ATLAS

EXPERIMENT

¥

I.HC Days in Split, 4
m 1 u,SQcm bei § Uctobero22 il i P & gl
Dmcletlan s Palace / Hotel Cnrnar b SRR i s

Splthmanal' . ']'1*[”"" [ u'| | '”1 Nl ””"'” | i | 1 I|| |I||I|I

i,.;..-t..




%

%

%

%

%

.%!

%



I "#$ %
I"# $ %
&& | "t $ $ ) ) %
> il T | 1T T 71 [ T 1T 1T 1 | 1T 1T 71 ] T T T | 1T T 1 ] ] > i] T [ T 1 T 7T | T 1 1 1 [ T 1 1 7T | T 1 1 1 [ T 1 1 7T I_ n
& 300; ATLAS Preliminary } Data 1 & 3005 ATLAS Preliminary } Data ] $ g 81 #
3 2501 Vs =13 TeV, 139 fb” — Sig.+Bkg. - 3 250F Vs =13 TeV, 139 fo™ — Sig.+Bkg. 0/)
o 200:_di-J/\|! — Background _f o 200 :_di-J/\]J — Background _f 0
E; C ---Sig.w/o Int. ; E “ ---Sig.wiolnt. 1
"q:_)' 1505_ -~ - Sig. Int. _E qq‘:: 1505_ - - - 8ig. Int. _E
& 1005 4 D100F :
505 3 50 =
o Eeimane B = m—
—50;— _; _50§_ _g %5O_y|||x[|.||.x[||yl||]T|||]llll_
—100F - —100F 3 0] L ATLAS Preliminary { Data .
: E g 1 | Vs=13TeV,139fb" — SigaBkg, -
_1 50? ca oo b v b v b b | |_: _1 50 ? ca v b v b b e b | |_: g 40—_J/1P+\|/(2S) — Background ——
6.5 7 7.5 8 8.5 9 6.5 7 7.5 8 8.5 9 = i - - Signal ]
mﬁﬁ” [GeV] mﬁﬁ” [GeV] 2 C ]
& 301 .
w i ]
&I & !II#*# + $ ) : :
) ) ~+./ 20_ } N
10g | ]
0 TN % T
7 7.5 8 8.5 9

Mg [GeV]



I"# $ %

& & ( "# $ $ ) ) %
0 ) )
CMS Preliminary 135 b (13 TeV) CMS Preliminary 135 b (13 TeV) ( %
> 180_—‘ AL L L L B L L '__ > 350__' T T "" L L e '__
% = t Data —Fit 3 %300; iy ¢ Data — Fit s
g ;_ = BW1 ' BW2[X(6900)] _; SS g ; “ """ BW2[X(6900)] ---- NRDPS g
2 = 4 2250 ; F — - —
5 120~ win BW3 — Background — © ; X(6700) NRSPS 3
€ 100 3 22001 - - (X(6700)+NRSPS) Interf. =
O wf E RPN E
3 - E
=3 | =

Data-Fit
N—r
= 1
|_\
~~

7 75 8 85 9
Mgy [GeV]

0 "% 3 ) ) ) ) )



- 10CMS Preliminary {s=13 TeV, L =133 b 10CMS Preliminary (s=13 TeV,L =133 fb"
Pure prompt: Nonprompt contributions: % E' L L L L L L L 'E 2 L L L ]
= 9;— 4 Data —; 9;— ¢ Data —;
% 85— [ — Total —f 85— — Total 3
*"EJ 7%— A\ Jhy Jhy Iy signal _g 72_ N Jhy Iy iy signal _%
o = 3 o ]
o 6f 7 6 :
5¢ ' 3 5 E
4c 34 3
% . 14
2 \ i V|-
CHLLN
Elll lg \\‘\ [- |l|E 0;.'.4-_1-_-r|-r_-|- ] T \ I T 3
99 3 31 32 33 ° 26 28 3 3.2
muu[1] [GeV] m[uu] [2] [GeV]
. _ = -1
% 10?NI|S I|3re|||mllnalry] [ I@-|13[T(-::V, L .13|3f.b :
= 9F ¢ Data =
o E ]
w8k — Total 3
..g 7%_ S Jhy Iy Jiy signal _%
n o F 3
! #H$ % o 6F : :
st

