>VU'u-
V=K, ¢, p) determined ]39 three angles:
+ 0,0,¢
¢ Event VYields reconstructed in bins of
q=m"*(u"W)

@0 integratecl 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)
19
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¢ Strateggz

Events / (

0.028 GeV
— — —
o N B
& o ©

B— Kyt

+ Measure event gielcl Aﬁbancl F from an unbinned simultaneous it to

M(KTTpp), cos(8 ) and cos (6) in bins of qz

cMS 20.5fb ' (8 TeV)
140
— [ ¢*1.00 - 6.00 GeV? ~+Data
S 190 — Total fit )
= A == Corr. tag sig.
@0 = =~ Mistag sig.
§ 100 -...Background
" 8o
60t~
N
20 \\ e D T
o & . mmm\m%%m'M‘
-1 -0.8 -06 -04 -0.2 0 02 04 06 08 1
cos(0g)

CMS 20.5fb ' (8 TeV)
~ g¢°: 1.00 — 6.00 GeV? ~+-Data
- Signal yield: 346 + 24 —Totalfit
- <= Corr. tag sig.
- = Mistag sig.
- ----Background
80
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)
C g* 1.00 — 6.00 GeV? -+ Data
120 - — Total fit
[~ +2 Corr. tag sig.
= « Mistag sig.
100 :_ ----Background
sof- +
60—
40 T
20 & \
iy \ X« aTedeele tal e teTelv e kel et e

08 -06 -04 -02 0

Capri 2016, 11-13 June 2016

-4

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
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B— Kyt

¢ Strateggz
+ Measure event gielcl Aﬁbancl F from an unbinned simultaneous fit to
s s 2
M(KTTpp), cos(8 ) and cos (6) in bins of q
CMS 205 ' (8 TeV) 140 CMS 20.5fb ' (8 TeV)
2140 :_qf: 1.00 - 6.00 GeV? :?gttgl o g - ¢*: 1.00 - 6.00 GeV* :'Ec?ttgl i
§120 - Signal yield: 346 +24 S Con: 254D 2120 = Corr. tag sig.
N - ~ Mistag sig. g 100E =~ Mistag sig.
S 100 ----Background o o ----Background
— - 1T} L
2 sof 80~
& 60 BGE?
sof. 40
203_ _____________ 20 X - e D T
N U TR . DM&W@\W&%&%&\M‘«
5 5.1 5.2 5.3 5.4 5.5 1 -08 -06 -04 -02 0 02 04 06 08 1
m(K'nu' ) (GeV) cos(0g)
140 CMS 20.5fb ' (8 TeV)
Spof. ¢ NP0 E00CV & Total i + Total of ~1400 SIgnal evts reconstructed
g - _-&:C-.:Jrn tag sig.
g100F " Background | | NO PID:
" sof- —+—
sof- + B flavor tagging from best m (KTm)
:Z: S + Mistag fraction = 12-14% from MC
| Fy \ X\ka;. S

Capri 2016, 11-13 June 2016
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+ BKG PDFs from Data Side Bands o1
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B— K" p Results

__ 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)] ”
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Comparis oNn w/'Z‘/'I oZ‘/?er eXperimenZ‘S

- 12 o
L +CMS (7, 8 TeV) o
) - + LHCb 0.8 +
® N + Belle ~E it 1 '
g 8. + CDF b : 04 .. Ll —ﬁ | .::. +
% [ . + F I
E 6o —+— —£—+ U'E; 1 s
5 B ——8 ;"""""""""""""""""""""""""""""""""""'""
4 + I S . '—+;— noF #CMS (7,8 TeV) +
S .++ H 02F . LHch
- -0.4- + BaBar
2_— DB:—+ Belle
- ~"F +CDF
D I IR l l i —— | [ _DB-IllllIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
¢° (GeV?) 7 (GeV?)
o 1
< 08 | Exl:)ectecl sSOOonN:
0.6 T
0.4F " 1 —— e |* Result using variable P5' with

|

reduced Form-Factor dependence

s DB — Ky, K¥uu angular analgses

0.2 + ! +CMS (7, 8 TeV)
04" + LHCb
06 + BaBar
+ Belle
-0.8 - + CDF
= | N P 1 el s 1B
0 2 4 6 8

I ] 1 I 1 1 1 ' 1
10 12 14 16 18
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Fromn B Zo ’fop Phys/cs : ”,
MeaSurentent

¢ “Measurement of the toP quark mass in tt events with a J YA,
from PP collisions at 8 TeV” [L=19.7 b

Preliminarg

¢ “Measurement of the toP quark mass using charged
Particles in pp collisions at Vs = 8 TeV? [L=19.7 fb]
Phys. Rev. D93, 092006 (2016)

24
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From B Zo 7”op “ meaSurenrernt

