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e Introduction

* J/P and YP(2S) production at high pr at 13 TeV [ATLAS-CONF-2019-047]
e J/U production associated with W = [JHEP 01 (2020) 095]

e B:c / B+ production cross-section [Phys. Rev. D 104 (2021) 012010]

* Pentaquark search in Ao, = J/PpK- [ATLAS-CONF-2019-048]

e CP-Violation in Bos =)/ (u+ p-) K+ K - [Eur. Phys. J. C 81 (2021) 342]

e Study of the B+—J/{D+ and B+—J/PD*+ decays in pp collisions at Vs=13 TeV
with the ATLAS detector [ATLAS-CONF-2021-046]
e« Combination of the ATLAS, CMS and LHCDb results on the Bos—p+u-

decays | |


https://cds.cern.ch/record/2693955
https://link.springer.com/article/10.1007/JHEP01(2020)095
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012010
https://cds.cern.ch/record/2693957
https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-049/

Introduction Lancaster €7

e ATLAS detects huge amount of B

S R L 3
hadrons - ATLAS Preliminary .
[ Data 2018 A e

| =13 TeV % p(n)>11GeV.p (u,)>6GeV

* Triggering is a challenge as ol ) 6cev.p = ey

luminosity increases, most of B-
physics data selected by low-pT
dimuon triggers:

e Resolution in m(pp) : ~50 MeV at
J/ mass, ~150 MeV at Y(nS)
masses ~10 um impact parameter
resolution
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plu)> 4GeV.p (u)>4Gev

Entries / 10 MeV
)

—
o
o
I IIIIIIII T T

Dimuon triggers: pT[pl} =11 GeV, p_{u ) >6 GeV

—
o
8]

7 lIIIII|

...........

—
Q

e Time resolution ~60 fs after m(uu) [GeV]
installation of IBL in Run 2 (30%
improvement w.r.t. Run 1)
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J/U and P(2S) production at high pr

Heavy quarkonia provide insight into QCD near the
boundary of perturbative and non-perturbative regimes

Inclusive cross section measurements are important for
refining quarkonia production models

Previous ATLAS measurements used low-threshold di-muon
triggers, limiting pr range to ~ 100 GeV — use single muon
trigger with high threshold (50 GeV)

We perform unbinned ML fit to mass and pseudo-proper
decay time T = my Ly /(pr ), in bins of y and pr.

The double differential J/P and Y(2S) cross-sections for
prompt and non-prompt production is measured

| prrange,GeV  yrange

P(2S) 60<p T <140 ly|<2

Events / (0.05 GeV )
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5 FONLL = (Fixed Order + Next-to-Leading Logarithms)

J/Y and LI)(ZS) production at high p+

ATLAS Prellmlnary
10t o= Non-prompt J/y Cross-Sectio

—4-datax 102, 1.50 < [y| <2.00 +~e=—
—T—datax101 0.75<|y| < 1.50
-¢-data x 10°, 0.00 < [y| < 0.75

60 70 80 90100 200 300
py{hn) [GeV]

comparison to FONLL prediction*
good agreement at low pr
at high prt higher cross-sections are predicted

*FONLL Heavy Quark Production Matteo Cacciari,

http://www.lpthe.jussieu.fr/~cacciari/fonll/fonliform.html, accessed: 2019-09-03
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[ATLAS-CONF-2019-047]

ATLAS Preliminary  4450<lyl<2.00
= -1 !
(s=13TeV, 139 40.75 <yl < 1.50
Non-prompt JAp Cross-Section ¢
prompt Jiy +0.00<lyl <0.75
EFONLL / Data
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J/P and P(2S) production at high pr University © ®

> F T T T ' ] ATLAS Preliminary 4 150<ivl<2.00
3 N ATLAS Preliminary o < 1978, 130 1" i:)is<|y|<1 50
5 10° Non-prompt y(2S) Cross-Section P07 <<t
= data x 102, 1.50 < |y| < 2.00 - roprompt (25) Gross Seclon $0.00 < i <0.75
ol —s-data x 10", 0.75 < |y| < 1.50 1 MIFONLL / Data
BlS 2 4 data x 10° 0.00 < |y| < 0.75 __ o |
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comparison to FONLL prediction e
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good agreement though somewhat higher cross-
sections are predicted
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J/U and Y(2S)

production at high pr
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b = 4.40 + 2.33 [GeV]
n=>591+0.27
x2/ndf = 35/30
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ATLAS Preliminary
Prompt J/y

