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Latest ATLAS and CMS results

* Rare and semi-rare B°;, decays
— ATLAS and CMS
— BY,—u*w and BO—K'u*w

* Simmetry violation

— New measurements from ATLAS:
* Parity violation in A,—=A°]JAp decay
* CPviolating parameters in B, = ] /y ¢ (tagged)

* (Quarkonia

— Y(nS) cross section
* ATLAS and CMS

— Y and y polarization
 CMS

— Search for exotic quarkonium states (in the Appendix)
 CMS

— Associated W* + prompt ] /vy production (in the Appendix)
 ATLAS



Rare decays: B, —u*u and BO—K 'utu

Motivation

— Flavor changing neutral current
* Forbidden at tree level

— Sensitive to new physics
— Precise SM predictions

B(BY - putp™) = (3.5740.30) x 10"

BB' = utp™) = (1.074+0.10) x 1071
— Exclusive processes dis s W
— Experimentally accessible -
Measurements:
_ B"(sﬁww

* Branching ratio

— B%—K'utu (B.R. = (1.06 £ 0.1) x 1079)
* Forward-backward asymmetry of muons
* Longitudinal polarization of K*(892)




Bo(s)%WM'

Data set

— 2011 data, 4.9 fbl @ 7 TeV (ATLAS)

 Upper limit to B, —u*w

— 2011 and 2012 data (CMS, 2011 data re-blinded)
e 5fbl@7TeV+20fb!l@8TeV

— Average pileup = 9 and = 21

* Measurement of B’ —u*u and limit to B®—u*u-

Methodology

— Measurement relative to normalization channel

* B*—=]/pKF—uruK*

* (Nearly) identical data selection
* Reduce systematic uncertainties
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BY—u*u results

Analysis via BDT
ATLAS

— 6 events after un-blinding
B(B] = p'p”) <1.5x10%(95% C.L.
CMS
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BO—s K*OM+M-

e Full 2011 data set

— Both experiments

* Process described by 4 kinematic variables
~
— 3 angles (¢, 0, 6,)

* Aggand F| studied in bins of g2 (M, )
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BO—s K*OM+M-

Differential decay rate L
1 dr 3
Fapdeoss, ~4 K@ (1-co”6r)+
% (1-Fr(g») (1 +cos?8.) + Arp(g®) cos 6,
1 dr 3 3
I: m = EFL(qZ) COS2 Ok + Z (1 = FL(q2)) (1 - 0082 01{) .
p.d.f.(m,cos Bk, cos6;) = Ys S(m) - S(cos O, cos 6;) - €(cos bk, cos 6;)
+ Yg B¢(m) - B°(cosBx) - B¢(cos 6;)
+ Y% BP(m) - B?(cos 6k) - B (cos ;).
-

Uncertainties
— Statistically dominated
— Larger uncertainties in ATLAS at low g*
* Due to HLT cuts

Measurements consistent with SM
— Analysis ongoing on 2012 data set
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A, properties

a, +12 0

« Usedecay A, —=J/Y(uw)A%(pm) to measure: a Y0
~ A, mass and lifetime " 45,087 2010 07149 S

— Parity violating asymmetry parameter o, (ATLAS) b. o+l

— CMS measured Phys. Lett. B714 (2012)
* Differential A, production cross section and o(A,) / o(A,) (1.9 fb-1)

« 2011 data set (7 TeV, 4.6 fb'1) used Ahelicity frame
* Decay described by 4 helicity amplitudes ~ 1/
— la,?+[a|*+|b,J* + b |* =1
— oy =|a,]? - |a|*+ [b,]* - [b|?

* Full angular PDF

Beam

3 f1(A) o (Pay)F @) e

J/g helicity frame

W(Q A P) =

()3
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oy measurement

Fit result

0, =0.2810.16X0.06

la, | =0.173:13 (stat.) £ 0.06 (syst.)
||a_| = 0. 59+8 8‘75 (stat.) = 0.04(svst.)
b, | = 0.7833:02 (stat.) £ 0.02 (svst),
Ib_|=0.0810:-33 (stat.) £ 0.05 (svst.)

Main results:
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— A% and ]/ highly polarized in the direction of their momenta
— Large |a_| and |b,|— negative-helicity states for A° preferred
— ay, value consistent with LHCb: 0.05 + 0.17 (stat.) £ 0.07 (syst.)

