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WO Outline psthles

= Physics motivation: B¢ 4 — u+,LL_

= ATLAS experiment and data samples

= Analysis:
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= Backgrounds (and suppression)
= Signal Fit Result
= Normalisation mode:B¥ — J/¢ K=
= Branching Fraction Calculation
= Systematic Errors
= Result

= Summary
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W) QATLAS

EXPERIMENT

PHYSICS MOTIVATION: B, g — p™ ™
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W Bya— putp GATLAS

= Rare decays: excellent probes for new physics (NP).

= Suppressed standard model (SM) decays like FCNCs can
exhibit large effects beating against small NP amplitudes.

+ b
b + T
0 0
Bd,s t v Bd,S
ANANANANANANAN
d)s / W— \,\M_ d’s

= SM rate is theoretically well known:
B(BY — p p™) = (3.65+£0.23) x 1077
B(BY — pt ™) = (1.06 £0.09) x 10 Y

Bobeth et al., PRL 112 (2014) 101801 (arXiv:1311.0903)

= NP can enhance or suppress this rate.
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ATLAS EXPERIMENT AND DATA
SAMPLLES
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W The ATLAS Detector SO

Trigger:
* 3-levels
* Reduces rate from 40MHz
to 200Hz

Hadronic Calorimeter:
* Coverage: n| <5

25m * Fe/Scintillator tiles (central)

* Cu/W-LAr (forward)
Tile calorimeters * Trigger’ Jet and MET
l\ ! LAr hadronic c::nd—cap and measurement‘
________________________ Pixel defector OV calorimeters o ( E) 50%
Toroid magnets LAr electromagnetic calorimeters — @ 003
Muon chambers Solenoid magnet | Transition radiation tracker E \/ E
Semiconductor tracker
Muon spectrometer: (MS) Inner detector: (ID) LAr Calorimeter:
* Coverage: | <2.7 * Coverage: n| <2.5 * Pb-LAr accordion structure
* Air core torroids (<B> 0.5T) * Solenoid B = 2T * ¢/y trigger, identification
» Gas-based muon chambers * Si Pixels, microstrips, and and measurement.
. on;/ldes ln(;};On trigger (Tl?T straw tracker system. 0( E) 10%
*o(p)p ~ 0 o(pr ) — 7~
~ 3.8 x 10 GeV') @ 0.015 \/
o7 pr( ) E F
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WO Data S&IIIEICS SALLAS
= Excellent LHC (& ATLAS) performance during Run 1
data sample: 4.57 fb~1at 7 TeV; 20.4 fb~1at 8 TeV

w 2000 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "T— N T 1 1 1 1 1T 1T 1 1T 177 T 1 1 1 1T 1T 1T 1 1T 17 T 1 1 1 1T 1T 1T 1 1T 17 |
% 18005— \Ns=7TeV \Ns=7TeV Vs=8TeV o 10— \s=7TeV \s=7TeV Vs=8TeV ]
S eoE_ATLAS E [ ATLAS ]
= = Online Luminosity 3 — Online Luminosity ]
é 1400 E_ » G — s .‘9_ : > %
S 1200 = - Z L a
© 1000 - == g o !fﬁ: 3
800 — "L am = : 5 C . ) 7
600 = - - s 'F ol : P E
400 r == . -t S r. i N R
200~ g " - - C o s® -
OL_““II L ol g g . LA T H 0_| L dmnlemn b dann— iR | ! |‘|‘r|l.| |.| L1 L1 e | ® |'|ﬂ'|.Pr
yat pet W odt g pet Wb oct gt pet W ot @Rt W ot gt pet W odt et pef W ot
Month in 2010 Month in 2011 Month in 2012 Month in 2010 Month in 2011 Month in 2012
L B BB BB B BB This result uses the full Run 1 data sample
- ATLAS -
251 Preliminary 2012, \'s = 8 TeV & supersedes the previous ATLAS result.
- . LHC Delivered Delivered: 22.8 fb™'
20 . Recorded: 21.3 fb™ . . . .
" [JATLAS Recorded Physios: 203 1 Run 2 at the LHC is continuing; taking

~ [l Good for Physics data again from the end of March.