—9- ATLAS, |y| < 0.75, 139 fb

- CMS, |y| <0.30, 2.3 fo'!
— Fit~(b+p )"

60 70 80 9010
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Prompt J/ cross-section at 13
TeV

fit CMS and ATLAS results with
~(b+pT)™"

good agreement in the overlap
region
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J/U and Y(2S) production at high pr

non-prompt production fractions:

NP
Ny

Fy (pr.y) =

P NP
N¢+Nw

We simply see a plateau at 70% which

was hinted at with previous

measurements

[ATLAS-CONF-2015-030]

Non-prompt Fraction
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E —4— ATLAS 2.76 TeV, 4 pb™, |y| < 0.75
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https://cds.cern.ch/record/2037967
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. . : Lancaster E=2
J/Y production associated with W* University © #

e For understanding charmonium production mechanism in hadronic collisions
e The relative contribution of Color Singlet (CS) and Color Octet (CO)
« contributions from Single (SPS) and Double Parton Scattering (DPS)

e can be probed using Ay distribution between J/ and W* - DPS should be flat, SPS
peaks at ~71.

* The prompt-J/ signal is extracted from fit to J/Y mass and
pseudo-proper decay time

* A measurement indicates presence of SPS oF
. ope . 30; 7 Ine-t:'p in r 6,4=6.3m
* in case of DPS, probability of producing J/ by second scatter: - 3 Uncertinty for c:ﬁ=?s3r5’

{s=8 TeV, 20.3 fb

T pp— prompt JAy + W*
40~ + Data

Events / (n/12)

F | 0
50~ ATLAS }

i DPS o,,=6.3 mb
L —— DPS o4=15mb

Py/piws = i/ Oeff 20

* Oeff IS unknown — two choices from previous ATLAS o
measurements:

- Oe = 6.3 = 1.6stat £ 1.0syst mb from prompt J/ pair production 0:\i -
—  Oe = 15 % 3stat +5-3 syst mb from W= + 2jets Y S R S S AT

* We see both values consistent with data at low Ag AQ(JIy, W)
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: : : Lancaster E=3
J/ production associated with W* University € #

 We show the differential inclusive cross-section in 6 pT bins in the range: 8.5 < pT <150
GeV

 We compare to two theoretical predictions
— differ in ge values used for estimation of DPS
— SPS contribution modelled by CO model for both

,‘5\ 10_4 E\ | T T T T T T T T | o~ 10—4k
> E " - E\ | T T T T T T T T |
: s F pp—> prompt JAy+W* : pp—W* ; 3 " pp— prompt JAy+W* : pp—W* E
* comparison suggests S oL ATLAS G 1 S Aras L Ve ]
§ E Y Spin-alignment uncert. E + % Spin-alignmentuncert. %
smaller oeff, but both o ke emp | EE RSy umen 3. [ ] ovs and ey e,
! 5| 10_6§ Oo=15 Estimated DPS contrib. 38 1075 B O=6.3 mb Estimated DPS contrib. |
1 1 g S rediction J 3 E 3
Values don t deSC”be 5 - D) - I NLO CO SPS Predict : S i " [ NLO CO SPS Prediction 3
£ 10” C107 L A, _
pT dependence B {1078
X
° CS model not ,§ 10_3 ................ % 10—8
included . !
InC u e 2. 10—9 > 9
S 5 10
@ &
10_10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ % 10—10
107" 2 107"
10 20 30 4050 10 10 20 30 40 50 10

p" [GeV] p’¥ [GeV]
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[arXiv:1912.02672, submitted to PRD]

B*. / B* production cross-section

* A unique probe for heavy quark dynamics

use similar decay mode for B and B+

 fiducial volume: pr >13 GeV, |y|<2.3

o(BY) - B(B: > J/yn*)- BUNY — ') _ N*°(BE) e(B*)

o(B*) - B(B* — J/yK*)- B(J /¢ — prp7)  N©O(B*) €(B?)