— Intermediate between pQCD and HQET predictions:

e ~250w.r.t. pQCD -(0.14 ~ 0.18) cChou etal, Phys. Rev. D65 (2002)

e ~2.9cow.r.t. HQET (0.78)

Leitner et al., Nucl. Phys. A755 (2005)

Ajaltouni et al., Phys. Lett. B614 (2005)

Phys. Lett. B724 (2013)



B, = /Y ¢

New ATLAS measurement Updates JHEP 1212 (2012)
— Full 2011 data set
CP violation parameter

— q)s
« Phase difference between B_-B, mixing amplitude and b—ccs decay amplitude
* Directly connected to CKM matrix elements

- q)s ~-2 Bs ) Bs =arg [_(Vtsvtb*)/(vcsvcb*)]
— ¢, ~-2B,=-0.0368+0.0018 (SM)

— AT

S

* (I',-T'y) of B, and By,
Flavor tagging used to distinguish initial B, and B, states
CP states separated statistically through

— Decay time-dependence L., Mg,
Pty

Angular correlations amongst final state particles



B, =~/ ¢

¢s =0.124+0.25 (stat.) £0.11 (syst.) rad

* ~22000 candidate B; selected AT, = 0.053+0.021 (stat.) =0.009 (syst.) ps~"
* Uncertainty improved by 40% 'y = 0.677+£0.007 (stat.) +-0.003 (syst.) ps '
— with respect to untagged analysis |A40(0)|*> = 0.529 4 0.006(stat.) £0.011 (syst.)

A4 (0)]* = 0.220 4 0.008(stat.) ==0.009 (syst.)

* Uncertainty statistically dominated
01 =3.8940.46 (stat.) £ 0.13 (syst.) rad

— 2012 data analysis ongoing
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Quarkonia

e Motivations

— Production mechanism not well understood

* Inconsistencies between data and predictions on production and
polarization

* Input by production and polarization measurements, double
quarkonia associated production

* Theory and measurements made complex by feed-down
— Indirect measurement : ratios as function of kinematic variables

 Recent measurements
— ATLAS measurements
* do/dp for Y(nS) up to 70 GeV (1.8 fb-! @ 7 TeV) Phys. Rev. D87,052004 (2013)
» Associated W* and | /vy production (2011 data set)
— CMS measurements (full 2011 data set)
* do/dp for Y(nS) up to 100 GeV

* Prompt quarkonium polarization
» Search for new exotic bottomonium states



Y (nS) production

 Differential cross section for a given |y| interval

do(pp — Y(nS) N‘{‘Z(ZS) (pr)

x B(Y(nS) = ptpu~) =
Lis - Apr - .
dpr int pr - £(pr) - A(pr) \ Depends on spin alignment,
i.e. angular distribution of muons.

. Averaged in the measurement
 Yield 8

— Obtained by re-fit of the M, plotin a given (|y|, p;) bin
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Y (nS) production

e Similar behavior for all three states
— Change of slope for p; > 20 GeV
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Y (nS)

Common features
— Almost flat on |y|
— Change of slope

* pp>20-24 GeV

* Change in production
mechanism?

production ratios

o x Br(r—p*y) Ratio

o x Br(r—u'w) Ratio
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Quarkonium polarization (CMS)

* S-wave quarkonia @ high p;
— Predicted transversely polarized

e Studied through the angular distribution of u from decay
— In 3 polarization frames

- 3/(4
W (cos ¥, p|A) = ﬁ(l + Ay cosZ 9 + Ao sin? ¥ cos 2 + A9y Sin 219 cos ¢ )

A= (Mg + 3As)/ (1 —Ay) Frame invariant, characterizes the shape of the distribution

* Measurement as a function of p; and |y|
— Y(nS): 10 GeV < p; <50 GeV (5 bins), |y| <1.2 (2 bins)  PLR110,081802 (2013)
— J/¢: 14 GeV < pp <70 GeV (10 bins), |y| < 1.2 (2 bins)
— Y(2S): 14 GeV < p; < 50 GeV (4 bins), |y| < 1.5 (3 bins)



P(nS) comparison to NRQCD
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Summary

* New interesting results from ATLAS and CMS on
— Rare B decays

* B, — u'u measurement
— ATLAS analyzed 2011 data — new upper limit
— CMS used the full 2011 and 2012 data set — measurement

« New results on B®—=K"'u*u from ATLAS (2011 data set)

* Results are consistent with SM
— Parity violation in A, decay

* Results are intermediate between model predictions (ATLAS)
— CP parity violation parameters in B, —= J/y ¢

* Results in agreement with the standard model

— Quarkonia
 Differential cross section for Y(nS) production

* Prompt quarkonium polarization
— (2s) exhibits no sign of strong polarization (CMS)

» Associated W* and ] /vy production

— First ATLAS measurement, shows discrepancies with predictions

» Search for new exotic X, bottomonium state
— No evidence for a new X, state up to now (CMS, 2012 data set)

* Further measurements expected with 2012 full data set
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W* + prompt J/1p measurement

