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ATLAS Trine Poulsen

| ARGE HADRON COLLIDER & ATLAS DETECTOR

CMS

o Large Hadron Collider (LHC)

® 2/ Km In circumference

ELENA  AD
BOOSTER

® Accelerates protons (and heavy ions) e

® 4 collision points

o ATLAS detector

® (General-purpose particle physics

experiment

® Discovery of Higgs boson in 2012
(with CMS)
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ATLAS Trine Poulsen

MEASURING JETS WITH THE ATLAS DETECTOR

O Track jets from inner
detector
O Topological cluster jets

from calorimeters

® Using anti-kt algorithm I
® R =0.4for small-R jets are invisible fo
® R =1"forlarge-R jets \ ' '

O Apply jet calibrations

® Correct jet energies Ny {

Pixel/SCT detector

and directions
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BEYOND STANDARD MODEL PHYSICS

g X 9 q
o /' (Dark Matter mediator) >Mfw< >WEW<
= Describe interaction
g X 9 q

netween Standard Model

q g
and Dark Matter particles \ v &9999@
N

o Excited quark g q

e Compositeness

Events

o (Gaussian-shaped

e (Generic signal

>
Invariant mass
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COMMON KINEMATIC CUTS

O Jet transverse momentum, p+ n=0
® Fully efficient triggers (usually above ~500 GeV) 6=90° /n=°-38
0=45°
® Top- and b-tagging possible Le=1own=2-44

0=0%—> n:oo

O Jet pseudorapidity, n

. . . c 0.12 7] )
® \\ithin detector material [ ATLAS Simuiaton + Background J0.07 &
2 01 (s=13Tev A m, =550 GeV, g =02 . fé
. © L Single-photon trigger —3/\B ] 2
O Centrality, |y*| = [y;-y,l/2 = goa[- SwoV<mamocey o
| 1_44&4“ , —0.05
® Signal present at low |y*| values O E
0.04} 1
O Invariant mass, m; ool e oo
o . :V vvvvvv AAAAAAAA v' —30.02
® Background fitting possible Y T - A
y =1ly,-y,l/2
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BACKGROUND ESTIMATION

— Fit

-+ Data

¥ Window width

¥ Background estimation

A

O Monte Carlo (MC) simulation

Events

® Hard to get enough statistics
® Modelling uncertainties

B Unknown higher-order corrections

O Data-driven estimation

Events

® Dividing data in signal and control regions

O (Global fit

® Distribution needs to be smooth and

Events

preferably falling
O Sliding Window Fit

® Doing functional fit in windows
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r11ﬂ =802 TeV

[
T

‘ﬂrrl-l\f;

EXPERIMENT
Run: 305777
Event: 4144227629
2016-08-08 08:51:15 CEST
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[ ' ' ' I ' ' '
ATLAS Preliminary

()]
o 108:E
> E p
|J _T £ . Data
S 10° Background fit

—— BumpHunter interval
o-q5,m _ =40TeV
- g, mz* = 5.0 TeV

o Require at least two jets

IIIIlIJ| Illllllll IIIILLlIl IIIIlllI] IIIIllIII llllllll| IIIILlIJl Illllllll Ll

10 q*, 6 x0.1
® S|mp|eS‘t topology 10: :;ileiag-gGe:ﬁ—SjTeV f

Sw
|||:II|T||| IIII|T||| IIIIIﬂ7| IIIII|'|7| IIII|TH| IIII|'|T|| IIII|T||| IIII|T|||

o N

o Background estimation
® Sliding Window Fit with
f(X) =p, ( 1- X),O2Xp3+p4 In(x)

|
[\
I

i T i \
L] L1 o [ ol o

Significance

--- Exp. 95% CL upper limit for 6,/ m; =3%

15 E

Obs. 95% CL upper limit for:

------- Theory 7
—e— Observed 95% CL =

—
IIIIII| T

....... Expected 95% CL 1
= t1o i

. o 6/ Mg = 3%
10—1 —&— 0g/ Mg =5% |

—

<
|
|

6 X A x BR [pb]
o X A x BR [pb]

—— 65/ Mg =7%

9 9
N oo To have fuly i 1o e, o
efficient triggers and 102¢ 5 1075 T, T E

(66666@ \ no kinematic bias i ] - :
g q

\ 1073 107 .