¢m measurements usmg Jets lxmltecl bﬂ hadromzatlon moclelmg

» Use cleaner observables sensitive to m,: J/ L|J—le[:>ton invariant mass

int— blv clecags: BRE—=>Wb W—=1v) (b—J/wX)=3.210"

Pre]iminarg result:
=1755+£5.0+£0.9 GeV

. t
s fg— W~
i/t CMS Pre;mnmy 19.7 ib (8 TeV)
— I T T T T T T T T T T T T
- 100 |— eﬂ.l..lree.l'ppfep +Jels chan el i
(5 -
i o
i b L
—
80—
CMS pFreliminary 19.7 i (8 TeV) -E |
= 250 @
@ =
& w B
w -
(=] 200 60 [— .
S C i
— . "
7] B .: "'.
£ 150 | F Y
o = i ]
(] a 40 [— B
100 B 3 5
50 |- o0 o |
] 2E T
S 1E . Q 50 100 150 200 250
T S M, (GeV
Q
2.8 7
L mass (GeV) 5
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FCNC i» 7ﬂop Coap/ /7755
Single t+y:

© “Search for anomalous single toP quark Procluction in association with a Photon n
PP collisions at Vs =8 TeV” [L=19.8 fb"] JHEP 04, 035 (2016)

t_’ZCl:

o) “Search for f‘la\/or~Changing Neutral Currents in ToP~Quarl< Decags t— Z.q n PP
Collisions at Vs = 8 TeV” [L=19.7 tb"] Phys. 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 fb] Preliminarg

¢ “Search for top c]uar|< decags t—=gH with H = yy in PP collisions at \s = 8 TeV”
[L=19.7 b Preliminarg

¢ “Search for the Flavor~Changing Neutral Current Deca9 t— qH where the Higgs
decags to bb Pairs at Vs = 8 TeV” [L=19.8 ﬂ)"‘] Preliminarg y
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FOCNC i» 7ﬁop Co&(p/ /‘nﬁ\f

—

h ~

¢ Large sensitivity to
New Phgsics due to
Iarge couplings with
new heavg Particles

in the Ioops

d;

FCNC process forbidden
at tree level, BR~10"2-1077.
i
Probe the SM!
L, H, gy

¢ DSM processes could enhance BRs up to10*
[arXiv : 1311.2028]:

Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t—Zu Tx10717 - - <1077 <1076 -
t—=Zc 1x1074 <1076 <1079 <1077 <107¢ <107
t—gu 4x10714 —~ - <1077 <107 —
t—ge 5x1071*  <107* <107 <1077 <107% <107%
t—u 4x1071 — - <107 <107° —
t—ye 5Hx10~14 <1077 <107? <10-% <107 <107°
t—=hu 2x10717  6x1076 - <1075 <107 —~
t—she 3x107% 2x1073 <107° <107 <107 <107
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FCNC in 7ﬁop Coap/ //735
¢ FCNC searched at Production level in Single toP events and at the

clecag level in f€ events: Similar final states.

Single Top ¢ln the Fo”owing:

t — Wb
u, c
> ¢ FCNC In tol:> Production:

X=Z,H, gV - Single top +Y

tt Events
u, c ,

t ¢ FCNCIn tol:> clecags:

+t—Zq (z -1
+t— Hg (H—= vy, WW, ZZ,
TT, bb) -

CaPri 2016, 1113 June 2016 M.Margoni Universita’ di Padova & INFN
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5/17\9/ e T —+ Y

et—bw (= pv) clecags selected in
events with one Iﬁigh PT isolated
Photon, one b~’taggecljet (e =70%)

and signiﬁcant missing PT

¢ Top decay kinematics from missing P . muon and b-iet four momenta
P Y &y )

¢ Dominant BKG from Wy +jets 57%) & W +jets (16%) estimated from
data 59 means of Neural Network (NN) using Photon &jets variables
(e.g. P, BW,Y), hadronic/e.m. Energy ina cone around y)

29
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S nﬁ/ e C + Y
¢ Signal extracted using two ditferent Boosted Decision Trees (BDT)
for tuy & tey using several distributions from W(y) Jrjets control samples

_ 19.8 ! (B TeV) - 19.8 fo (8 TeV)
S oo MS t Dala S a0 ¢ Data
a2 F @ EEE (] Other B 00 ] Other
& 800 tu ] Wiets E o ] Wejets
it 800k Y I Wry+ets W o ) Wy+jets
- — Signal(tuy) 1 pb 400 — Signal(tcy) 1 pb
B S s B Uncertainty 300 — EEE Uncertainty
anol— 200 e I
o 100
B 1_§ - B 3:555555555555 B —
% " S1 .__.;.;.r,.;.;.; rrrrrr L e i el % 0. a1j ...... : — : ——
& 03 02 01 0 01 02 03 04 05 06 £ 04 03 02 -01 0 01 02_03 04 05 06
0 BDT output for tuy 0 BDT output for tcy

e No excess found: upper limits computed @ 95% CL.:

s, BR(t— biv) <26 f

o, BR(E— biv) < 37f

b —»BR (> uy) <1310

b »BRE—>cy) <1.7107

Using theoretical
expectation from
[Acta Phgs. Polon.
B 35,2695 (2004)]