Search for associated production of

— W (—uv) and prompt ]/ (uw)
Probes quarkonium production mechanism

Sensitive to multiple parton interactions
ATLAS, 4.6 fb'! @ 7 TeV (first observation)

Event selection

— Events triggered on W muon

— W identified via u + missing transverse energy

— Prompt ] /4y via mass and pseudo-proper time
~29 W* + prompt | /4y events observed

— Background-only hypothesis rejected at 5.3 o level
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W* + prompt J/1p measurement

Double parton scattering contribution

— Probability parametrized as P}, = {(5}] 1/ Oef u

— Total yield estimated 10.8 £ 4.2 events (~40%)
— DPS contribution expected flat in A¢p between W and J /vy

* Under the assumption of independent interactions
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Exotic quarkonium states

The discovery of the first exotic charmonium state X(3872) in
2003 has renewed the interests in the hadron spectroscopy

Several new states found, however:
— Unconventional states are mostly seen in charmonium system
— Few candidates in bottom/strange sector

— Theoretical picture unclear
* What is the nature of these states?

— More experimental inputs needed
* Property measurements
» Extended searches

Large statistics provided by LHC
— >12000 X(3872) candidates seen by CMS



Search for X,

* Search for X, based on full CMS 2012 data

— 20.7fb1 @ 8 TeV

— Look for narrow resonance in Y(1S)n*n~ final state
* Presumably between 10 to 11 GeV
* Around B*B threshold

— Candidates from Belle
* Y, (1086) = Yrtm~
. 7, (10610),Z, (10650) — Y

OGC D E
X(3872) or (2S) - X; or Y(25)

u 6 Tt E ulb (L
T T
4-track - 4-track -
vertex vertex H_H T( 18)

u‘p J/y



Search for X,

* Y(2s) — Y(1s)nm as reference channel

* No evidence for a X, state
— B.R. upper limit set as a function of mass
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Bo(s)%WM'

Data set

— 2011 data, 4.9 fbl @ 7 TeV (ATLAS)

 Upper limit to B, —u*w

— 2011 and 2012 data (CMS, 2011 data re-blinded)
e 5fbl@7TeV+20fb!l@8TeV

— Average pileup = 9 and = 21

* Measurement of B’ —u*u and limit to B®—u*u-

Methodology

— Measurement relative to normalization channel

* B*—=]/pKF—uruK*

* (Nearly) identical data selection
* Reduce systematic uncertainties
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Bo(s)%u-}u-

* Data selection
— Trigger
* 2 muons used for level 1 trigger
* HLT slightly different

— Two muons from common vertex with opposite charge
— Loose cut on invariant mass for B and ] /y

— Data analysis
 Blind analysis after simple pre-selection

* Control sample used to validate MC simulation
— B%—=J/% ¢ = wuwKK
* Use of Multi-Variate Analysis (BDT) to
— Refine muon identification (CMS)
» Muon misidentification probability ~10-3 for p, wand K
— Distinguish signal from combinatorial background

» Trained on MC simulated signal and sidebands events for the
background



Analysis via BDT

BY—u*u results

— Independent from pileup

ATLAS

— 6 events after un-blinding

— 6.75 estimated background
<1.5x10%(95% C.L.)

B(B = p u7)
CMS

— From the BDT categorized approach 0" CMS
(3.019) x 10‘9

B(B] — ptp)

B(B” — p ")
— Significance

« Bb—=u'u:430
« BO—=utu:200

(3.572%) x 10

— Upper limit on B — pu*u

B(B® — ptp)

<

1.1 x 107°

— Comparable to LHCb results

ArXiv:1307.5024v1

_r 1 . L L LA
O F —4— Observed CLs
- ==== Fxpected Cls - Median
10—15— [ Expected CLs < 16 —=
- [ | Epectedcis s20 —
10°F E
10 LATLAS Prelimina _
. E \s=7Tev E
Ldt=49"
% I T R R S SR I
0% 1 2 3 4 5

{5=7 TeV, L=5fb"" {5=8 TeV, L=20 o'

i F o Zuheaso .
t 1_8_ ol 4ol
%3 L | em@l—ww)=.0] 10”1 BrE’ =357 Jx10™
& 16 = 3
C o« 30
14 F 3
E “ 24 :‘ 2.0c o
12 SM
= + 1o
C i 101
1' T02. 04 06 08 1
L BF(E"—~'w)
08f /
06f
04
02F ¢
95%CL ™ . /
bt N b b b b bt b b Ix10°
0 7 8 9 10
BF(B)—u'w)

BR(B! — nu) [10°]

CMS-L=5fb"{s=7TeV,L=20b" {s=8TeV

—4— data

= full PDF
Bgﬁ.u*u’

B B =

===« combinatorial bkg
----- semileptonic bkg
----- peaking bkg

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

ST,
3 54 55 56 57 58 59
. (GeV)

I
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Bo(s)%u-}u-

Background sources
— Combinatorial
— Semi-leptonic B decays
— Peaking background

BDT method

— Optimized cut on discriminant for upper limits
— Categorized analysis for measurement
— Pileup independence checked

— T
Sideband data .