- 1s=13TeV, 139 fb"! R [ \s=13Tev, 1397 . ]

: . 107*F - . 3 107F -

I_ | I I | | I I | | I I | | I I | | I I | | I I | _I _I | 11 | L1 1 1 | | I | L1 1 1 | L1 11 | | I I | | _I

> 150 GeV >1.0 <0.6 > 1100 GeV 2 3 4 S 6 7 8 2 3 4 S 6 7
m. [TeV] mg [TeV]
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DIBJET

8
ATLAS Preliminary - Data
Vs=13 TeV, 139 fb™ — Background fit

o Require at least one or both TN e

P g g, b*, o x 100
leading jets to be b-tagged \ ° yy o

=,
/

Q

Significance _
N O N

|_|||||| T

ril N

o B-tagging 9 b

O Deep Learning Neural Network
(DL1r) NSNS L

2 ATLAS Preliminary - Data

2 b-tag W10° = 513 Tev, 139 fb!  —— Background fit

— BumpHunter interval

o Background estimation TE
e Sliding Window Fit with z -

fix) = o 7 (1 _X)DQXP3+P4 In(x) q i
| Jetpr | IA@Gi)l | Jetn | Iyl | my

> 150 GeV >1.0 <20 <038 > 1133 GeV

% DM Z' gq=0.25, ox10
o p-value = 0.83
o 1)

(ATLAS only) ICNFP 2019
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3 [TT T 17T T T 17T T T 17T | T 1T | T T 17T | T 1T | T T T T]
o T T CPED Theory i
— o 4l —e— Observed 95% CL

Dl B\J _T T Expected 95% CL 3
— X - 10 -
@) W [, = +20 i

X
© <10'F E
95% CL exclusion limit TOx & ;
Category O v i ]
Observed Expected — 1072 . 3
Inclusive q* 6.7 TeV 6.4 TeV A\ - -
1b b* 3.2 TeV 3.1 TeV Jo3L b= 1b-tag :
DM Z’ 2.9 TeV 3.0 TeV - (s =13TeV, 139 fo”
- ATLAS Preliminar .

2b SSM Z, 2-6 TeV 2-6 TeV 10—4 1 1 | L1 11 | L1 1 1 | L1 1 1 | | YI | | L1 1 1 | | I"I".I | | |
: 15 2 25 3 35 4 45 5
Graviton 2.8 TeV 2.9 TeV

a S R
— 2 L e Theory i
S, 107'E — Phys. Rev. D 98, 032016 (36.1 fb™) E 107 S oeetoes Gl 3
o - Phys. Rev. D 98, 032016 (Scaled to 139 fb™) . x - — -
@ [ — — Current Result (139 fb™) - w R +20 }
x - 107 E
v oD < ]
X —2 | —] ]
< 107¢ 1 8 x b |
Due to s F 1045 ° 10°E .
improvement > - 4
in b-tagging 3L | N 4l _
10 - o — <1 10 = 2 b-tag B E
- ATLAS Preliminary ~__ _ . - DM mediator Z'(bb), g =0.25 . -
[ \s=13TeV T 1075k Vs=13TeV, 139 b e
104 DM mediator Z'(bb), g, = 0.25, 2 b-tag _ - ATLAS Preliminary
|:| Ll | Ll | Ll I L1 | L L1 | Ll I L1 | L1 I L I: 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 11 | L1 1 1 | L1 1 1 | | . It
1 15 2 25 3 35 4 45 5 15 2 25 3 35 4 45 5
MpM mediator Z [TeV] mDM mediator Z’ [TeV]
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DI(B)JET+ISR