—_
o1

2011,Ns =7 TeV

—_
o

Delivered: 5.46 o'
Recorded: 5.08 fb™'
Physics: 4.57 fb™

ATLAS has been upgraded with an inner
pixel layer (IBL) during the shutdown:

will improve background suppression for
0

0 pot W oct yad ot W oct Run 2 update of this analysis.
Month in Year

Total Integrated Luminosity [fo]

[¢))
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W Overview GATLAS

= Signal:
= Select signal di-muon events from data.

= Extract yield using an un-binned extended maximum-
likelihood fit to the data.

= Use control samples to understand background
suppression BDT and other crosschecks.

= Normalise signal to BX — J/iK=.
= Requires knowledge of decay constants f /f, and f /f,.
= Use the ATLAS result for f./f, and assume Isospin:
fs/fa = 0.240 4+ 0.020

ATLAS Collaboration, PRL 115 (2015) 262001 (arXiv:1507.08925)

= Check normalisation mode against BX — J/¢n~.
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: SATLAS
W) Trigger

e g g EXPERIMENT

= Use a di-muon signature in the MS to form triggers for
these decays.

= 2011 data: pr(u) > 4GeV

= 2012 data:
= The pr(u) > 4 GeV line was pre-scaled.

= Secondary trigger lines were used to avoid some
efficiency loss; using tighter P or |n| constraints.

T:: “higher threshold” trigger with pr > 6 GeV and > 4 GeV respectively for the two muons;

T,: “barrel” trigger with pt > 4 GeV for both muon candidates and at least one of them with || < 1.05
(and T7 requirement not satisfied);

T5: basic di-muon trigger with pr > 4 GeV for both muon candidates (and 77, 7, requirements not
satisfied).
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W Event Selection b

= p* Tracks using ID and MS information
pr(p) >4GeV n
| < 2.5 "

— Az —

= B: Pr(B) > 8GeV B
‘77| <25 ___i//: __’ —_ _—
My € [AT66,5066] Gey ~— @ @@ @

= Primary Vertex (PV):

= Reconstructed using tracks not associated with
secondary vertex.

* Project B 3-vector back to collision axis.
= Minimise (in z) POCA to PV..
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SATLAS

EXPERIMENT

o
W) Backerounds

= Extraction of limit or branching fraction (B) depends
critically on our understanding of the background...

= Combinatoric events:

= Pairs of independent muons selected from the event that
pass the reconstruction.

= Partially Reconstructed decays (PRD):
B?S) —utum X
The system Xis not reconstructed; accumulates on
the low mass sideband.

= Peaking background:
B, — hh'
(s)
* Mis-id the hadron (h'=m, K) as a u pair.
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EXPERIMENT

e
W) Backerounds

= Partially Reconstructed Decays:

%350:|"'|".'|.~' T T T 7T 773 Same Vertex (SV):
é 3001 ATLAS Simulation - i pair from se_1|_me _Vertex; c.g.
> - [_] SV background ] b — S, C]J/¢
5 2507 [_] SS background 4 Same Side (SS):
TR [ Semi-leptonic background 1 from decay cascades; e.g.
I B. background : b Cly — s(d),u,uuﬁ
150 Bl -y E
100 4 Semi-leptonic:
- with hadron mis-id as p; e.g.
50 =
. B — huv, Ay — puv
0 I R ]

4800 5000 5200 5400 5600 5800
Dimuon mass [MeV]

e.g. B. — J/Yuv — 3uv

= Several competing contributions:
= Dominated by same side (SS) background.
» Feeds into the signal region from low mass side.
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W Backserounds GAILAS

= Two body decays: B( ) — hh'

% 006__| T T T | T T T | T T T _|:

= - ATLAS Simulation 1 ¢ Dangerous background that can

S o050 __ Blinded region_ _ 1 mimic signal.

> - N ~i — Total B>h*h"

S 0.04F : -B—KW 1« Use fake p BDT to suppress

Lﬁ B —B(S)%K-'-K _ th' t ’b t'

S T B0 e : is contribution. |

0.03 Bkt *u fake rate sub-per-mille
0.02F —  * Negligible contribution from

Q1800 5000 5200 5400 5600 5800

Mass of two misidentified muons [MeV]

= Poor separation between B, and B, mesons.
= Expect 1.0£0.4 events of hh’ background.
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W Backgrounds bty

= Use a boosted decision tree (BDT) using 15 variables for

combinatoric background suppression:
= EEELELEE B L B B B B B BRI B
3 0-16¢ o 2012 sidebands ATLAS e
= 0.14F — Combinatorial bkg MC Vs =8 TeV, 20 fo"'
© -

r---B -] ]
< 0.12f ¥ -
= F—SS +SV (noB) .