Entries / 0.011

IIII‘IIIIlI\II‘\IIIlI\II

ATLAS Preliminary 1

{s=7TeV
* j Ldt=4.9fb"

IIII‘llllll\ll‘llllllllllll

04 02 0 0.0 0.4

04

rms(b)

[ »Pidof = 34.9/ 15 (pol0)

Likelihood fit to extract the yields _ . sus__ L=z20m
. L T [
Main uncertainties from: g
0.2
- RAs i 1
_ s oo o e00000000000
fs/fu ok
— BR of reference channel [
- u misidentification 0 2-_ p0 = 0.0728 = 0.0005
| ¥tdot =7.7/ 15 (pol0)
— PDF shapes | p0=0.0703=0.0013
| p] = 0.0002 = 0.0001
0, 4L 2i0et = 34,14 (ppl1),

0 5 10 15 20 25 30

0 5 10 15 20 25 30

BDT output

CMS L=20fb"({s=8
L (n_:l-w) l ! !

| p0=0.0630 = 0.0003

L p0 =0.0592 = 0.0009
| p1=0.0003 = 0.0001

A e AR s L T TP

N,
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Events / 25 MeV

Events / 60 MeV

BY,—u*u (ATLAS)

: l L T l T L l T T I T ‘ L I T T I :
4500E- ATLAS Preliminary —4— Data E
4000:_ Vs=7TeV ! e Signal + baackground it 3

£ - wumin B Jy K' signal -
3500:_ J Ldt=4.9fb s B g chkgwullu—:
3000:— wsnmes Olher backgrounds _:
25000 R
2000f ]
1500 =
10005 =

500 -
0—. T BT ORI et ot s els v eiolal
5000 5100 5200 5300 5400 5500 5600
"’.l,‘wK [MeV]
Lr T l' re T T I T T I T T I T + + ' T <
10 ATLAS Preliminary ys=7TeV: =
& e Data jbw=4swt
8:— —— B, - ' MC (10x) 23
= . =
2:'- ) . £
= () * o
OE_ E ; IR B L - : =
4800 5000 5200 5400 5600 5800

M. [MeV]

Iz{\s
— Evaluated from MC
R, = 0.267 * 1.8%(stat.)* 6.9%(syst.)

Yield for reference channel
— Even-# events

N JJoKE = 15 214 even-no. events T 1.1%(stat.) + 2.4%(syst.)

Un-blinded mass region
— 6 event observed after un-blinding
— Estimate background from SB: 6.75
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CMS 1D approach

Barrel Endca

O

CMS - LubSt' fin?TeV- Bane CMS-Lu200 fin8ToV - Bane JoENE - LuS® (w7 ToV - Endeap

CMS - Luw20®'fiwdTeV- Endesp

- 10, - - —~0F
> s 2 2 — e 2 F — et
o 9 — Ll (%) oY —— A POF o —
o [Ty ) ' E o B
-3 B 2 . - [ [ 2 F [
o —— comtiratorial bhg < < —— combiradorn| tg i —— comtraiord bhg
<y —— mmerlagtonic bhg ~ g —— marleptonic bhg g —— mmerlagtonic bhg
— g bhg —— pamidng thg 3 — g thg
5 E SF
4 4 oF
3 3 sF
2 2 2F
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ot il : p 4 ol obualiual eteesse s EVTTII Y obx : Frvs e o e
9 5 51 52 53 54 55 58 &7 S8 &9 : 2 53 54 55 58 57 S8 S9 49 § 81 82 53 S84 S5 58 587 S8 S» 490 5 81 82 53 54 55 58 ST S8 s9
m,, (Go m, (GeV) m,, (GeV) m_ (GaV)
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CMS categorized approach

Highest and 2" highest S/B categories for (barrel, endcap) x (2011, 2012)

CME-L=20%"{5-8TeV - Barel

Events /(004 GaV )

m,, (GeV)
CMS-L=5fb" /s=7TeV - Barel
>4_5:_ 0.31 <BDT <1.0Q —4—data
8 £ ; 'ugl PDF
E A By —=pw
5_ 4= B gﬂ—m’u‘
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T35 | e semileptonic bkg
@ Er | e peaking bkg
c 3
2 F
w E
25
£ 4
1.5
15—-«- -4
0.5~ . 1\
E Tt \
ok Bl 5 .