. Inclusive  Swz4mas ol
o Require initial state photon |, g 5 b =
z T e e
® Fully efficient triggers o e .
O B_ta in q g 103;251’2232%%;/,%:0.1 | _;
gging g e
§ -2 T e ,',',"'ihfi
O Deep Learning Neural Network (DL1) 5 2 =
. . - 200 300 400 500 600 700 '1r?1%)?Ge\/E]
o Background estimation |
A \ . . _ & 4;_ATLAS ' ' '—.—bata,_7'6.6fg5",'
® Sliding Window Fit with 2 b-tag PR e
q v b D 10° Ere-d-8 m;,=550GeV,gq=0.1

BH p-value = 0.63
x2 p-value = 0.52

BH p-value = 0.97

E 2 p-value =0.77

—=— Data, 79.8 fb™,
single-photon trigger

—— Background fit

——Z',0x15

|
NDNON
||||||| |||||| |||||| ||||||| T T
- 4 [J
[a
C
C
] <
i | [ <
1 <
C <
n «
1
. L C
[ ]
]
{]
m L {
0 e
a
{}
- 4 L -}
{+
N,
| | | O
{}
{
- -4 {}
{}
i,
C
i
{]
||||| ||||||| ci-$-FI I

3 _ _ 2
f(x) = p.x"2eP P or z

f(X) =D 7 (7 _ X)P2XP3+D4 In(x)+ps5 In(x)? 10

q b M, =250GeV,g =01
Single-photon > 25 GeV > 150 GeV - > 169 GeV Inclusive >28 © 3 =
< i L L L L L | =
Combined >65GeV > 25 GeV > 335 GeV 2 b-tag >25 20 00 400 900 B0 i Gev)

ICNFP 2019



ATLAS Trine Poulsen

Di(

3)J

=

ISR

o 035
- ATLAS 95% CL upper limits .
03[ Vs=13TeV —— Observed e
C Flavour inclusive s Expected (= 1-20) 7
() N .
= 0.25—~  79.81fb” 76.6 fo 7
) - .
) 0.2 -
= - -
< 0.15 =
0.1 -
A T AT T T T S
200 300 400 500 600 700 800 900 1000
m,. [GeV]
oF 035
- ATLAS 95% CL upper limits ]
- \s=13TeV —— Observed B

0.3
- 2btags @000 e Expected (= 1-20)
(@) 025 79.8fb" 76.6 fb™ =
© - .
T 0.2 -
O T .
AN 0.15 =
0.1 -
:Il | | T I L1 I ) - I | I - | Il 1 1 I L1 1 l | I T I Ll 1 | ll:
200 300 400 500 600 700 800 900 1000

m,, [GeV]

E | T T T | T T T | T T T | T T T | T
o . ATLAS 95% CL Upper Limits
m Vs =13 TeV Observed
x ] Flavour inclusive === Expected = 1-20
W10TE 798’766 Od/Me=Res.
% C ——0/mg=0.07 ]
< N — oG/mG =0.10 ]
x L —— O'G/mG =0.15 i
b -
1072 E
| | | | | | | | | | | | | | | | |
200 400 600 800 1000
mg [GeV]
E‘ | T T T | T T T | T T T | T T T | T
&1 02 | ATLAS 95% CL Upper Limits |
m [ Vs=13TeV Observed ]
x  2b-tags === Expected = 1-20
LU - 1 1 —e— O'G/mG = Res. i
" I 79.8fb" | 76.6 fb — omg =0.07 i
< L —_— oG/mG =0.10
x —— GG/mG =0.15
o L i
107 -
| | | | | | | | | | | | | | | | |
200 400 600 800 1000
mg [GeV]
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BOOSTED DIBJET+ISR

x10
. . . . . > I | I I I I I I | 1 I I I I I | I 1 I' I 1 I I | |
O Require initial state jet S o5k - aTLAS Prenmmary ~-Daa [ OM Moo (1, =58 -
0 Vs=13TeV, 80.5fb" — QCDFit ~ — V+Jets(u =1.5)
® Dibjet system so boosted that both £ 205, ™" 00D Fit = fo — Top :
>
L

jets are within one large-R jet

o B-tagging b
® BDT (MV2c10) i

o Background estimation

® MC for V+jets and ttbar
® Global fit for QCD dijet

Data-QCD-t

Data-QCD-tt-V

Leading Sub-leading | Jetn | 2my/p;
large-R jet p; | large-R jet p;