0.1 -
0.085;;; s _:
0.04f s i 3

0.02F

9

<8 /l.?% //////
8 iy
0.2 04 06
BDT output

» Use B¥ — J/yyKTand B, — J /¢ control samples to
validate data/MC agreement.

= Data/MC difference accounted for as systematic error.

= Split the data into bins of equal expected signal yield
(increasing purity).
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WO Signal Fit Result b
= Fitted S|gnal ylelds are N(B )=16x12, N(Bd)-—1 119 events.

> T ' 1 | 7 > L l g
] o) =
o — I0tla i ] o R _:
S MR (s=7Tev,49f" Combinatorial bkg] N BH  js=7Tev, a9t Combinatorial bkg -
S q00f-) Vs=8TeV, 20 fot SS-SV bkg E = 30B\| [ys=8TeV,20fb" SS-sv Pkg =
> - -Bs_>M+M_ ] > C -BS_)MM .
w C ] w25 -
80;_ 0.240 <BDT <0.346 A o0E- 0.346 <BDT <0.446
60 - E E
" + + ] 15 -
: ;
201 t 3 S A A WK A | :
Cl . .......n --------- PN RN SN NN NN AN TN N A S S J: :l e Mkl LIT P | TN S SN SN 4 B B
91800 5000 5200 5400 5600 5800 91800 5000 5200 5400 5600 5800
Dimuon mass [MeV] Dimuon mass [MeV]
% FrTT T T T T T T A
s 18 ATLAS —— 2011-2-012 data _:
o —— Total fit ]
:\": 16 Vs=7TeV,49f" - Combinatorial bkg .
£ 40| (s=8Tev,20f0" - SS-SV bkg E
noo12 B B — ' w E
i ]
10 0.446 <BDT <1.000
81 -
6 =
4F E
2:_ e 0 | | [ ) | E
| TLETESTERRRI. R ~ i
4800 5000 5200 5400 5600 5800
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Y Normalisation Mode: B — .J /1) J{ = rles

- 16000—1— T 1 T e L O
= 4 Ciomponen’iflt. 3 O aTLAS ot -
= — Total fit resu n
B = J/YK S 12000E- 5 =8Tov, 2.7 1" e
B:I: — J/Qpﬂ-:l: *% 10000— 1 .. Combinatorial bkg—
2 8000E- T, category — B > Jyp =
Combinatoric background 6000;_ _;
Partially reconstructed decays 4000 E
2000F- - ... 7T =

Category Njyk+ 0 :
Ty 46860 £290 + 280 & g_ é____,__*_f., Y ok
T,  5200& 84+ 100 RTEAE A A
T3 2512+ 91+ 42 5000 5100 5200 5300 5400 5500 5600
2011 95900 + 420 + 1100 My, - [MeV]

* Validated by computing the ratio:
_ B(B* - J/yn™")
PrIK = QB S JJWK™)

= c.f. PDG average of 0.040£0.004.
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GATLAS

Y Branching Fraction Calculation EXPERIMEN

= Several trigger lines are used for this analysis; these are
accounted for via:

Ju o 1
fd(s) Z)norm

BBy — 1" 1) = Nago)[x [B(B* = JWK") x BUy = p* )] x

Eutu-
= where Dnom:Z]N}c/lpK’I“k (&) .
k k

EJ YK+
fo/fa=0.24040.020 and f,/fa =1

g; are efficiencies for signal/normalisation
Qi are trigger/luminosity weight factors

= and the‘Ni are yielz\obtained from the fits.
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GATLAS

W Branching Fraction Calculation DXPERMENT

= Several trigger lines are used for this analysis; these are
accounted for via:

Ju o 1
fd(s) Z)norm

B(B(y— K 1) = Nais) X [B(B* — JIWK*) x BU/Y — pp)] X

Eutu-
= where z)nom:ZN}/ oo | 1 .
k d EJ IWK=* )|k

fo/fa=0.240 £0.020 and f,/fq =1
‘82' are efficiencies for signal/normalisation
Qi are trigger/luminosity weight factors

