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4 ™
The ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
a9 1

General purpose
HEP detector

- Inner detector and
muon system

" crucial for heavy

flavour studies

Toroid Magnets  Solenoid Magnet | SCT Tracker Pixel Detector TRT Tracker

Overview of ATLAS results: J. Kroseberg, Friday 9:00

Hard Probes of QGP : T. Kosek, Thursday 18:40 e
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Inner Detector

Tracking detector in 2T solenoidal field
3 subdetectors (resolution):

* Pixels: 10/115 pm in RQ/z

* Silicon strips: 17/580 pm

* Transition radiation tracker: 130 um

21m

End-cap semiconductor tracker

e X
4.5 Z-puMC .. . . .
& E o ATLAS Preliminary ID provides about 3 pixel, 8 strip and 30
@ 4:_ FWHM/2.35=5 um -* Pixel barrel _O
§ a5 om ckp. > 25 GeV TRT measurements for a track at n=
§ b FwaMeseum P ID coverage: |1]<2.5 (2.0 for TRT)
T 250 . Resolution goal:
2 o © — W W
15:_ Oo i O-pT pT D 0005 OpT @ ]- O
1 PR
- - o,
0.5 S %
- W= SR, —
01 "0.05 0 0.05 0.1

Local x residual [mm]
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Muon System

Precision tracking chambers
Thin-gap chambers (T&C)

and trigger chambers
® Monitored drift tubes

Cathode strip chambers (CSC)

B ® Cathode strip chambers
-
I ® Thin-gap chambers
5
> ® Resistive plate chambers
Barrel toroid | ;7 | <2 7
chambers (RRC) Magnetic field of 38§ air-
End-cap toroid
Monitored drift tubes (MDT) core tOI‘OidS

O'pT/pT = 10% at Pr = 1 TGV
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ATLAS flavour physics programme

* General purpose detector
carrying also solid flavour
programme:

® Production and decays
® Spectroscopy

® Rare decays

e CP Violation

* Impossible to cover all in
20’

® Personal choices made

* Complete list of results at

bl

Total Integrated Luminosity [f
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2011,\Ns =7 TeV

-
o

Delivered: 5.46 fb™
Recorded: 5.08 fb'

2012, \s =8 TeV

Delivered: 22.8 fb”'
Recorded: 21.3 fb™'

o)

IIII|IIII|IIII|IIII|III

yott o

twiki.cern.ch/twiki/bin/view/ AtlasPublic/ BPhysPublicResults
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4 N
Observation of Excited B.* Meson State

* B_: bound state of (b,c) PRL 113(2014)212004

* No states above ground state B_(15)
have been previously observed

® Spectrum can test TH predictions (NR
potential models, pQCD and lattice)

e Search for B (2S) 3B _(1S)m" 1w

* B(IS)> /Yy m*, J/p>u u’ T pr(r) >4 GeV
® J_vertex event - clear dimuon _ _
signature T me e 70
L7250 _127< 7372 2 276 7271
® Systematics cancelled if looking at E PO e o
[6855 0987
mass difference = 680£:68-| g 720 95
E & !
s I ;
Q — m(BéI:T("]T) — m(Bét) — Qm(ﬂ-) 6400 -—6\¥1 6338 B, Mass Spectrum
6000 ; 0

1 3 3 3 3 3 3 3
8.8, P BB R, R,
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Observation of Excited B.* Meson State

PRL 113(2014)212004
® Signal observed on both 2011 and 2012 data

®* Q=(288.313.514.1) MeV, M=(6842141F5)MeV

® Widths consistent with ATLAS resolution

® Combined significance 5.20

> L L L L B L A > 40— T T
) o 3 ) ]
S 18 ATLAS Qg = 288+5MeV S 50 ATLAS Qg ,, =288+5MeV -
8  1ef ’ o, =18+4MeV 3 S ) Gy =18+4MeV :
- C | Ldt=4.91fb o " 3 > 30 ILdt=19.2 fb G
€ 14~ " \s=7TeV * Ncht=22—6 — € \s=8TeV
oy H = o
> - @ Data e > ® Data
il 12: m  Wrong-charge i H m  Wrong-charge
10F combinations = combinations
: :
3 |
T 500 600 700
m(B_rm)-m(B,)-2m(r) [MeV] m(B_nx)-m(B_)-2m(r) [MeV]
AN w// ig
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: PRD 90(2014)052007