80 100 120 140 160 180 200 220
> 480 GeV >250GevV <2 70 -230 GeV Signal candidate large-R jet mass [GeV]
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BOOSTED D

SJ

=

o Require initial state jet

® Dibjet so boosted that both jets

are within one large-R jet
o B-tagging
® BDT (MV2c10)

o Background estimation
® MC for V+jets and ttbar

® (Global fit for QCD dijet

ISR

3.5
2.5
1.5

0.5

Leading Sub-leading | Jetn | 2my/p;
large-R jet p; | large-R jet p;

<2

> 480 GeV > 250 GeV

70 - 230 GeV

- ATLAS Preliminary

8 Best Fit Value

— {s=13TeV, 80.5fb" * SM Prediction
- Signal Region —— 68% CL
- _ ----95% CL
N et T ~.
N /’ \~~\
- ’/ \\
B /' \\
—, \
-, \
- \
N\ I
N\ /
| \ ’
— \Q o’
- ’/
__ \\ * ’—",
: \\ ~~~~~ “__—
__ I | | 1 | | | I | | I | | 1 | | | 1
-5 0 5 10 15
My,
g 9 b
V/H
q b
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%30000'|"'|"'|"'|"'|"'|"'|"'|'
(Lg . ATLAS Preliminary —e— Data
— — % | (s=13 TeV, 80.5 fb' —— Background fit
BOOSTED DIBJET+ISR B o

20000

p-value = 0.54
Fit Range: 70 - 230 GeV

o Require initial state jet
® Dibjet so boosted that both jets

/

are within one large-R jet

Significance

80 100 120 140 160 180 200 220

O B—’[agglng B o me
S ATLAS Preliminary |

® BDT (MV2C10) a (s=13 TeV, 80.5 fb”
: . 210_1:= ——————————— E
o Background estimation <y M
° :N :

® MC for V+jets and ttbar
10%F E
® Global fit for QCD dijet - —-7(g,-025) :

| —e— Observed 95% CL upper limit
----------- Expected 95% CL upper limit

large-R jet p; Iarge R jet pt 10—100 . I1éOI . .1210. . '1e|30| . I1E|30| —500

>480GeV  >250GeV <2 70 - 230 GeV m,. [GeV]
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‘ ‘ BAR E 1800 ATLAS e Data =
= 5= . 36.1 b cj .
g 1600:_ RSGSOS@EGV e z!\rﬂgtlztalljgkg unc._:
E, 1400 RegionD Pre-FitBkg

& " Post-Fit
O 12002 -
G>J 1000 =
O Require two top-tags S = -
N 600[- =
. ) a00F ]

o Top tagging X .

OF

i //%WWW%%

200 400 600 800 1000 1200 1400 1600 1800 2000

® Boosted: Jet mass and 15, z e (Gov]

® Resolved: “Buckets of tops

_

Data / Bkg

" " E 1o7C ATLAS e Data
O Background estimation q t g opeaeamint
> oosted 7/ Total Bkg unc.
£ 10° SRI(Tight2b) - Pre-Fit Bkg
o Post-Fit

e MC for ttbhar "

U 102
: y )
® Data-driven for multijet A
(:) —1
Q 33-2 ******
o0

Event selection (boosted)

1.25
1 ,% 9%//// G454
.75

Data / Bkg

%/ U

Leading Sub-leading | Jetn | |[A@(jj)|
large-R jet p; | large-R jet p;
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

> 500 GeV > 400 GeV <2. : > 1000 GeV %0 [GeV]
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TTBAR