= and the NV, are yields obtained from the fits.
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WO JATLAS

o Branching Fraction Calculation EXPERIMEN

= Several trigger lines are used for this analysis; these are
accounted for via:

Ju o 1
fd(s) Z)norm

B(B(y— K 1) = Nais) X [B(B* — JIWK*) x BU/Y — pp)] X

Eutu-
= where o - Ny T 12244 | .
o Zk: TWEL ) e5puk=]

fo/ fa=0.24040.020 and f,/fa =1
g; are efficiencies for signal/normalisation

P————————————

|0k are trigger/luminosity weight factors |

= and the NV, are yields obtained from the fits.
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W) Branching Fraction Calculation ¥4

= Several trigger lines are used for this analysis; these are
accounted for via:

F—

1
BB, — 1 1) = Nags) X [B(B* — JWK®) x BUN — )] ¥4 L
fd(s)J Diorm

Eutu-
= where Dnorm=ZN}‘/¢,K+ak SR
I___k___ ELMKE J e

£,/ fa =0.240 £ 0.020 and fu/fa =1 |
52 are efficiencies for signal/normalisation
Qi are trigger/luminosity weight factors

= and the NV, are yields obtained from the fits.

l See talk by Artem Maevskiy this afternoon for
more detail regarding the f/f; analysis.

The ATLAS f/f; analysis matches the fiducial
selection for this search.

| S —
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ATLAS

) Branching Fraction Calculation ¥4

= Several trigger lines are used for this analysis; these are
accounted for via:

Ju o 1
fd(s) Z)norm

BBy — 1 17) = Nagsy X [B(B* = JIWK*) x BU/Y — p* )] X

Eutu-
= where z)n(mn:ZN}/ cea | 2
k d EJIWK=*] g

fo/fa=0.24040.020 and f,/fa =1
g; are efficiencies for signal/normalisation
Qi are trigger/luminosity weight factors
= and the NV, are yields obtained from the fits.
B(Bg —ptp~)<42x1071
BB, — ptp™) <3.0x 1077
B(Bs — pt ™) = (0.9%51) x 107°

(@ 95% C.L.)
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GATLAS

W Systematic Errors EXPERIMENT

= Statistically limited measurement.

= Main systematic contribution from continuum BDT.

BBY > ptu) BB - ptp)

Scale uncertainties

BB — J/YWK*) x B(J/Y — up) branching fractions 3.1% 3.1%

B)/B* production ratio 8.3% 0

B* yield and BY)/B" efficiency ratio 5.9% 5.9%

Relative efficiency of continuum-BDT intervals 9% 9%

Signal and background model 6% 0

Total scale uncertainty 16% 11%
Offset uncertainties

Signal and background model 0.2x 107 0.7 x 10719
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W Result GAILAS

= ATLAS is consistent with the SM, LHCb and CMS.
"\A'FL'A's”"
\s=7TeV, 4.9 b

\s=8TeV, 20 fb™

99.73%

|

| ATLAS Contours for -2 Aln(L) = 2.3, i
_0_2k\ 6.2, 11.8 from maximumof L _|
N N e N N
0) 1 2 3 4 ) 6 7

B(Bs — u* 1) [1077]
= Room for NP destructively interfering with the SM.
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W Summary QATIAS

= Presented results for the ATLAS search for B, g — put ™
using Run 1 data from the LHC.

= \We obtain:

+ ., - —10
B(Bg— p"p) <4.2x10 (@ 95% C.L)
BB, — ptp) <3.0x107°

B(B, = p*p”) = (0.9751) x 1079
= Compatible with (lower than) the SM (p-value of 0.048).

= Compatible with (lower than) the other LHC experiments.
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W) Fake ¢ BDT sttt

= Critical aspect of the analysis:

= Get this wrong and you could fake a signal/destroy
your sensitivity to NP.