New Physics in B,>J/W O

V — >2000:‘-"'[""I""]""l""I""l""l""l""]"'-‘;
b Vie w s - S ABO0E-ATIAS. o . 8 v
Bo' ] u,c, u,c,t [l ] Bo B 1600 J-Ldt el ":fg:j;wK° Background —;
______ y— s E 1400F :
s Vie W 'V, b “ 1200
1000;
* Explanation of matter-dominated 800}
600
universe requires CP violation much 400;
. 200F
beyond the SM/KM mechanism .
e CP Violation occurs in interference a0 it dudodld o I
g: 104 §_ s Tgt:l Fiit » =
between direct decays and decays via B, 3 e
mixing g L =L
w g ATLAS
- i J‘L‘dst::.;ef\é'
® 2 parameters determined: e i E
VisViy, 10F
APS — PL — FH b, = -2 arg[ VCSVc*b I

(fit-data)/c

L AOMLOLNW
T

0 2 4 & 8 10 12
B, Proper Decay Time [ps]
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New Physics in B.>J/W ©

Flavour tagging B or B
Time dependent

angular analysis

25 parameter

unbinned max.

likelihood fit
Results from 7 TeV

data consistent with
SM as well as with

other experiments

AT [ps_l]

8 TeV data analysis
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PRD 90(2014)052007

0.20F - ' i 5 : =
DO 8 fb HFAG
0.15} ]
68% CL contours
(Alog L = 1.15)
o.10l CMS 20 b
3fp~"
0.05}
CDF 96 fb! ATLAS 4.9 fb™
0.00}, . . . . . g
-15 -1.0 -05 0.0 05 1.0 1.5

¢$° [rad]
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Glossary: Hidden/Open Charm/Beauty

Hidden flavour: B
® No net charm/ beauty: CcC bb
Open tlavour:

® charm or beauty is not compensated:

DY =cd D°=cu D° =¢cu D~ =¢d.
B:f — ¢b, B_ =¢b,

4
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Hidden Charm/Beauty

Glossary
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Glossary: Open Charm/Beauty
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Search for the X, and Other Hidden
Bea Uty States PLB 740(2015)199-217

® X(3872): narrow resonance

discovered by Belle -
® (Called Hidden charm, but its do«
nature not clear, interpreted n
as molecule or tetra-quark @[ﬁ
® Heavy quark symmetry D°-D™ “molecule”  Diquark-diantiquark

suggests existence of Hidden

Beauty around 10.5 GeV

® ATLAS performed search: Xp — 7T+7T_T(1S)(_> I ,U_)
® Reference mode: T(ZS) — 7T+7T_T(1S)(_> :LL+N_)

_|_
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Search for the X, and Other Hidden Beauty

States PLB 740(2015)199-217
® Reference modeY(2S)
® 10 MeV step scan

- S L L I L L A
between 10 and 11 GeV & ATLAS — Observed

E10-  \s=8Tev, 1621 - ﬂed::ngmemed —
[ ] f - T Tic _
Narrow peak searched, o — e :

b (=B
with 3—bo.dy. phase space >t :
characteristics o 1 ]

5
® No signal found ® r -
® Limits few % (most 102k i
restrictive above 10.1 - .
|

I 1 L 1 I 1 1 1 I 1 1 1 I 1 1 1 ] 1 1 1 l 1 1 1
10000 10200 10400 10600 10800 11000 11200
GGV) Parent Mass [MeV]
® Other decay modes

under studies

NV
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Chamonium observatix@f
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Bormionium

SRS
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Y(25)