105|||||||||||||| ||||||||||||||||||||||||III§ 105||||IllIII|l||Ill|||||||||||||||||||||||IIII§
2 . .- ATLAS \s=13Tev,36.1f0" 7 & . ,F ATLAS \s=13TeV, 36.1 fo 7
E 10 —e— Observed 95% CL upper limit E ICE. 10 —e—— Observed 95% CL upper limit E
w N Expected 95% CL upper limit - % N LR Expected 95% CL upper limit .
o 10 [ Expected 95% CL upper I!m!t t1o = o) 10 I Expected 95% CL upper limit + 16 5
» Expected 95% CL upper |'m't_ 20 g 5 Expected 95% CL upper limit + 2 ¢ -
10 : LO Z'7, I'=1.2% cross—sectionx 1 '3?_ 10 : Dark Matter, Vector mediator E|
--------- NLO Z',., T'=3% cross—section 3 A 3
1O NLO Z'.., I'=1% cross—section = 10 =
107 107" o
2 oL 23
10°g Q1% TR T 10 28
............... = ©: 0 3
................ = .o -
—3 1 L 1 L1l L Ll L - Ll - _3 111 I 11 I 1 :l 11 I | I | I | I | | | | 1111 1 | | 11 1
10 0.5 1 15 2 25 3 35 4 45 ¢ 10 0.5 1 15 2 25 3 35 4 45 5
m,. [TeV] Mediator mass [TeV]

DM Z' (vector)

95% CL exclusion limit

Observed [TeV]

Expected [TeV]

Z 0o (M =1%)
L1cz (F'=3%)
DM Z’ (vector)
DM Z’ (axial-vector)
Ik (M =30%)

[0.58,3.1]
[0.53,3.6]
[0.74,0.97]U[2.0,2.2]
[0.80,0.92]U[2.0,2.2]
<3.4

[0.57,2.8]
[0.51,3.6]
[0.75,1.07]U[2.0,2.1]
[1.99,2.04]
<33

'_|105 L L B B B L B L B L BB L LB
S . . ATLAS \s=13TeV, 36.1fb" 7
= 10 —e— Observed 95% CL upper limit 3
X N L Expected 95% CL upper limit .
o 10 [ Expected 95% CL upper limit £ 165

Expected 95% CL upper limit £ 2 65
Dark Matter, Axial-vector mediator §

10R\ 3
i3 E
107k | -
§E SRR
- 59
102
r o . m .
10_3 11 I 1 I 1 :I 11 I | | I | | I | T | I 111 | 111 I 11 1 1
0.5 1 156 2 25 3 35 4 45 5
Mediator mass [TeV]
DM Z’ (axial)
— 105 1T I LI I LI I LI I LI I LI I LI I L I T TT |§
2 .. ATLAS \s=13TeV, 36.1 fb" 7
E 10 —e—— Observed 95% CL upper limit E
X sE Expected 95% CL upper limit .
o 10 [ Expected 95% CL upper limit + 16 5
5 Expected 95% CL upper limit 2 ¢
10 LO g  cross—section E|
KK =
10E =
1e § <
10
= %3
_2 = Eﬁ'
OE B
10_3 L1l 1 I 1 II L1 L1 1 1 L1 1 1 L1 1 L1 I L1 1
0.5 1 15 2 25 3 35 4 45 5
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DARK MATTER SUMMARY PLOT

o 10 '
© [ ATLAS Preliminary Vs =13 TeV, 3.6-80.5 fb’
July 2019

I 1 I I I LI I L lIIIIIIIIIIIIIIIIIIIIIIIIII
1

‘- 95% CL upper limits
—| — Observed
-1 =--- Expected

4
’