1. Absolute value of the track rapidity measured in the ID.

2. Ratio g/p (charge over momentum) measured in the MS.

3. Scattering curvature significance: maximum variation of the track Use the fOHOWlng control

curvature between adjacent layers of the ID. samples to validate the
4.  x? of the track reconstruction in the MS. performance of the fake u
5. Number of hits used to reconstruct the track in the MS. BDT:
6. Ratio of the values of g/p measured in the ID and in the MS, corrected BT — J /w KT
for the average energy loss in the calorimeter.
7. x? of the match between the tracks reconstructed in the ID and MS. QS — K + K B

8. Energy deposited in the calorimeters along the muon trajectory obtained
by combining ID and MS tracks.

= Punch through @ 3% (8%) level for K ().
= Fake rate @ 0.09% / 0.04% / <0.01% for K/ 1T/ p.
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Continuum BDT SAILAS

o
Variable Description : : .
d Validated using:
p? Magnitude of the B candidate transverse momentum ?? .
X%v DV xy Significance of the separation Ax between production (PV) and decay (DV) vertices in the B :|: ; J Z—S :|:
transverse projection: BT D 'A—,XT, where ZS" is the covariance matrix.
Axy AT
AR 3-dimensional opening between 72 and Ax: Vaap? + An? B ; J / w ¢
|@2p] Absolute value of the angle between?‘; and Z;T (transverse projection). S
Lyy Projection of A—)xr along the direction of ?? : (BT 77'? )/Fp’%’l. .
1P%D 3-dimensional impact parameter of the B candidate to the associated PV. ContrOI mOdCS and Sldeb ands .
DOCA,, Distance of closest approach (DOCA) of the two tracks forming the B candidate (3-dimen-
sional).
. o i et al . . . . =) L L L L B
Adyy ?;rfli;ieir(;a;;e in azimuthal angle between the momenta of the two tracks forming the B 5 1 ATLAS « 2012 sidebands -
P o - . o _ 2 ~ p Combinatorial bkg MC=
o sig. Significance of the larger absolute value of the impact parameters to the PV of the tracks 5 101 V\s=8TeV, 20 fb B. — u* u" MC _
forming the B candidate, in the transverse plane. Z s Tt E
|do|™™ sig. Significance of the smaller absolute value of the impact parameters to the PV of the tracks 102 |
forming the B candidate, in the transverse plane. &
Py Value of the smaller projection of the momenta of the muon candidates along ?? . 10-3 _
V% Isolation variable defined as ratio of I??I to the sum of pf | and of the transverse momenta § 3
of all additional tracks contained within a cone AR < 0.7 from the B direction. Only tracks 104
with py > 0.5 GeV and associated to the same PV as the B candidate are included in the = j
sum. 1075v..xc 1 1 1 L P Qo
DOCA /& DOCA of the closest additional track to the decay vertex of the B candidate. Tracks associated »
to a PV different from the B candidate are excluded. D 15 E E
= 5E E
:f’;’k“ Number of additional tracks compatible with the decay vertex (DV) of the B candidate with ~ — 1 et - :
In( Xiuk_DV) < 1. The tracks associated to a PV different from the B candidate are excluded. % 0.5 ? *
2 « o 2 PRCTICTT . . . 1. . . . D o0& : : : : : : : : : =
Xy xPV Minimum y~ for the compatibility of a muon in the B candidate with a PV different from the 01 02 03 04 05 06 07 08 09 1

one associated to the B candidate.

low,pl [rad]

Data/MC discrepancies do not significantly alter the BDT performance
and are accounted for in the systematic error reported.

DIS 2016 DESY
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wQf

()_> *0 * N +
fs _ Noy BB = WK BEK - Kin) @AMA

fa NBo BB - J/y¢p) B¢ — K*K")

IE:@ talk by Artem Maevskiy this afternoon
l for more detail regarding the f/f; analysis.

% 1 600 :_ T T T T I T T T T ] T T T T I T T T T I T T T l—:
O o e Data ATLAS ]
Q 14001 — ;:} Jhvo signal 2.47 fo! E
@ 1200 Residual bkg. ppis=7TeV -
& - Peaking bkg .
2 1000 : =
w C ]
8001 =
600 =
400F =
2001 =
: {1 4 . l -l e l--”l' I 1 1 i 1‘\.--4 { RS - L
83 5.2 5.3 5.4 5.5 5.6
JWK'K candidate mass (GeV)
T I T T T T I T T T T I T T T T I T T T T I T T
— ATLAS [ ]f/f,HFAG average  —
| ATLAS — :
(s=7TeV Te— 7
| LHCb (hadronic decays)  — |
Vs = 7TeV ————— E
| LHCb average |
Vs=7TeV '3
| CDF ___ N
Vs=1.96TeV 5
LEP (HFAG average) ]
R \E Tz 1 | ol |
0 1 0.15 0.2 0.25 0.3 0.35
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f/y

Events / 0.01 GeV

EXPERIMENT

ATLAS Collaboration, PRL 115 (2015) 262001 (arXiv:1507.08925)

3000

2000

6000 —l T l T T T T l T T T T ] T T T T l T

-« Data ATLAS

o Fit §
S000F .. BS— JiyK™ signal 247

5 Residual bkg. pp (s =7TeV
4000~ mmm Partially rec. decays

= Peaking bkg.