54 55 56 57 58 59
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Events /(004 GaV )

Events / (0.04 GeV)

14~ 038 «<BOT<044
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o
b
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-

CMS . L=20%"{5-58TeV - Barel

> date
— 1 POF

g
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2 T
i i sl b il
QQ § 51 52 53 54 55 56 57 58 59
M, (GeV)
CMS -L=51b" {s=7TeV - Endcap
67 0.26<BDT<1.00 4 data
[ — full PDF
[l $—>u'u'
50 —u'u
|, combinatorial bkg
H L e semileptonic bkg
H === peaking bkg
40
3;»—
2

[ PRSPl it L S N
49 5 51 52 53 54 55 56 57 58 59
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CMS-L=20m" {5 =8TeV - Endoap

CMS-L=20%" (5= 8TV - Endoap

3‘ 045<BOT<1.00 e 3 033 < EOT<0.45 ——
— M FOF
-« B - §*u'n
o =1 'y
o s — combinatotal by
=3 -~ —— smrrdepione thy
2 2 — paaking 249
2
1
\\N-\_ —-—
0 -
AN

als )
9 5 51 52 53 54 55 58 57 58 59 9 5 51 52 53 54
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M imnnmn
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my, (GeV)

* Signal candidate distributions
— Consistent with expectations

* Kinematic variables
* Vertexing variables
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*
+ -
B —K™u'u
* Dependence of decay rates from kinematical variables
— Keeps into account possible contribution from spin-less K*m

3 3
+ (1 —Fs) [ZFL cos? Bk (1 — cos?6;)

1 d°r 9 2 4 ,
deOSGKdCOSQ1dq2 _ B { [_FS + _AS COSGK] (1 — COS 91)

+ 10- R0 1) (e

+ gApB (1 — cos? bk) cos 91] } )

* PDF for each g% bin

p.d.f.(m,cos Bk, cos6,) = Ys S(m) - S(cos bk, cos ;) - €(cos O, cos 6;)
+ Y5 B(m) - B°(cos0k) - B(cos 6;)
+ Y} BP(m) - BP(cos k) - BP(cos ;).
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BO—s K*OM+M-

 Invariant mass distributions for each q? bin (CMS)

Events / ( 0.028 GeV/c? )

Events /( 0.028 GeV/c*)

CMS preliminary L=521" {s=7Tev CMS preliminary L=52fb" {s=7Tev CMS preliminary L=521" (s=7TeV
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F, and Az (CMS)

CMS preliminary

=
w

BO—s K*OM+M-
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1
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A, data selection (ATLAS)

* J/y di-muon trigger

— Di-muon trigger
e Threshold on each uis py =4 GeV

— Minimum p; in the sample is 2.5 GeV

— Opposite charge and 2.5 GeV <M, < 4.3 GeV

» Signal selection

— MS used for trigger, ID used for p;
— 2.8GeV<M, <3.4GeV p

— 1.08 GeV <M, <1.15 GeV
« Both A and A considered

e Reconstruction

— Global re-fit of tracks
* Mass constraints for decay products
» A%decay length > 10 mm, p; > 3.5 GeV
 A,7t>0.35ps (average 1.4 ps)
» Re-fitas a Byand (if compatible) compare x? probability
* Mass of A, between 5560 and 5680 MeV




A, mass and lifetime

T L LA B S S e

] 2 800F L1 e -
* Control signal T T
@ goof L=%9fo cr:: -31.1£0.8 MoV
Ty = 1.509+0.012(stat)+0.018(syst) ps £ soof com e
mg, = 5279.6 = 0.2(stat) = 1.0(syst) MeV 8 400F - sara™ YN = 108 :
300 =
— Consistent with PDG: 200 * ]
TP6 = 1,519 £ 0.007 ps s T e
mPDPG = 527950 + 0.30 MeV 05200 5500 5600 5700 5800 _ 5900
My a0 (MeV)
° Results on Ab § g ATLAS . = 14490.03ps ]
e \s=7TeV S =1.05+0.02
8 10°F L=49f" o, =0.11740.008ps
T,, = 1.449+0.036(stat) = 0.017(syst) ps s | D°"
m,, =5619.7 % 0.7(stat) + 1.1(syst) MeV S ek =~ Ftedmodsl
E ..... gg:kag]round
R=1,, /t54=0.960 + 0.025(stat) £ 0.016(syst) ol i
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o, measurement
* Decay described by 4 helicity amplitudes

— fa2+af + [b,2+ b= 1 a, W0

- ab = |a+|2 - |a_|2 + |b+|2 - |b-|2 a -1/2 O

e Full angular PDF -
— = 1 19 - - b+ "2 sl
W(LAP) = 4n)3i§;,f w(A)f 5 (PayF,(Q) b Y 41

— Fli(K): bilinear combination of helicity amplitudes
2,=a |€"+, a=|a_|e'P,
b,=|b, |+ b =|b_|e'®-
— F,(P,a,) has values Pa,, P, a, or 1

o, =0.642 £ 0.013 for A° — pr~
Exploit ATLAS symmetry in § — Polarization = 0

— F, (3): orthogonal functions of decay angles

A= (ay,a_,byb.)