Capri 2016, 1113 June 2016
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S nﬁ/ e C + Y
¢ Signal extracted using two ditferent Boosted Decision Trees (BDT)

for tuy & tey using several distributions from W(V)Jrjcts control samples

= 19.8 fo' (B TeV) s 19.8 fo' (8 TeV)
S 1000 CMS t Data S a0 { Data
a2 [ @ S ] other 8 10 (] other
T so0f t [ Weets E el [ Wets
- EW:— UY - B Wysjets 00 :=:=:=:=:=::§= B Wysjets
- — Signal(tuy) 1 pb o0 e — Signal(tcy) 1 pb
FTv | ER—— P . :
: ik oo B Uncertainty ﬁ sed | B Uncertainty
200
- 100
i P ——— e
E 9 E . - .:EEEEEEEEEEEEEE ...... E 1_% :EEEEEEEEEEEE .-..-.-.-.-.-.-..-,-, ...............
% 5 81 . . : it s % 08 T . : — . b s i
= 03 <02 -01 o 01 02 03 04 05 0.6 = - A =03 02 01 0 01 02 03 04 05 08
0 BDT output for tuy 0 BDT output for tcy

uSgstematics from trigger, Photon and lel:)ton etficiencies (6.3%),
BKG estimation (3.3%), Photon energy scale (3.1%), signal eﬁqciencg
(PDFs, factorization & renormalization scales, m) (2.8%), Pileup (2.3%)
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¢ 29 in ¢ Decays

e o Strateggz
.{%z stt=>qz (=T bw(—=1Iv) (l=¢, p)

g t
:% < P ow X reconstructed requirng three high P
g \Y
g isolated Iel:)tons & Missing ET

b

& W transverse mass from P (lePton) , ET and azimuthal angle between the two
@ BKG dominated bg diboson WWWZ & 77

B ey [T T — @ [T ]
F CMS, Is =8 TeV — Daa ] 350FCMS, (s =8 TeV —- Data E a50FCMS, (s =8 TeV —— Daia 3
EDD'-Lim= 19.7fb7 [ JiezqB=01%) ] - L.,=19. 707 [z (B=0.1%) L, =197 fb' [ Jiezae=01w ]
— - B ] ~ [ ] —~ 300 B E
3 4o0f O i, iz @ 250 B v, iz 13 B v, iz :
@ " B 2 v) B -z 1 S EF B 1z ]
2 a0k I Bz 1 g a0 Bz 18 200 Bz :
-~ i - [ ww,. wz, zz ~ Cwwwzzz { ~ —— [ww, wz zz ]
2 f i £ 150 + 1 £ 150 -
o f T 1 @ 100 1 @ 100 E
1001 +L,. ‘: 50 e . 50 b .
MM -------- [ -ﬁ-'_" i L e o o [ el
DU &0 100 150 200 G[J 100 200 % 100 200
E; (GeV) my(ev) (GeV) me(uv) (GeV) 33
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= Z 2 in Tt Deca/s
¢ BKG suppressed recluiring > Zjets with one of them b~taggecl

uSignal selected cxPloi’cing m(W, bjet) & m(Z, non~bjet):
& DKG 9ie|cls from dibosons & ttX estimated from data

10f 1”:'EM§’ s

m
I

o 2]
T T i

NN
T T T T T

Events/ 20 (GeV)
LA

Events/ 20 (GeV)

[ ]
LI L |

1w, tiZ

LeFad

WW, WL LD e -

350

300[-

No excess Found:

BR{t— Zq) <0.05% (exp. <0.09%)for 7+8 TeV @ 95% CL_

33
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> Z? 1n T Decayé
¢ BKG suppressed recluiring > Zjets with one of them b~tagged
uSignal selected exPloi’cing m(W, bjet) & m(Z, non~bjet):

& DKG 9ie|cls from dibosons & ttX estimated from data

10LCMS, /5 =8 Ti

o 2]
'|1rrll

Events/ 20 (GeV)

Events/ 20 (GeV)

10L-CMS, /s =8 TeV —- pata .
i Lint= 19.7 fo’ |:|1_3.2q {B=0.1%) ]
sk [ -
i 1w, tiz ]

sz -

WW, WL AL

m,, (GeV)

350r

150} *

100L

ann}

1[1{]

1 50 200 250 300 350
my, (GeV)

uSgstematics:

- Signal selection acceptance: PDFs & generator parameters (15.1%) , trigger, lepton & b-
tagging efficiencies (9.3%), tt cross section (7%)
% DKG evaluation: b~tagging emcﬁciencg & m, rec]uirements (25%)