Y(3S)

x10°
LI I D [N DN SN D ZIa NN ENE R B N N R e e

_ATLAS Preliminary =~ Data2011

— Signal fit

3
40_V's =7TeV IL di=024 ... Background fit

L Barrel + Barrel
-

N(Y o) = (74.12 0.5)x 10°

Events /(0.1 GeV)

a(Y ) =0.11920.001 GeV

™
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Glossary: Prompt/Non-prompt production
PP

4

Prompt:
°pp> /0 _
® Feed-down from other CC

® Vertex displacement
below detector resolution

Non-prompt:
® pp @ b-hadrons 2 J/¢

* Displaced decay vertex

Bormio 2015 Z.. Dolezal
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Glossary: Prompt/Non-prompt production

Prompt:
°pp2> /Y
e Feed-down from other CC

® Vertex displacement below
detector resolution

Non/ prompt:
® pp 2 b-hadrons 2 |/
* Displaced decay vertex

Pseudo-proper lifetime serves as a
discriminant

T = Lazymu+u_ /pT

Bormio 2015 @

LN WL NN BNLRNLENLEN BN N
107E-ATLAS —t— Data
Vs=7T 1fb™ m— Fit

10° 11<p_<12GpV i2172 Prompt Signal
\ Iyl < 0.75

| Non Prompt Signal
===« Prompt Bkgd
10* == Non Prompt Bkgd

&t

LA L O N W=
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Why quarkonia®?

Motivation:
* Tests of QCD at the perturbative/non perturbative boundary

* Important input to background estimates for Higgs and other studies

Models available:
Prompt:

* NLO NR QCD (CO: colour octet, CS: colour singlet)
® k. factorisation
* LO CS mechanism
® Colour Evaporation Model (CEM)
Non-prompt:
* FONLL (fixed ordertnext-to-leading log)
e NLO

Bormio 2015 e Z.. Dolezal
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Production Cross section of Y(295)

Clean: not affected by feed-down JHEP 07(2014)079
Good agreement with CMS and LHCb / Sensitivity to high pr region

0(25) = J/(— ptp) F e

%, 10’ ATLAS Prorzgst)w(ZS) dat:?3 %, 10° ' A'h_lq'sl Non-prc;mptl w(lzé) éaial

S 10°F \s=7TeV, 216" &~ Iy"I<075 (10 O otk 157 Tev, 211" 8= Iy <075 (<109

S 10 “oe —&- 0.75< |y" |<1.5 (x107) = s - 0.75< |y"®)<1.5 (x10%)

& 10t "-Q’ —— 1.5 |y"*|<2.0 = 10 g PN —— 1.5 |y*®¥|<2.0 =

e o < 102 (s '._'...

2 10°r Vo g 1o i

g\ 10? . 1

> 10 bt ~

b 1A - 5 10 =5

&~ 401 -2

210 e = 10

® 10 * R 103

;\. 10-3 —h— = 4

ERl 2 19

1 108k CMS (37 pb™) |y|<1.2 (x10°) 1 10°F —= cMs (37 pb™) ly|<1.2 (x10%

=z 109 CMS (37 pb') 1.2< |y|<1.6 (x10?) Z 10k — CMS (37 pb’) 1.2< |y<1.6 (x10%) PV

? g —#— CMS (37 pb™) 1.6< |y|<2.4 & ? 1076 = CMS (37 pb') 1.6< |y|<2.4

Q\ 18'8 1 1 lL'-l|Clb Fss pb-l) 2.Osly <4.5 1 1 1 L 1 L1 l : (’j)\ 10'8 1 1 lL'-liclb F36 pb-1) 2'()Sly <4.51 1 1 1 1 11 l

Al
E 567890 20 30 4050 10° E 5678910 20 30 4050 10°
v(2S) p, [GeV] @ v(2S) p, [GeV]

Prompt production Non-prompt PI’OdllCtiOl’l
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Production Cross Section of P(2S)

JHEP 07(2014)079
. NR QCD
Prompt productlon: % 10 Prompt y(2S) data: |y|<0.75 i . Q .
8 L E. o OB INI XX XX X X i
, E T e f
® Good agreement with 8 L o * : :
| o e i SRR G