A, rest frame

— Only 5 independent parameters "; y
: P
2 fit to measured <F> 7 o’
NI ‘ - Beam 2" "V
X = Z Z((ﬂ)exmmd - (Fi))V,}l((ij’\pawd —(F)) Production plane "
— =
i i | / Detector effects, determined by MC samples ’/’I;

Lo
<l:i>expected — g f/(A)Cu
. —=» Model, defined in terms of free parameters Jw helicity ggme




A, asimmetry measurement

e Full angular PDF W(Q,A,P) = (43:)3 % fu(A)f 5 (Pa)F (@)
i=0
i 7 = 7

a,a} —a_a* +b, by —b_b* P cos

aal.fa..af —bybY~ b b Pay; cos ) cos b

5 —a,a} +a_a* +5b, by — 5b_b* P 5 (3cos“6, — 1) cosd

1 ~—apdl.—~p.af —gbgbi~5b bE Peay 5(3cos 6, — 1) cos 6 cos 0,

8 —3Re(a+a*_) P o, sin 6 sin 6, sin? 6, cos

9 3Im(a a* ) Pay, sin @ sin 0, sin? 6, sin ¢,

10 —%Re(b_ b%) P a, sin 0 sin 6, sin? 6, cos(p; +2p,)
11 %Im(b_bf‘,_) P a, sin@ sin 0, sin? 0, sin(p; +2¢,)
12 —ﬁRe(b_ai’f_ +a_b}) P o, sin @ cos by sinf, cos b, cosp,

13 ﬁlm(b_aj_ +a_b}) Pa, sinf cos 6, sin 6, cos b, sinp,

14 —%Re(b_a*_ + a, b}) Pa, cos® sin6; sinf, cosf, cos(yp; + ¢,)
15 Tilm(b_a*_ +a, b}) Pa, cos® sinf; sinb, cosb, sin(yp; + ¢,)
16 izRe(a_ bt —b_a%) P sin® sin 6, cos 6, cos p,

17 —3_Im(a_ b ==.b .a%) P sin 6 sin 6, cos 6, sinp,

I%



oy measurement

* Polarization P=0 due to:
— Symmetry of initial state

— ATLAS symmetry in 1

— Coefficients reduced to 6

T hi F;

0 1 I |

N 2 .12 1 2 12 ‘ e

2 (l\0 +fl ]: - «rb(l\o I\IJ i i v, Ccosf, i

4 JIGk; = 3k — 1)+ 3ap(1 =k = kD) I 3(3cos’8, - 1)

6 —}[(k§+k‘}— l)+ab(3+kf’—kf)] @, %(3COSZH2— 1) cost,

18 \%I 1_2‘”‘ \/k'f(l — ki) cos(—A_) — 'E"“ \/kﬁ(l —kj)cos(AL)] @, sin#, siné, cosé, cos(g, +¢,)

19 —%['?b ,/kf(’l - kf’) sin(=A_) — ]‘;"b ,/ké(l —k%)si111:A+')] v, sinf, sin 6, cos 6, sin(g, + &)

* Use of the following 5 parameters to define the model:

a+|3— a_|2+ |b+|2_ |b—|2
la+] o |b_|

- = k. =
% Jia2+be 7 7 (flaP+[b_|
A+= Pi— @, A= p_— @

(x'b:
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B, = /Y ¢

Tagging methods, calibrated using B* — J/y K* decays
Determine probability that signal contains b

* Muon tagging

— From semi-leptonic decays

— Diluted by

B, oscillations

* Jettagging

* b—c—u cascade decay

z|g 03— T T T T T T T T

olT I ATLAS Preliminary

—Z C \s=7TeV
0.25[ JLdI —451"
0.2~ -B*
0.15F *B

7+
it
+
+

0.1F

0.05;— _+__+_

z o T A
E!g 0_253%_ATLAS Preliminary . _F
- \s= e i
r J.Ldt =451’ 1
0.2 —
oB"'
0.15— B
0.1 -
&
005:—+_ e +—+—++++‘¢:
RS gee &#:g—-&*:
L g S o o _¢_-¢—_¢__¢_-¢-
c.** . ™ o
0-1 0.5 0 0.5 1
-Q