* double differential measurement in 2 bins of y and p;,
e The production ratio in fiducial region (horizontal line

(0.34 £ 0.04 ., + +0.06-0.02  ;; + 0.01 jireiime 1%

Complements LHCb and CMS

no evident rapidity dependence

B+, cross-section decreases faster with p; than B+ cross-section

- 0.6

R

~0.55

—J/IyK

5 05F
0 0.45F
0.4

_ ATLAS (s=8TeV, 20.3 fb"_§
i ? .
-+ Data =
pT(B) > 13 GeV E
ly(B)| < 0.75 | 0.75 < ly(B)| < 2.3
- ATLAS Vs =8 TeV, 20.3 fb"_g
g \#
— -+ Data E
- Iy(B)I <23 E

13 <p (B) < 22 GeV

p.(B) > 22 GeV
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Pentaquark search in A°, = J/{pK’ =

L — backgrou'nd

LHCb

e 4 structures observed in J/Pp mass spectrum
by LHCDb. ol

— interpreted as pentaquark states P.(4312)+, P (4380)+, P.(4440)+ 200
and P_(4457)-. o JN

* ATLAS search uses 4.9 fb-1 (7 TeV) and 20.9 fbt o e
(8 TeV) data.

- no PID = consider all H, = J/Yh;h, (h,, = p, K, 1) candidates
— modelling these contributions with analytical matrix elements

600

Weighted candidates/(2 MeV)

: P.(4440)" f P(4457)
P(4312) |

LI B e B
—o— Data

[ AY=JrypK
] Ab—diypKrefl. -
[ Combinatorial BG_|
[ By~ diyKn
[ B.-JiyKK
[ B~ Jiynn
l:l B—J/iynn

A SRR R
| ATLAS Preliminary
[ Vs=7,8TeV;4.9,20.6 fb"

—_
n
o
o

Events / 10 MeV

— suppressing background from A*, K*, f, @ = m(Km) > 1.55 GeV

D 0

— performing sequence of iterative fits in A°, signal region, B° 4002
(J/YnK) and Bo, (J/PKK) control regions and in full range of 200]
selected dataset :

0" =54 55 56 57 58 5.9

M(Jhy, p, K) [GeV]

signal region: (5.59, 5.65) GeV
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Pentaquark search in A° — J/ypK' Iﬁ%%%%gfg}'

fit with 2 pentaquark hypothesis  fit with 4 pentaquark fit without pentaquarks
with spin parity of 3/2- (light) and  hypothesis: masses, widths

E " ATLAS Preliminary s ]
1 H r—7 8TV49 206fb‘ [] Combinatorial ]
5/2+ (heavy) and relative yields of narrow & acp=nore e
@ C 5.59 < M(J/y,p,K) < 5.65 GeV [ B~ Jiynn
& r B B.—>JiyKK
states fixed to LHCDb values g a0 " _pen
T > T T T oo , 1
g’ E ATllAS Préliminary I - .?:::I signal ] 2 ATLAS Prellmlnary . — 'r::; signal
S 300 FVs=7,8TeV;4.9,20.6fb’ [ Combinatorial BG ] & 300 jr‘ 7,8TeV; 4.9,20.6 for % §°:‘j’/i“"‘;:’"a' BG
P " 5.50 < M(J/y,p,K) < 5.65 GeV E‘ Ejjﬂf,f 2 -5.59 < M(J/y,p,K) < 5.65 GeV B B, J/yr
S __ [ By~ J/ynn o 250 [ B,—J/ynn
$ 250¢ B B,->J/yKK @ - B B> J/y KK
w r /\?‘,—>J/W\' — E Ap—JyA* + refl. ]
200F- — AYPK b 200 Wity
150 :_ ] 150 : 5.2
s e . M(Jhy, h=p) [GeV]
e ; 5 d.f = 69.2/3
: 7 : X2/ n L] L _— L ] 7
50 50F

Conclusions

* hypotheses with 2 and 4
pentaquarks consistent
with data

o = * hypothesis without

4 4.2 4.4 4.6 4.8 5 5.2 4 4.2 4.4 4.6 4.8 5 5.2 pentaquarks CannOt be

My, h=p) [GeV] M(J/y, h=p) [GeV]

x2/n.d.f = 37.1/39 x2/n.d.f = 37.1/42 excluded
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CP-Violation in B% =J/Lgp— w KK

The CP-violating phase ¢s is sensitive to New Physics processes

In SM, ¢ is related to the CKM matrix elements:
— Estimated precisely as -0.03696 rad with small uncertainty.

other BOs-B0Os mixing quantities: width difference between BOs

mass eigenstates Al's = ;H-['sL , average decay width I's = ([sH+IsL)/2.

tag whether B meson contains b or b quark at time of production
using opposite side tagging (by computing weighted sum of
charge of tracks in cone AR around direction of either p, e or b-
tagged jet)

Final state is admixture of CP-even(L=0,2) and CP-odd(L=1) states
distinguished through time-dependent angular analysis

80.5 fb-1 (13 TeV) partial Run 2 data (2015-2017)