& % ( ) *+,-

) *, 0) *1, * Q ;

& 12 2 :
HLLLLLLILLL LT
0;_-|-.-|-_1 I r -4 " i T =

2.6 2.8 3 3.2

muu] [3] [GeV]



& & 345+6 78

Events / 10 MeV

" ATLAS Preliminary =80 Dﬁ:} . ’
1200 V5= 7, 8 TeV; 4.9, 206 fb" —ivhiralln
. [ ] Combinatorial BG_
1000 = ::ﬁix ]
B Bl B,—J/yx -
800/ By
600 -
400 —
200 |
¢ 54 55 5.6 5.7 5.8 5.9
M(J/y, p, K) [GeV]
034 (3 % 53% 33( 3
6 336 3378#1
3 3 32 3/ 9 3% 33
3%%$3;< %3 31#73= 3 3 33°

> $ 32 3& 3?7?23 33''@

Events / 20 MeV

[ gy

_I T i T T T ] T T T ] > _I T I T T T | T T T I T T T [ lllllllllll m

- ATLAS Preliminary el 2 [ ATLAS Preliminary i} L
"{s=7,8TeV;4.9, 206 b’ [ Combinatorial BG | ) " ys=7,8TeV;4.9,20.6 fb’ ] Combinatorial BG |
300 - [ B,—J/yKn . S 300 - [ B,—J/yKn .
C5.59 < M(J/y,p,K) < 5.65 GeV B B, J/yxx n @ = 5.59 < M(J/y,p,K) < 5.65 GeV B B,—J/ynx i
250— I B,—J/yxx ] S 250— I B,-J/yxx i
S B B,-J/yKK . & n + B B,—J/yKK g

C A;—hllw\"+reﬂ. ] u A;—»JIvA‘o- refl. |

- — Ap-PK ] il —— Ax"":“ i
200 A;—»PJ( refl. < e eSO | O I Ax—rP,K refl. J
o AP K ] m AP K .
150/ = G 150 usastee i) 1f:
i n [n AP K il
100~ - 100/~ —
501 = 50 -

4.6

|||||||||

wslll 5 5.2
MU/, h=p) [GeV]

aan s 5.2
My, h=p) [GeV]

Parameter Value LHCD value [5]
N(P¢1) 4007 130(stat)*1 10(syst) -
N(Pc2) 150} 20 (stat) *30(syst) =
N(P., + P.p) 540*50(stat)* 10(syst) =
33 3 A¢ 2.8J_ri:g(s£at)fg:%(syst) rad -
m(Pey) 4282+33(stat)* 23 (syst) MeV 4380 = 8 + 29 MeV
[(P:1) 140" 70 (stat)*3} (syst) MeV | 205 + 18 + 86 MeV
- m(P) 4449+20 (stat)*18 (syst) MeV | 4449.8 +1.7 +2.5 MeV
[(P.») 51739 (stat)" ¢ (syst) MeV 39+ 5+ 19 MeV