Zgo.e

— B-tagged jet required

ATLAS Preliminary F
—|Z 0.16§ \s=7TeV f
i _[Ldt =45f0" é
0.14F
0.12f <B*
0.1;7 B ]
0.08F =
0.06[ =
0.04 -
C 0g0, 00009 o ]
0_02:_ . o .e;)'g’g’%%oo 008008898380’ i
0-93? R B B L, CoBes
-1 0.5 0 0.5 1



B, = /Y ¢

* Differential decay rate

d41“ 10 ® @
dt dQ - kgl ¢ (t)g (9T7 yr, ¢T)

* Tag information used
— Extra PDF terms to account for the background
— Background tag probability modeled on the sidebands
— 25 parameters, 9 of them physical



Quarkonium production

* No theory explains at the same time

do/dp,(pp-»J/y+X) x B(JAy—-pp) [nb/GeV]

— Production (do/dp)
— Polarization

* Previous measurements: only one polarization parameter (out of

three)

YT

YT
Butenschon, Kniehl

| SN LA BN

102 2

CDF data
. PRL 106, 022003 (2011)
[ T CS. LO
10 i\f- e CS, NLO
A ., 0 - CS+CO, LO
1 F™N —— CS+CO, NLO

.j“\.
01 - "\\
0.2 E ~ .
.
0.3 - \‘\“'\
E Vs = 1.96 TeV \"\\\-
4 L ; -,_" s."‘.‘
0 E‘llyli?LGAI .LJALALAA,'I'L-..lL‘ ! L.j
4 6 8 10 12 14 16 18 20
py (GeV]

Ao(pT)

o/« CDF data: Runl/Il Helicity frame
........ CS' LO
g CS, NLO ly| < 0.6
--=-=- CS+CO, LO Vs = 1.96 TeV
——— CS+CO, NLO pp — Jiy + X
1 1
0.8 Bl s
82 Butenschon, Kniehl E
0.2 % PRL 108, 172002 (2012) -
0 E
-0.2 ' {, i 3
-0.4 v
-0.6 Felmg... E
'0-8 --------------------- - 2 —:
_1 M -1 g % =1 ad PR
5 10 15 20 25 30
Py [GeV]
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Uncertainties on Y(nS) production

 ATLAS

Source

Relative uncertainty [Y(1S)/Y(2S)/Y(3S)] [%]

[y##| < 1.2

1.2 = |y##| < 2.25

Statistical uncertainty

Fit model

Luminosity

Trigger efficiency

Muon reconstruction efficiency
Acceptance corrections

Track reconstruction efficiency

1.5-10/2-10/3-10
0.3-2/0.3-10/0.3-15
3.9
2.0-3.0/1.0-2.0/1.0-2.0
0.7-2.0/0.4-1.2/0.4-1.2
0.7-1.5
1.0

2-15/2.5-12/4-18
0.4-10/0.3-5.0/0.2-12
3.9
2.0-3.0/2.04.0/2.0-7.0
0.5-5.0/0.4-3.0/0.4-3.0
0.7-1.5
1.0
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Quarkonia polarization

* Polarization measured through the average angular decay
distribution - for vector particles:

3/(4m)
(34 Av)
A= (Mg + 3My)/(1 —Ay)  (frame-invariant)

W (cos 9, (p|X) — (1 4+ Mg cos® ) + Ao sin? 9 cos 2¢ + A9 Sin 219 cos )

* Angular decay distribution measure with respect to 3 reference
frames:

— Center-of mass helicity frame HX (polar axis = direction of quarkonium
momentum)

— Collins-Soper CS (zqs = direction of relative velocity of colliding
particles)

— Perpendicular helicity PX (zpy L z)
* Distribution shape is characterized by the frame invariant
parameter A\



Polarization parameters

From S.Palestini, Phys. Rev. D83 (2011)
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Quarkonia polarization

e [wo extreme angular decay distributions

Longitudinal polarization 1 Transverse polanzat1
Jz=0 = +1
Ay = —1 J, Ao = +1
Ap =0 ‘ y )\99 =0

e The full angular distribution has to be measured. Otherwise two
very different physical cases cannot be distinguished.

The shape of the distribution is invariant and can be characterized
by the frame invariant parameter A = (\y + 3Ap)/ (1 — Ayp)

Z.x

----------------

...............
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Y (nS) polarization in the HX Frame, |y| < 0.6