— unbinned maximum likelihood (LH) fit to extract signal and S-wave
parameters

Entries / 3 MeV

(data-fit)/c

Entries / 0.2 ps

(data-fit)/c

E IX'}"L‘A‘S' """"""""""""" [5 Itl """""""""" ;
45— Vs =13TeV, 805" LTHH =
E - Signal ]
40 -~ Background E
35F 10xBj— JyK® 3
10 x A s~ JypK 3
30 =
25F- =
205 =
15[ =
10F- =
56 =
A T T T e ik [ |
g = -5
! ]hi by ¥
9 L‘“I*FM]VFI"II"'“ 'J""‘Lﬁ[yn‘l"rll"*
_2E ,
_3 — . ) ) ) ) ) =
B 52 525 53 535 54 545 55 555 56 5.65
m(J/yo) [GeV]
£ 10 L S I B B L B B —
E ATLAS Data
Vs=13TeV, 80.5fb Total F
100 — Total Fit
- - Signal
. : --- Background
10 E ,L"“ -.- Prompt J/y
103% ..........
102E
105
' } PRTI ‘l ]y | } ey } ——
g - -
1 = =
I it L e
_2F _
_‘31 . =
=2 0 2 4 6 8 10 12 4

Proper Decay Time [ps]
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CP-Violation in B% —=J/Ygp— n'WKK

* fit returned two well-separated solutions for strong phases of
CP-even and CP-odd final state configurations

— Main parameters are identical in both solutions
* ¢s and Al results consistent with updated SM
» ~ 30 tension in s with current world average [PDG2020]

» A full run-2 paper is in progress

Parameter Value Statistical | Systematic
uncertainty | uncertainty
¢, [rad] -0.081 0.041 0.022
AT [ps™!] 0.0607 0.0047 0.0043
s [ps!] 0.6687 0.0015 0.0022
|A) (0)2 0.2213 0.0019 0.0023
|Ao(0)? 0.5131 0.0013 0.0038
|Ag(0)|? 0.0321 0.0033 0.0046
0, — g [rad] | —0.25 0.05 0.04
Solution (a)
0, [rad] 3.12 0.11 0.06
0 [rad] 3.35 0.05 0.09
Solution (b)
0, [rad] 2.91 0.11 0.06
o) [rad] 2.94 0.05 0.09

5, [rad]

‘."_' T T T T T T T T
32 ATLAS ---Run1,7 and 8 TeV, 19.2 b
(20127 Vs=7,8,13TeV - 13 TeV, 80.5 fo™ N
< 68% CL contours — Combined 19.2 + 80.5 fb™
- SM prediction
0.1+ - -
0.08- .
0.06/- .
I I e = I
-0.2 0 0.2
¢, [rad]
,I_';' T T T
Qo 10 ATLAS
%” 0. | CMS, J/yK'K, 116.1 fb Vs=7,8,and 13 TeV |
68% CL contours
3.8 0.1+ .
[ ATLAS —-2AIn(L)= 2.30 L
L _ 1 - -2AIn(L) = 6.18
a6l {s=13TeV, 80.5fb o T1res L LHCh, Sy KK, 4.9 1"
[ Solution (@) e
C P i N 1
3.4: O 0.08|- LHCb, all channels, 4.9 fb _
F e ~———— =" Solution (b) 0.06 ATLAS, J/wK*K~, 99.7 fo N
2.8 e T T
A T H R B U R | . . X |
26 2.8 3 3.2 34 3.6
3, [rac] -0.2 0 0.2 g
¢, [rad]

Eur. Phys. J. C 81 (2021) 342


https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0
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ATLAS-CONF-2021-046

New: Study of the B*. = J/{ D\

* Decays B+ = J/P D*+ can occur through b decay
with ¢ as spectator, or through annihilation
diagram.

 The analysis seeks a more precise measurement
of the branching fractions and polarization using
full Run-2 data.

e Dataset 1: candidates in the events collected by
the standard dimuon or three-muon triggers
without requirements on additional ID track.