NR QCD LO and NLO 107 DIN@M5 NLO NRQCD -._-:f;c:o?ss;ﬁaa""

10-3 . NNLO* Col?ur Singlet @ColourlEvaporaEion 1
P Deviations at hlgher PT § 10 E-Prompt y(2S) data: 0'75<]y|<1.5 ' ' i
> 1
® k;,CSMand CEMdo & qpifpe.. . o=
102 = ATLAS T el

not describe data well o7 oV, 2115

10

Theory/Data

10 20 30 40 50 60 70 809010
v(2S) p, [GeV]
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Production Cross Section of P(2S)

Non—prompt
® Good agreement with

predictions at all p

Bormio 2015

Theory/Data

Theory/Data

)
5
o
~
e
S
@
A o
o

10

10

JHEP 07(2014)079

Non-prompt y(2S) dat'a: ly|<0.75

m NLO with FONLL fragmentation
= Fonw

4 NLO GM-VFNS

T TTTTa]

Lt

1 1 1 1 1

1F —e

Non-prompt y(2S) dallta: 0.755|yt<1l.5

ATLAS
Vs=7 TeV, 2.1fb™

T {14

|

J/I RS

T T TTTI]
M o AW T

T
|

lllll

1 1 1

10 20 30 40 50 60 70 80 90107
¥(28) p, [GeV]
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Production of Heavy Quarkonia x., and ¥,

Motivation: JHEP 07(2014)154
() 1 1 x10°
J/1 production studies s 2l
hampered by large feed-down& 185 i5_77ey T 3
from heavier states: ¥ S 16F [la-asn’ + Data =
: . < 14F - =
® Triplet of P-states exists belowg " & == ko .
open charm threshold S 4ob B PromptSignal
% E == Non-prorr.npt Signal Xy E
o Heavy quarkonlum (HQ) &) 0.8:— -PromptSIgnal-xc2 =
: . > 0.6 BEE Non-prompt Signal X
production understanding R e, E
crucial B o :
= =
e 02
. . Cp q 5 . f oo e
HQ difficult to describe: R e TR R
® mass does not justity NR mry) - m'w) [GeV]

approxnnatlon

® detailed HQ measurement

missing B
Xes = J/P(—= p )y
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Production of heavy quarkonia ., and

Results:

JHEP 07(2014)154

e Differential cross sections of
prompt and non-prompt ¥, and
%o, measured

e This is the first absolute
production 7 cross-section
measurements at a hadron collider

® Results compared to predictions:
® Good agreement with NLO
NRQCD
® k. factorization too high
e LO CSM too low

o Strong constraint on quarkonium

models

Bormio 2015

10

T

10"

cJ

10+

Bxdo(y_)/dp. [nb/GeV]

103

10

|
ATLAS
\s=7TeV J-Ldt=4.5fb'1

—4— Data

- - - k; Factorisation
= NLO NRQCD

E== Locsm

Prompt |yJ/W| <0.75

Xeq Isotropic Decay

10

20 30
Pl [GeV]

'ATLAS

\s=7TeV _[Ldt=4.51b"

Isotropic Decay

E=FONLLb - _X
[ FONLL b — % X

Non-prompt ™Y <075

—- Data x,
4 Data
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Production of heavy quarkonia ., and .,

Result JHEP 07(2014)154
esults:
e Differential cross sections of
promptandnon promptxclA A ———
= 0.9 ATLAS Prompt |y '| < 0.75
and XCZ measured 5._ 0.8E 's=7Tev ILdt=4.5 o —4— Data
* Results compared to N g oDy R e A
& 0
dictions: %, 08
predictions: & s
® Good agreement with NLO 0.4
NRQCD gg
® k. factorization too high 0.1 mmm nLO NRGCD
| T SR SN ST TN NN AT TN S S NN SN WA W S S T S, "'
e .O CSM too low 0 10 15 20 25 30
¥ [GeV]
6\\—
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Associated Production of Prompt J/W+W+