1t Y(1S) 1 Y(2S) Y(3S)
o5t ]
L } L t + } + bt +
hoofmB B g W R ]
o05f ]
-1 - CMS pp Ns=7TeV L=49fb" } HX frame, lyl < 0.6 -
0.4 ote ot uncerr, sas oo Y(15) 1 Y(2S) Y(38)
s Tot. uncert., 95.5 % CL
0.2 Tot. uncert., 99.7 % CL 1
>"(p °:"."-"2""0"""";"""""'T'."’ """"" L L + """""
-0.2f ]
0.4} .
0al Y(1S) 1 Y(2S) Y(3S)
0.2 ]
¢
}\-WO:-+----¢---'¢ -------- Rt '+--*--¥ ------------ j ---------- }-}--*"-? --------- * ----------
-0.2f .
-0.4F ]
1I0 1.5 2.0 2.5 3.0 3.5 4.0 4IS 1I0 1I5 2IO 2I5 3I0 3I5 4I0 4IS 1I0 1I5 2I0 2I5 3IO 3I$ 4IO 4I5

p, [GeV]

p, [GeV]

p, [GeV]



Y (nS) comparison with NRQCD

pp Vs=7TeV
17 HXframe Y(18)
{ yi<os
05
As 0F=== ﬁﬁ*,f T %
-05-

] —e— CMS, L=4.9 fb", total uncert. 68.3% CL
4 —— NLO NRQCD, Jian-Xiong Wang et al., arXiv:1305:0748

‘IIIIIIT‘l\IllI‘rIx!IllrIllIlltt!

10 15 20 25 30 35 45 50

05

As

pr [GeV]
1 pp Ys=7TeV
1 HXframe Y(3S)
1 lyl<08

-05-

—e— CMS, L=4.9 fb", total uncert. 68.3% CL
NLO NRQCD, Jian-Xiong Wang et al., arXiv:1305:0748

LI I ML LI LI

10 15 20 25 30 35 40 45 50

pT[GeV]

1 pp Vs=7TeV
1 HX frame Y(2S)
1 lyl<0.6
05- U 5 1l
A i .} ’,’-f.’vT B A et Rt
9 0 i e
-0.5-
] —e— CMS, L =4.9 fb", total uncert. 68.3% CL
'1_< —— NLO NRQCD, Jian-Xiong Wang et al., arXiv:1305:0748

LN B B B B B B B S S B BB B B B B

10 15 20 25 30 35 40 45 50

pr[GeV]

Calculation accounts for feed-down
contributions to Y(1S) and Y(2S)

Prediction for Y(3S) may change

— Feed-down from %, (3P) to be
included
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JAp polarization and shape invariance
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W*+ prompt J/1p measurement

Background sources
— t—=W=b, where b—] /¢ X
* Expected yield < 0.28 @ 95% CL
— W*Db others than t decay

» Ratio to W+ production is consistent with ratio W+ + non-prompt ] /y to W+

— Z—p*u vetoed by removing m,, = my + 10 GeV
— Multi-jet production

» Shape evaluated looking at non-isolated muons
* Fit on W transverse mass

Pileup
— Estimated yield 1.8 + 0.2
Double-parton scattering

— Evaluated via P,y = 0y,,,/Ocg

Events / 20 GeV

30_,.,\.H\.H}._u,y.wwm T
I ATLAS Prel|m|nary,\s=7TeV,fL dt=4.6fo" ]

25| W+multiiets hypothesis -
r —e— W + prompt J/y data
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W*+ prompt J/1p measurement

Yields from two-dimensional fit

Process Barrel Endcap Total
Prompt J /v 100747 192738 292773
Non-prompt J/y 27.9%%3 13.933 41.8%84
Prompt background 204139 18.87%3  39.278¢
Non-prompt background ~ 19.8738 19.2+81 39.0184
p-value 15x1072 1.4x107% 4.4x1078
Significance 3.0 4.7 5.3
Source Barrel Endcap
J/y muon efficiency ~5% =~5%
W® boson kinematics 2% 5%
Fit procedure fg% '_*%%
Choice of fit nuisance parameters 1% 1%
Choice of fit functional forms 4% 4%
Muon momentum scale negligible
J/y spin-alignment 2% %
Statistical % T30%
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B* production (ATLAS)

2.4 fb1,7TeV, 2011

d*o(pp — B*X)/dpdy RN T PSRRI e
— Uptopy ~ 100 GeV & —
— 4 rapidity regions, |y| < 2.25 £k \ =
— viaBt— ]/w K* — urwK* “ e A . .
+ (BR.=(6.03 + 0.21) x 10) “o) Yl i
Event selection ;1¥ PRt 19 |

m,_ . [GeV]

— Di-muon trigger

— Atleast 2 u with matching MS and ID tracks
* 2.5<m,, <4.3 GeV (ID kinematics)
* Reconstructed muons must match the trigger ones

Background
- B ]y
- BJ_r/O — ]/w K*J_r/o and Bi/O — ]/ll) Kini/o
— Combinatorial background from J /1 plus a track
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* Comparison with theory

B+ production (ATLAS)

— NLO and FONLL

dalpp—+8"X)dp_dy [pb/'GeV)
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