e Dataset 2: candidates collected only by the

dedicated Bos =)/ @ triggers but excluding the
ones used in dataset 1.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-046/
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New: Study of the B*. = J/{) Ds'"*: Result University 2

e L A
Rps)nr = 2.76 +0.33(stat.) + 0.20(syst.) + 0.16(brf.) 2o & | -
Rps+ /ne = 5.33 4 0.61(stat.) + 0.67(syst.) + 0.32(brf)  Smo. 1 |3
Ross ps = 103+ 0.24(stat) + 0.10(syst.) 4= .1 | T - -
M++ /I = 0.70 + 0.10(stat.) 4 0.04(syst.) Poc - - -

gl e Db,

DY/m* RD “/m RD:/D; r./r

e Measurements are consistent Y T

With LHCb 2.76 £ 0.47 533ﬂ:096 193j:026 0.70+0.11 ATLAS Run 2
°

2.90 + 0.62 - 2374057 0.52+0.20 LHCb Run 1 [1]

3.8+1.2 104435 28705 038+0.24 ATLAS Run 1 [2]

* The precision of this 2 B L - a0 i
2.0 5.7 2.9 - RCQM [5

measurement exceeds that of all ¥ s6¥ie st oo Goam i

° ° 2.2 - - - BSW [7

p Frevious Stu d |es 2.06 + 0.86 - 3.01+1.23 - LFQM H

* 3457049 - 2547097 0.48 £ 0.04 pQCD [9]

- - 0.410 RIQM [10]

3.257 + 0.203 - - - FNCM [11]
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A combination of results on the rare

B% — p*u-and B - p*u- decays from
the ATLAS, CMS, and LHCb
experiments using data collected at the
Large Hadron Collider between 2011
and 2016

ATLAS CMS LHCD - Summer 2020

10E Prehmlnary I .

C 2011 - 2016 data ]
8F .
6F .
4 ]

[ SM
2F -

0 :\.\ . T L P -
0 0.05 0.1 0.15

R = B(B" — ')/ BB, — )

ATLAS-CONF-2020-049

Combination of the ATLAS, CMS and LHCDb results on
the B%— ' decays

Lancaster E=
University ¢ ©

ATLAS CMS LHCDb - Summer 2020

@/\ N / | | T *L\:l\ T I |
o - //‘ e Prehmlnary ATL AS .
= 05F . .7 2011 - 2016 data --.CMS —
P A AL TR e — .

T\ -_/ ,// /' ’><;(' - T=s T~ - LHCb 7
_{_3‘ 0.4 __,’/ //I //, .7 \~\\ \\\,. — Combined vi
3‘ [/ / // / s SO\ S
7/ SON a

T 0.3 / / / RN 2
C N ]

S : ,"I t'l;l“‘ \\\\\ :
L 02F /] N\
Q E N
A . NS

01 [ ;"\\ l\\ \\\ //“\ =

AN \ AN A -

\: : ‘\ \ - ! = :

O Y ' EANTEA pr Y N

1 5

. . . 0 + —_ _9

Result consistent with SMwith 2.16 - B(B! — u*u™) (107)

H{HI'J
B{Hﬂ

rutp)
rutp)

-

o
-~

e,

1.6 x 10 '? at 90% CL, and
1.9 x 10 "7 at 95% CL.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-049/
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e ATLAS has a rich B-Physics program

* The statistical precision of many analyses can still be improved
(data available)

 More papers coming
e ATLAS B-physics team is well prepared for Run3
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J/U and Y(2S) production at high pr

Prompt

Ly T T T T T T
E 105_E ATLAS Preliminary Prompt J/y Q
S 10t S Vs=13TeV, 139 fb"' 4-datax 102 1.50 < |y| <2.00 ]
e = e +4-data x 10',0.75 < |y| < 1.50 §
blo 3 o -+—data><10°000<|y|<075‘
o 107 g =
O(Q E —o—i E
/_:c 5k . 3
;_ = ‘ '_._:_'_‘,_,_.'—._:—H =
5/ U —e— PR . S
CE - e —eo—
107" E —e—
102k
:I 1 1 1 | 1 1
60 70 80 90100 200 300

P (hw) [GeV]

[fb/GeV]

—
<

10

— i
© o
N _|.. —
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Non-prompt

E T T T I T T 3
[ ATLAS Preliminary ~ Non-promptJ/y 7
= Vs=13TeV, 139 fb" 4-datax 102 1.50 < |y| <2.00 3
E* o 4-data x 10", 0.75 < |y| < 1.50
= e -¢-data x 10°,0.00 < |y| < 0.75 3
E_ |_H»—0—| = EE
t—e— o —o—1 .
S S TN U E
- —e— Ho—  He 7
E —o—i o= —e— E
E re— . ]
E |—0—|H_‘ g
= l—.—:_’_‘_f_g
E ﬂ—%

1 1 1 I
60 70 80 90100

300

p(uu) [GeV]
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J/U and P(2S) production at high pr
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