34
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> %/? in T DeCLdyé

u,c

ett— qH bW selected where

g t .
%mm< o +H— vy, WW, ZZ 11, bb
g t' f W+. v,J" ..W—bqq)lV(l:e)“)

@ Cvent Selection:

= yy:two high P Photons and one b~taggccljet in events with = 4

jets W— qc]) or one isolated Iepton W — )

s H—>WW ZZ TT: trilel:)ton (WW, ZZ 1T — . w— V) or same-sign
clilep’con events (W5, Z" 7" > [ W, Z". 7 — hadrons; W — ['V)

+ H — bb: one energetic lepton (W— V) and = ‘U’ets (=3 b-taggecb

35
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— Y/? in T Decayé
e vy
e Dominant BKG from resonant H — yy clecags (estimated on MC) &

non-resonant diphoton events (estimated on data)

19.7 fb" (BTeV)

1 B-T m-.l tBTEV} L LU I ) LI LI LEL L LI LI LI LI}
} 1 2 _l L] I TrTTy I rTrTT I LI L I LI L I T I T T I LN I I_ % ? : CMIS I I I I I I
3 F— (] = leptonic channel
{5 - Fre||m|nary hadronic channel 6 Prellrnlnary .
-t B + Data T o0 ~ ot gﬂtﬂ T
— 10 N Signal + total background fit —] — C T.L?:IEL;::::I“ﬁzhgrmnd fit
ﬂ arein saimm ;uut:-lr:::'r:g:ﬁuﬂ backgrournd ..g 5 :_ --------- Mon-resonant M., background —:
= B ) n
@ 8 | - QD [~ .
o W (—qq) 1 @ 4f W (—lv) 3
G — - .
N ] 3f =
4 . > =
21 - 1 E
%. . - St I — - I L — I — . . - - I 1 1 L = q I I Ll il ] I -l ! i I L bl I b Bl el b
O 110 120 130 140 150 160 170 18( foo 110 120 130 140 150 160 170 180
M,, [GeV] M, [GeV]

@ No excess observed:

BR(t = Hc)<0.47%, BR(t— Hu)<0.57% @ 95% CL

36

CaPri 2016, 1113 June 2016 M.Margoni Universita’ di Padova & INFN




— Y/? in T Decayé
e vy
e Dominant BKG from resonant H — yy clecags (estimated on MC) &

non-resonant diphoton events (estimated on clata)

19.7 fb™' (BTeV) 19.7 b (BTeV)
IIIIIIIIIIIIIIIIIIIllIIIIlIIlIlI IllI"'l""l""l'."l""l"":

LI LI I B
CMS

7
} 1 2 [™ LI o } :

L L CMS 3 ~ leptonic channel .
(D] - Preliminary hadronic channel 6F Preliminary , —
-t B —+— Data N — - Signal + total background fit
gl 10 N Signal + total background fit 7] — = Tﬂ?ﬂl backgrownd -
ﬂ o ;':.t:.'rz';ﬁf,ﬂ:ﬁ"ﬂ: background _,,g 5 :— --------- Mon-resonant M., background —:
: - v | -
O 8 N ] @D - ]
o W (—qq) o 4f W (—lv) 3
6 B - .
B 3 =
< - —_ 2 - A
=2 :_ ] 1 -
%- 1 B 4 | | P " 1 L L 1 1 1 L 4 q i i i & | i i & i3 I T l i L l L4 g P .

0O 110 120 130 140 150 160 170 18( oo 110 120 130 140 150 160 170 180
M, [GeV] M, [GeV]

o Sgs’tematlcs:

& Signal 91’6!(:1: PDFs (5.5%), b~tagging efﬁciencg andje’t energy resolution (4%)

+ BKG estimation: Higgs Production cross section (12.3%)
37
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> Y/? in T Dec:ay5

eH >WW 727 11

¢ BKG from W, Z Ieptonic clecags & non~PromPt Ieptons from B clecags

or misidentified hadrons

Trlleptons

197107 (8 Tew]
~ e -
& 2°F cms B A 1 &
= 18 Frelminany B Hon-prompt - L
E 16 Bl vz 3 1 =
= P Aare E =
L% 14 t—» Ho (BR=3%) § I

12 - Data =

BG uncertainty

=1
4
2
OD 20 40 a0 a0 100 '12_{] 140

Same~sign dileptons

—_— I-m:?llnl" 2 ;re-l'-.-',u
B Charge MisID -
B ron-prompt
Bl vwz—3h
P Rare
— t—» Hc (BR = 3%%)
= Data -
BG uncertainty ]

80 100 120 140
ET" [GeV]

& NO excess observed:

BR(t = Hc)<0.9%% @ 95% CL
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> %/? in T Dec:ay5

eH >WW 727 11

¢ BKG from W, Z Ieptonic clecags & non~PromPt Ieptons from B clecags

or misidentified hadrons

Trlleptons Same- 51gn di leptons
19.7 167 {8 Tewd 127 I8 (8 Tev)
- T AR e s e e Ee - = e r AL AL
{_“5: 16~ CMS B ~c — 5 400 GME - Ehﬂrge MisID
= R B ron-prompt by 2 T e B ron-prompt
= L9 Bl vz 3 o == 350 3 Bl Wz 3
'E 12F I ARare L] E 300F Y Rare
b - —t— He (BR =3%) 1 5 2 — t—3 Hc (BR = 39:)
10 - Data - 250F - Data
BE__ BG uncertainty = 200 f_ BG uncertainty
s H,=Y, E,4 150 H,=), E,
I Jets 5 - Jets
af- 3 100f
of . sof
DD 100 200 300 400 500 e00 GD 100 200 300 400 S00 600
H, [GeV] H, [GeV]
@ Sgs’tematlcs:

+ Signal gield: trigger and IePton eticiencies (2.8%), luminosit9 (2.5%)
+ BKG estimation: cross sections (12%), Lepton misidentification (40% e, 30% )

39
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> %/? in T Decayé
e bb
¢ BKG dominated ]33 tt — bbww
uSignal extraction from a fit on the outPu’t of a NN using m. & thejets

b~tagging discriminants checked on BKG control samples

CMS Preliminary Vs=8TeV; [L=19.81b" CMS Preliminary Vs=8TeV; [L=19.81b"
R L D B ERRRRER R LR R LR R LN L LN LS

£ 700 . Data 1 £ [ ~=- Data
2 600 — Total 4 <1000 — Total .
L — - tt+jets . L - — - tt+jets ]
500 Enxt—n:H_: 800 20 Xt — uH
--- Other bkg. A i ---Other bkg. 7

t — cH sig. = t — uH sig.
] EG’U_—

Il Sk SR MR URT T TN (el ot =i ol o e £ T ie ] - . P T i u
0.4 05 0. 07 08 09 1 0 010203040506070809 1
Neural network response Neural network response

8.3

@ No excess observed:

BR(t = Ho)<1.16%, BR{E — Hu)<1.92% @ 95% CL
40
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> %/? in T Decay5
e bb
¢ BKG dominated bg tt — bbww
uSignal extraction from a fit on the outl:)u’t of a NN using m. & thejets

b~tagging discriminants checked on BKG control samples

CMS Preliminary Vs=8TeV; [L=19.81b" CMS Preliminary Vs=8TeV; [L=19.81b"
L IS L L L = RARRN RARAS RARAS AR RAARE RAREN MARAS RS LRARE LR

£ 700 . Data 1 £ [ ~=- Data
2 600 — Total 4 <1000 — Total .
L — - tt+jets ] L - — - tt+jets ]
--- Other bkg. A i -- Other bkg. 7
t — cH sig. = t — uH sig. -

4{)0 Eoﬂ_

J‘_I_I'TT--I_-_ t I

I III-:_II-_I;-ILI_I'I'I'T i T 1 ie ] | . a = __
8.3 04 05 06 07 08 09 1 0 010203040506070809 1
Neural network response Neural network response

uSgstematics on Signal Yield (BKG estimation):

~ bjet tagging: 24-% (1%) ,Jet energy scale and resolution: 17% (11%), cross sections,
generator parameters and PDFs: 12% (7%) 41
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FC/\/ C 1»h 7ﬂop Co&(p/ /)735 . SA(MMQI‘}/

CMS Preliminary, 8 TeV

March 2016

Phys.Rev Lett 112 (2014) 171802

i, Br{t— Z q) o

JHEPO4{2016)035
single top, Br{t— ¥ u) :-

CMS PAS TOP-13-017
it, Br(t— H c), H— WW.,ZZ 1t

CMS PAS TOP-14-020

tf, Br(t— Hu), H — bb
tf, Brit— Hc), H— bb

CMS PAS TOP-14-019

tf, Brit— Hu), H = vy
i, Brit—» Hce), H— vy

- 85% CL Observed Limit [+ Exp.Limit
— 95% CL Expected Limit [_]+20 Exp.Limit

single top, Br{t— ¥ c) e

a 2

10° 10 10 107"

1

Top decay Br (%)

Capri 2016, 11-13 June 2016

— 1 I T T L L II L lll T T IE
PE,IF E ZEUS (g=u) !m =172 GeV I 95% C'L E
T 13 176 GoV excluded region |
=107 =
m - CDF m=175 GeV =
L DO m=175 GeV _
3 | | E
10—3 E—ATLAS | m=172.5 GeV | =
- CMS m=172.5 GeV | =
4 —
107E CMS | E
= m=172.5 GeV H1 (g=u) =
B (q=u) (g=c) m=175 GeV, _
10—5 I IIIIII 1 1 IIIIII| II IIIIII L I