— T T T | T T
E 10°c ATLAS Preliminary ~ Prompt J/y
S 10¢ Vs=13TeV, 139 fb"' +4-datax 10% 1.50 < |y| <2.00
T | . -4-data x 10", 0.75 < y| < 1.50
O[S, 103 o +4-data x 10%,0.00 < |y| < 0.75
‘b% et o
— 102 '_H;—.—q —0—i
+:S_ I—H'_H —eo—i —o—
F 10 e e e
T —— —e—i
2_ —e— ’_HI—Q—!
> 1 —e—i o
m 10_1 o r—o—:_r
1072
1 1 1 1 | 1 1
60 70 80 90100 200 300
P () [GeV]
” CMS 23-27f"(13 TeV)
= E =
E E " iy NRQCD 3
2 oF 2
= I * y(2S)  NRQCD =
L 'D'_ 102 £ L 'U._
U% E ..-I- U%
o 0F  Tm, @
1;F . L o = - L] -
107 F T .
10°2 r . ) -
10° r . 9
EI 1 1 1 1 1 | I ,
15F |
ge feeemernibaid g 3 41 g
%g [ I s @ 3 § * { 'D.‘%
05K L 1 L 1 } L1 i | 3
) F - . . . d . ©
e 2| aseeeprnptd? AB t 1 ol
L 1 1 | | PRI |
20 30 40 50 60 70 8090100 150

p, [GeV]

ATLAS Preliminary
Non-prompt J/y Cross-Sectio

Theory / Data

Lol 5 T T
E 10
s 10!
L '3‘._ 10°
T|lQ
o
~ 107
=
=
7 10
>
S 1
@ F-$-datax10?%1.50 < |y| <2.00
10 data x 10", 0.75 < |y| < 1.50
102 data x 10°% 0.00 < |y| < 0.75
1 1 1 |
60 70 80 90100
CMS 2.7 fb" (13 TeV)
10° f " Y(1S) (x100)  NRQCD
1o4é— * Y(2S) (x 10) NRQCD
10°F . £ Y(3S) NRQCD
107" F ‘A.“.‘ T L]
102 & i 4
10° El 1 | 1 | 1 1 : L
1.5 B

1 .“‘i‘{“é#“\‘éé§§£i

FE “‘%ﬂ‘g‘
T : —

‘ﬂ{ﬁ t‘% 1

| P

20

30

1
40 50 60 70 80 90100

p, [GeV]

200

300
p(uu) [GeV]

ATLAS Preliminary 41,50 < Iyl <2.00

- -1
Vs=13TeV, 139 fb +D.75<\y\<1.50

Non-prompt JAyp Cross-Section +0.00 <yl <0.75
[EFONLL/ Data

EVR——
80 90100

60 70 200 300

P (uu) [GeV]

3 T T T
& 10° ATLAS Preliminary
-“E Prompt J/y
oz 10* i
Bla” - ATLAS, |y| < 0.75, 139 fb
= - CMS, Jy| < 0.30, 2.3 b
= 10 — Fit~(b+p )"
= T
7
£ 2
5 10
@
10
b = 4.40 + 2.33 [GeV]
1 n=>591+ 027
72/ndf = 35/30
107
10°%
£ 14
]
5 12
o 1
0.8
0.6

30 40

50 60 70 8090107

3x10°

2x10?
P () [GeV]



#HP

Entries / 0.2 ps

(data-fit)/o

03 33 3 3 3)6 '3 3 -3 3 3 7
AB % 2 3 3 3 3° 3 3 36" ;
$32 3B
CO D3% 2 3 3( 3 3 3% 6 @
Parameter Value Statistical | Systematic
, uncertainty | uncertainty
10:E“AIL|A‘S‘ T 1 T 'Ml’__}'t[ T ‘é
E Vs 13 TeV, 805 fo” ;T(?taal - E ¢ [rad] —0.081 0.041 0.022
103:g - Signal T Al [ps~'] 0.0607 0.0047 0.0043
'o° - --- Background . Is [ps']] 0.6687 0.0015 0.0022
3 SoPromptdy 21 4,(0))2 0.2213 0.0019 0.0023
100 it = |A0(0)[? 0.5131 0.0013 0.0038
E E |As(0))? 0.0321 0.0033 0.0046
107 I q 6. -6g[rad) | -0.25 0.05 0.04
10° - I & & < ==
10k
E Parameter Fit value Stat. uncer. Syst. uncer.
35_“ e ¢s [mrad] —11 +50 +10
21: : AT [ps™'] 0.114  +0.014 +0.007
Qs el A ps ] 1751 G +0.03
—gg 3 A 0972  +0.026 +0.008
2 S O OO Ts [ps!] 0.6531 +0.0042  40.0024
-2 0 2 4 6 8 10 12 14
Proper Decay Time [ps] |A0|2 0.5350 :l: 0.0047 :I: 0.0048
|A L |? 0.2337 +0.0063 +0.0044
|As|? 0.022 o008 +0.016
d) [rad] 3.18 +0.12 +0.03
0, [rad] 2.77 +0.16 +0.04
0 ( < ==