1000

s:'llll[lllllllllllllllllllllll[

% 5.1 5.2 53 5.4
JWK'nw candidate mass (GeV)

5

* ATLAS uses a complementary method
to LHCb 1n order to measure f /1.

*Use By — J/YK*& By — J/v¢.

* Results are in good agreement with
each other.

fs/fa = 0.240 £ 0.020 2
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CL. limits SATLAS

T T Y TR Gl s T
.. Observed ClLs+b
—$— Observed CLb

----- Expected CLs - Median—
[ ExpectedCLs =10
|:| Expected CLs 2 o

ATLAS

1 I L L L l LI B I L B B | l LI B A L I I LI B A | [L&’ lc|:s L l Ll _l
s Observed Clssb  —
—4— Observed CLb B

p value

o © © © © © © ©o ©
—- N w S (9] (=] ~ (o0} ((e]
llllllll
p value

—

0.8 [ Expected CLs =10

D Expected CLs £ 2 o

IIlllIll lllll

06  ATLAS
"g = 7 TeV, 4.9 f't-)1 : \IS =7 Tev’ 4.9 fb-1:
R 20 fb” 2 04 \s =8 TeV, 20 fb'

0.2

llllllllllllllllllll

.,

I_IllllIlllIllIlIllllIllllllllllllllllllllllll

Illlllllllllll

OO

5 6 74 5 5 7
B(Bo — ut .u_) [1 0-10] B(Bg — ut ‘u-) [1 0_9]

B(Bg — ptp) <4.2x 1071
B(Bs — putu™) <3.0x107?

(@ 95% C.L.)
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ey ATLAS Experiment bty

= Over 3000 Physicists from 177 institutes in 38 countries

Armenia
Australia
Austria

Slovakia
China Slovenia
South Africa

Collaboratio.n
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W ATLAS Detector b

Inner Detector (ID) consists of:  Provides:

Pixel detectors Precision tracking and vertexing
Semiconductor Tracker (SCT)
Transition radiation tracker (TRT) New for run 2:

Small radius pixel layer (IBL); expect
improved d,, lifetime resolution etc.

Inner detector: (ID)

* Coverage: n| < 2.5

* Solenoid B =2T

* Si Pixels, microstrips, and
TRT straw tracker system.

o(pr)
" End-cap semiconductor fracker pr

2.1m

~ 3.8 x 107 *pr(GeV) @ 0.015
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W ATLAS Detector pistiic

Calorimeter consists of: Hadronic Calorimeter:
LAr barrel and end-caps * Coverage: [n| <5

Til lor * Fe/Scintillator tiles (central)
1le calorimeter * Cu/W-LAr (forward)

* Trigger, Jet and MET
measurement.

Tile barrel Tile extended barrel 0} ( E ) 50%
laY)

5 VB

@ 0.03

LAr Calorimeter:

* Pb-LAr accordion structure
* ¢/y trigger, identification
and measurement.

o(FE) 10%
E VE

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr eleciromagnetic
barrel

LAr forward (FCal)
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) ATLAS Detector AL

Magnet systems consists of:
Solenoid (surrounds the ID; provides B = 2T)
Torroid (embedded in the muon system; provides <B>~ 0.5 T)
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) ATLAS Detector AL

Magnet systems consists of:
Solenoid (surrounds the ID; provides B = 2T)
Torroid (embedded in the muon system; provides <B>~ 0.5 T)
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ATLAS Detector VLT

Muon system consists of:

RPCs

Monitored Drift tubes
Thin gap chambers
Cathode strip chambers

Provides:
Muon 1dentification
Tracking information

Muon spectrometer: (MS)
* Coverage: n| < 2.7

* Air core torroids (<B> 0.5T)
» Gas-based muon chambers

* Provides muon trigger
*o(p)/p ~ 10%

DIS 2016 DESY

Thin-gap chambers (T&C)
- » Cathode strip chambers (CSC)

Barrel toroid

¥ Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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