10° 10 10° 102 101

B(t —» qT)

¢ BR limits still above sSM Precliction)
but aPProaching BSM models
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C P \//o/ alron 1n ¢ Even?s

¢ “Search for CP violation in toP quark Pair Procluction with
the Iepton +jets final state at Vs = 8 TeV” [L=19.7{b]

Preliminarg

First Measurement

43
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CP \//o/ dlion in T Evends

o CP Violation in toP quarks Procluction & clecags Predicted to be very
small in the SM: Sizable effects could be hints of NP

¢ four triP|e~Procluct observables Oi ,

odd under CP transgormation)
dcﬁncci in terms oF ﬁna] state objects
momenta ancl charges

+ CPV measurecl From Asgmmetries:

o Nevents (Ol > 0) — Nevents (Ol < 0)

Acp (0;) =
cr (O1) Nevents (Oi > 0) + Nevents (O; < 0)

Results in agreement with SM
uSgstematics dominated bg theorg

First Measurement

Capri 2016, 11-13 June 2016

- 19.7 fo ' (BTeV)
o 20ECMS 2 Bm l+jets channel
~ 1gF Preliminary —+ Data
% EmsSMt
= 16 [ SM non-
X 14 1o, Stat.+Syst.
en 12
E 10
= B
W g
4
2
0
=1 -0.5 0 0.5 1
02
3 CMS Preliminary 19.7 fo' (8 TeV)
_E‘_Q‘ —4- tt events + 1o (stat.+syst.)
% oL -4~ Before background subtraction
< ~— Estimated background
1
| —
O F_.___._...___},...__.___.._.| T ST St b
B
_of LePton +jets final state
-3 : '

o™ 0; 0,

2
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Conc/usions

45
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Conc/usions

a Flavor Phgsics in the B and ToP sector is an ideal means of investigating

Standard Model and Possible New Phenomena

aln ’ciwe iast 1C<:W years severai new measurements IDOtI’] on B mesons

Prociuction and Prol:)erties have been released bg CMS

@ Veiy Precise measurements in the Top Prociuction and ciecags from LHC

have signiﬁcantlg imProvecl exclusion limits on FCNC coupiings

a L LHCRun2 anaigses are ongoing: very imPortant results will be available

in the next years

46
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Zac/&(p
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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)
2k E = (28 /J 2 S " Y(28)/Y(1S
= [° 0.05E. CMS = *Fo o0.of. CMS b
x| % VT E  Preliminary Iyl <1.2 x| = T F Preliminary * Y(35)/Y(15)
| 0.08 g% o8 Il <1.2
0.07F 0.7F
0.06[ } 0.6F
TN IR } * '.' 0-5E vestihiigg
= 'li" ¥ = + L
0.04f 0.4f e .
0.03F o34 ¢+ ¢+
0.02F 0.2F
0.01F 0.1F
20 30 40 50 60 70 80 90 10° 20 30 40 50 60 70 80 90 10°
P, [GeV] p; [GeV]
¢ Non-prompt fraction P clepenclence In agreement with 7 TeV results
. 2.4 fo' (13 TeV) ; 2.7 fb' (13 TeV)
s = & Jiy, Iyl < 0.3, 13 TeV S = & w(2S), lyl <0.3, 13 TeV
= - CMS ’ ’ = - CMS ) '
:EE 0.9 ;_ Ptz & Jhy, Iyl <0.9, 7 TeV :csg 0.9 ;_ Profminary & Ww(2S), Iyl < 1.2, 7 TeV
Bosf Bosf
e = e =
co7E i So07FE by {
= - P i = - id 1
Z 06 = té“‘t { {‘ = 0.6 “i
osFE osE
- - S $
0.4 g 0.4
| - =
03 4 0.3
02:.| N R S ST B 02: N R T SR EE N S
B 20 40 B0 [z]0] 100 120 : 20 40 60 80 100
pYY [GeV] p¥2S) [GeV]
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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
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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

70
aMeasurements of related b — Cl}J ;—“ of LLHCb 3
(D) — -
= N
channels very useful to reveal = 50 ceBToT
L - R | 7 T e B "—»K'ntu ]
information on Minimal I SN 1 o
inrormation on Minimal Flavor Y2 U 2 A BO s 3
iolati f hysi 2 20f Biofolt' 3
Violation nature or New Physics S 20F -~~~ Combinatorial 3
S 10p- + 44t 4
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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From B Zo 7”op ", meaSurenrernt

i ( 1 (My/p+e — Hg)?
v f:l’ctmg function: Psigsbg(Mj/p12) =t /e P (_ 202
(= ) B (Mg — i) e (- L)

'~ FParameters ClCPCﬂClCﬂCC on mt:

CMS Pref:mmaa}f &mufaﬂon 19.7 b (B TeV) CMS Prefrmrnary Sﬂmu&aa‘mn 19.7 b’ (B TeV)
S\- 52 [~ | | | T L T | T T T | T T T I T T l 5- 26 I | | T T T | T T T | T ) T | T T
3 B efpfee!upfeu + .Jets channel _ Cu!.% B efpjee!pufeu + Jets channel N
= 80 |- Mean of the Gaussian = = R Width of the Gaussian i
i w=-5+ D.dE-Mt i 24 |— a=-6+ ﬂ.‘lS-Mt -
78 |- . Alternative fit method ] 5 - Alternative fit method i
B et 22— o
?ﬁ [ - “:*;. .-.--e - i i__;- 'TT
B _f_w@%*‘“ ' i i Y. ST, ) ]
74 g : - 200~ IS, -
- & _ o
?2 __ -L:c-i‘u il __ - -
B ] 18 |— —]
S | B |
70 - | N
R i 16 |- —
Eﬂ |— = = -
E’ﬁ _I 1 1 1 | 1 1 1 | 1 L 1 | 1 I’ 1 | 1 1 1 | 1 1 1 I 1 1 T 14 _I I 1 1 1 I 1 1 1 | 1 1 L | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 T
166 168 170 172 174 176 178 186 168 170 172 174 176 178
M, (GeV) M, (GeV)
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From B Zo 7”op ", meaSurenrernt

P Sgstematics:

Source Value (GeV)
Experimental uncertainties
Monte Carlo statistics +0.22
Muon momentum scale +0.09
Electron momentum scale +0.11
Modeling of the J /1 candidate mass distribution 4-0.09
Jet energy scale < 0.01
Jet energy resolution < 0.01
Trigger efficiencies $0.02
Background normalization $0.01
Pileup +0.08
Theoretical uncertainties
ME generator —0.37
Renormalization scale {+9.12
ME-PS matching threshold oas
top quark transverse momentum +0.64
b fragmentation +0.30
Underlying event +0.13
Color reconnection modeling +0.12
Parton density functions fg:i’?
Total S
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From B Zo 7”02 “ measSureents

¢ m measurements usmg Jets lxmltecl bﬂ hadromzatlon moclelmg

» Use cleaner observables sensitive to m.: m sy, ) int— blv clecags:

b Wi
£ t e
0' b
* -
j/f——/ W SV
i
- CMS 19.7 1" (8 TeV) 2,
B 600F wu channel, 3 tracks .:,10- CMS [PRD 9% 092006] 19.6 b (8 TeV)
ey < 178f . 1 1178
. [1)] 1t
m 900 JCH.m(S\/ D S 177} ~]7557 OZ. Ge 1 77
S e "] O 1
@ 400 § £ 176} iF I 4176
= % 185 170 175 180 s
o ¢ m, [GeV] 175} , : 175
Lﬁ 300 * 'P* . 1:Ei:uz'da 174} i {174
200F # B Single t 173} E 1 {F 1173
f " Background 172t | ] -
7 . s 1F i
06 i Combination vl ee L e+jets LL+jets 3 trk. 4 trk. 5trk. 170
20 40 60 80 100120140160 180200 '
m,, [GeV] 33
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Fronr B Zo 7ﬂop ! £} ragmenz‘az‘/on Zan/ng

¢ Test of Fragmentation using charmed mesons insidejets in tt events:

3 F 3 350F B 450
s CMS 19.7 fo'' (8 TeV) = [CMS 19.7 fb7 (8 TeV) = CMS 19.7 fo' (8 TeV)
@ 1201 1\ _ 3,086 + 0.002 GeV 300k m = 1.865 + 0.001 GeV & 400 Am = 145.50 + 0.03 MeV
a [ o =0.036 + 0.002 GeV a [ 5=0.021+0.001 GeV e Data > 350 o = 0.62 + 0.08 MeV
§ 1000 N, =732 & 51 g Sen [ Nyigo = 1538 + 141 Background @ Nyigna = 2285 + 105
-E [ Ny, =756 % 51 + 12 - N, = 12633+ 176 + — Total 8 300 N, = 10525 + 139
801 - 2
S [ e Data S < 250 e Data
60__ Background © 200 Background
L — Total — Total
a0 150
100
201 50
“- i pre’ i SG IIII]III|IIIIIII.IIIII]]|IIII 0lIII|IIIIllIIIIIllI|IIIIIIIIII
25 26 2.7 23 29 3 3132 33 34 17 175 18 18 19 195 0.14 0.145 0.15 0.155 0.16 0.165 0.17
m(u ) [GeVi m(K 7*) [GeV] m(K ) - m(K ) [GeV]
L 064 zzlEPr,  Z2° Peterson  Lund Herwigﬁ| %B'ES: Z2'LEPr, Z2* Peterson Lund Herwig6 g,ogﬂg Z2*LEPr,  Z2° Peterson Lund Herwig 6
@ 0,62} @ © 0.
b 5 0.5 = o
S 06~ @ I 4 @ YT = - 5  0.58
= > 0.48 v O > L v A
& 0.581 - | L 4B < 0.56 -
© ,,-CMS tt>J/Puu)X | & | CMS ft>uD’(Kz' )X | & 4, CMS  tt - D" (D%Kz")z*) X
E- 19.7 o' (8 TeV) o Data *E 0.4 19.7 fo" (8 TeV) © Data 3 19.7 o™ (8 TeV) o Data
© 0a3- % Z2'LEP r, © _%,_ Z2'LEP 1, © 03- : Z2'LEP 1,
= : = 03F = ——
0.2 5 E == 0.2f ——
0.2 -
0.1~ - —5— 5 0.1+
0.1 : e
0'__0_' | 1 1 | | | 0 5 | | | Il—f')—| I 0_0_'_0— | | | | |
0 02 04 06 08 _1 12 0 02 04 06 0 02 04 06 08 _1 12
P/l Pr] b |2, P \ P/l Prl
T Z ch T 2 T Z ch T 56
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5/173/ e T —+ Y