N

0.1

0.08

0.06

| CMS, J/yK'K, 116.1 fb’!

- LHCb, J/wK'K™, 4.9 fo

ATLAS T
Vs=7,8,and 13 TeV |
68% CL contours

LHCb, all channels, 4.9 fb”'

ATLAS, J/wK'K", 99.7 ib”

Events / 50 um

Pull

-0.2 0 0.2
¢, [rad]
CMS 96.4 b (13 TeV)
104""]"[ LN L B BB B
E ¢ Data
3t — Fit
10 i --- Signal
No, ™y e Comb. bkg
102 — - Peaking bkg

—_
o

1 IIIII|_|J | [lLIIIIl | IIHIJIl | IIIIIII| 1 IHIILLE

107, ! | ! S
0%@% A :
-5 , , , , 3
01 02 03 04 05

ct (cm)




" #$ " I%

©68% CL contours
(Alog £ = 1.15)

CMS 116.1 fb~!

COF 60"
0.09

LHCb 4.9 fb~1
0.07

ATLAS 99.7 fb~!

e N 0.3 | 0.1 0.3

| /¥ K[rad]



CMS Preliminary

140 fb'(13 TeV)

140~ o Data Full PDF
- B o R BY -
T e Combinatorial bkg ---=== Semileptonic bkg
120__ ————— Peaking bkg
100
O
To}
< 80
(e»] -
o L
2 60f-,
c [~
L L
40—
20["
0_||Il||||||| T8 W ol e B O | r.
49 5 51 52 53 54 55 56 57 58 59
m,.,- [GeV]
> % >0;>- -:<% $
E
F o +7 (#1
G 6 #T#
; H# 7(#1 71, ;
J _ % 1 1

140 fo™' (13 TeV)

x107°

200
CMS
Preliminary
130
1507\ 126
i
£
|
3100
o\
N \
50 \ //
OIIIIIIIIIIII Il | N I T O I I |
0 1 2 3 4 5 6 7 8

B(B? - uu)

%

CMS preliminary

140 fo' (13 TeV)

—§— Obse.rved

- ==~ Expected

7] Expected

(med.)
(x1s.d.) [

—18x 107 ati90%

) 1o —1.9x 107" at 952
LI it S
1072
0.05 0.1 0.15 0.2 0.25
B(B" — pw)

Gl g
0.3 0.35




& &

& &




&% $ '

$ % 6 E
F K
LLL"1+7 "1## $ "1L/ (#1
1/M"L1#L  "11L $
s = $ $ 9




>0;>

2

% :2




&% $ (% I # % )*+ _ "

> 2 +#11 % 6
6 K
+#11L" "MHES "1+
& % 2 $
$
2
N #7 O
2 2 71, ;
P2 2 % $
( % $ 2 $ L




234
I"#3$$%0

%

" (

1&'$$%

"%

(%

(

)

5

%

-./001

%

( (

$ %

%*lll

1!







Resonant J/ pair production observed by LHCDb
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 J/ pairs production has been studies by LHCb
near the threshold. Signal of possibly resonant
nature observed at m=6.9GeV;

* Interference effects potentially play a significant
role;

» Signal is consistent with 4c tetraquark hypothesis,
further studies are ongoing;

o ATLASplans to study this kinematic region;
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Measurement of J/  + W production; 1. $0 11$1$% $#2
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