JHEP 04(2014)172
® Tests of QCD at the Several effects considered
perturbative/nonP boundary * Single Parton Scatters
® Probes of Higgs sector in e W and ]/ produced

charm couplings and BSM together
models

® Double Parton Scatters
® W and ]/ from difterent

parton Interaction

* W+b(decaying to J/1))

® Prompt |/ (from the same
vertex) production: distinctive
test of QCD frameworks:

* LO pQCD CS (Colour
Singlet) * Pileup of events from

e NLO CO (Colour Octet) different interactions

Bormio 2015 @ Z.. Dolezal




4 ™
Associated Production of prompt J/W+W=

JHEP 04(2014)172
e First observation (5.10) of associated prompt J/¢ and W production

* Both CS and CO underrepresent observed data
* LO pQCD CS (Colour Singlet)
e NLO CO (Colour Octet)

® SPS dominant (but not the only) contributor

. g 0*® .

2' - pp— prompt J/y + W : pp—> W d %) _ pp— prompt J/y + W : pp—> W |

§+ Bos ATLAS, \s=7TeV, [Ldt=451b" 1 o 10k ATLAS, \s =7 TeV, IL dt= 4.5 fb" |
N ] = . ;

= 0<ly, [<21,85<p, ,, <30 GeV 1 e é‘*@ —4- Data 3

'8 r WY Spin-alignment uncertainty

- =% Data

oL N\ Spin-alignment uncertainty
= ; = B$% LO CS including ¥, feeddown -
© [ NLO CO prediction

T

Estimated DPS contribution
7. DPS uncertainty

Po(W+J/y
dy dp

® - \ ] E
g 15:_ ] e ]
) £ -
G _ T

=2 i - -
© : =2 .
o o 5 —f—d 3 :

B >

] >

0 : e

Fiducial Inclusive DPS-subtracted o

J/y Transverse Momentum [GeV] . )©

PP A VT Or Y Y
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4 ™
Associated Production of J/W+Z7°

Subm. to EPJC, arXiv:1412:6428
* Similar study

® Z+non-prompt probes

he b-hadron
t CATLAS

production models | j 1A EXPERIMENT

00000000000000000000000000000000000

® 7/ boson: background
to many other

pI’OCGSSGS

® Single parton scatter
and Double parton

scatter studied
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Associated Production of J/\p+Z7°

Results:
* First observation: Prompt (5 O), non-prompt mode (9 O)

Subm. to EP]C, arXiv:1412:6428

* DPS <29% (prompt) and <8% (non-prompt)

gy T T T T T < L | T T T T
> 'ATLAS, 15=8 TeV, 20.3 fo " 3 ATLAS, \s=8 TeV, 20.3 b
(O] = .
= {8k PP~ PpromptJiy+Z:pp —Z = 108 PP non-prompt J/y+Z : pp — Z
’; —&— Data E— —4— Data
3le g £ st e, | A
N 21 o B \» , .... ] NLO NRQCD CO u >~1 ;—}-—’_!_, DPS uncert.
ol° N NLO NRQCD CS 5| [_] Estimated DPS contrib.
S N T DPS uncert. R o)
— 8 1 [—} d DPS contrib. N
3o ~
x — DF¥:)
= -9 N
= 10
T
=
210"
N
107 S 107
| I 1\ i ! Il Sy Yy ; E—' | 1 1 1 1 1 y ey
2 4 1
10 20 30 4050 , 10° 10 O B0 PR L, [GeV]oz
P; [GeV] T
Z.. Dolezal
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Future Plans

e Still ongoing Run 1 analyses in all areas

* Updates with full Run 1 data:

® Rare decay searches
B, = pp and
B, -2 K'uu
® CPV studies B'>]/W ®

® Run 2 (statistics, better detector, improved trigger)

ATLAS-PHYS-PUB-2013-010
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Summary

* Discovery of the first excited B, meson

e Search for new physics in B’>]/¢ ¢ decay
® Search for hidden beauty states

* Studies of associated |/ + vector boson production both
prompt and non-prompt (QCD tests)

® Heavy charmonium production (QCD tests)
* Y(2S) production

e Future plans
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