¢ Process sensitive to the anomalous tqy
coupling

¢ Detter sensitivity to tuy than tcy due
to |arger up quark parton clensitg in

the Proton

uAsgmmetrg between tuy and %uy due to ditferent quark & antiquar‘(
parton distribution functions.
¢ No asymmetry for tcy

+ Possible to clisentangle between tuy & tcy
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> ? rn T Decays

“ S!gnature one isolated muon,
missing E,21 bjet and = 1nonb- ¢
je’c

o QCD BKG estimated on data
using a BDT fit

¢ Signal extracted using a NN

BR(t — gc) <0 34%
BR(t = gu)<0.0%6%

@ 95% CL

[CMS Preliminarg,
L=5fb" 7 TeV]

Capri 2016, 1113 June 2016

CMS preliminary, Vs=7 TeV, L =5, fb"

2 « Data
g : — K,/ A =0.04
30[]] T e e T P T e T U O e e C RS TP PR VL LR R S g;}] 006
5' : : i : 5 -t c
2500 B g i | P o chan
: [1tW-chan
2000 (-~ it
/ [ W+light
1500 — 4 B Wc
B WQQ
1000 |—- [ W(other)
Il Diboson
20 Il Drell-Yan
£1QCD
04
é 00
al o2
04

tcg FCNC BNN
CMS preliminary, Vs=7 TeV, L =5.01fb"

tug FCNC BNN




FCM C 1»h 7ﬂop Co&(p/ /)735 . SL(MMd/‘y

x 1F : :

010 '

10°E C

105 MALMLLLpTEEReeeT

10‘7.:.-..+.|l.lll+llll : — . . |lll-illll
— — AR EERREEMERE]

10—9__ ' llll;llll
——— I : ;
I : : I

10-”__ i i i | |
t—-gu t—-gc t—yu t—=yc t—-Hu t—=Hec t—=2Zq

¢ Still above sM Predid:ion, but al:)Proaclﬁing BSM

moclels
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M ATLAS
W CMS

— S\

Warped
Extra Dimensions

s 2HDM (FV)

mem 2HDM (FC)
MSSM
(1 TeV Squarks)

R Parity
violating MSSM

Andreas Meyer
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CP %o/ alron 1n ¢ Even?s

_ Nuwenss (03> 0) ~ Newenss (0 < 0) 02 =€ (P, Py + P, P2 Pj1) = (Po+ Ps) - (Pe X )
Nevents (01 > O) ~+ Nevents (Ot < 0) B CM
O; = Q€ (Ph: Py Pir le) — & Qg - (ﬁf X ﬁjl)
Os = Qs (P, ps — P P, Pj1) —> & Qi (B — B5) - (e x Bin)
lab
O7=q-(po—ps)€(P,q,Po,Ps) — % (Bo — Ps), (P X Ps), -

Acp (O;)

Observable Og 03 D4 O?
Experimental uncertainties
Pileup reweight <001 <001 <001 <001
Jet energy corrections | < 0.01 +0.01 +£0.01 <0.01
Lepton ID and isolation | < 0.01 <0.01 <0.01 <001
b-tagging scale factor | <0.01 <001 <001 <001

Theory uncertainties
Top p1 <0.01 =+001 +£001 <001
ME-PS <001 <001 <001 <001
HR/HE +0.01 +0.02 +0.02 =001
Top mass <0.01 =001 +£001 <001
Signal modelling <0.01 =+001 +0.01 <001
PDF <001l <001 <001 <001
Total +0.01 +£0.03 =+0.03 =+0.01
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