| I/m,=0.1_______________

0.5 T e T —— Boosted dijet + ISR
AL o 36.1 1

O . 4 — T T T T e e e e e e e e e e e =\ - Phys. Lett. B 788 (2019) 316

—— Boosted di-b + ISR
O 3 - 80510 '
. ATLAS-CONF-2018-052

—— Dijet + ISR

79.88& 766"
Phys. Lett. B 795 (2019) 56

Di-b + ISR

798 & 76610
Phys. Lett. B 795 (2019) 56

— bb resonance
243 &36.1 10"
Phys. Rev. D 98 (2018) 032016

— —— Dijet TLA
36&29.71 "
] Phys. Rev. Lett. 121 (2018) 081801

— — tt resonance
36.11b

—_ Eur. Phys. J. C 78 (2018) 565
~—— Dijet

3701

Phys. Rev. D 96, 052004 (2017)
—— Dijet angular

370"
Phys. Rev. D 96, 052004 (2017)

single y Y + jets
trigger trigger

0.2

-~ -
Il

0.1

005 B Axial-vector mediator

004— Dirac DM
O 03 mX=10Te|v,gX=|1.0 1 L 1 T B |||||||||||||||||||||||||||||||||||||,|,|,|,|,|

I
100 200 1000 2000 .
m, [GeV.
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DARK MATTER SUMMARY PLOT

O 1 ] T T T
© [ ATLAS Preliminary Vs =13 TeV, 3.6-80.5 fb’
July 2019

I I I LI I L llIIIIIIIIIIIIIIIIIIIIIIIIII
1

‘- 95% CL upper limits
— Observed
-1 =--- Expected

| I/m,=0.1________________

0.5 S T TR ¥ ANy SR —— Boosted dijet + ISR
AL o 36.1 1

O . 4 — T T T T e e e e e e e e e e =\ - Phys. Lett. B 788 (2019) 316

O 3 — Boosted di-b + ISR
single y Y + jets
trigger trigger R

80.5fb '
------

4
’

ATLAS-CONF-2018-052

—— Dijet + ISR

79.88& 766"
Phys. Lett. B 795 (2019) 56

Di-b + ISR

’ 798 & 76610
Phys. Lett. B 795 (2019) 56

—_— bB resonance |

| 243836110

0.2

— — Dijet TLA

36&29.71 "

[ ' — Phys. Rev. Lett. 121 (2018) 081801
— - \ — |~ tt resonance
36.11b

- Eur. Phys. J. C 78 (2018) 565

0.1

O 05 u {1~ Dijet I
) Axial-vector mediator I_ _g:]gbm& D 96, 052004 @17;'

004— Dirac DM
O 03 mX=10Te|v,gX=|1.0 1 L 1 T B |||||||||||||||||||||||||||||||||||||,|,|,|,|,|

I
100 200 1000 2000 .
m, [GeV.

—— Dijet angular
3701
Phys. Rev. D 96, 052004 (2017)
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CONCLUSIONS AND OUTLOOK

O Setting limits on Z’ Dark Matter mediator
® Masses from 100 to 5000 GeV

O Moving towards Run-3 and High Luminosity LHC
® Run-3: Collect another ~150fb™! between 2021-2023
e H[-LHC: Collect ~3000fb" between 2026-2038(7) <—(Francesca’s talk)

O Machine Learning
® |mprove tagging

® TJracking in high pile-up environment

ICNFP 2019
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BACK UP
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B-TAGGING

O B-hadrons have certain characteristics which can be used to

—3 tracks b jet

tag a jet as coming from a b-quark

------ b hadron

------ impact

® |mpact parameters of tracks parameter

® Displaced vertices reconstructed in the inner detector

secondary
vertex

O Different taggers ight jet - primary vertex

\"7\
 DL1andDL1r

® Deep learning neural network based on distinctive features of b-hadrons

lg]tJOt

® DL1rincludes inputs from recurrent neural network

* MV2c10
= Multivariate b-tagging algorithm using Boosted Decision Tree (BDT)

ICNFP 2019
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BUCKETS OF TOPS

O All jets are
® assume to originate from ttbar events

® assigned to one of three groups (buckets)

O Buckets (B1, B2 and B3)

® B1/B2 contain jets from the two top quarks, B3 contain all jets from extra radiation
O Assignment is made by minimizing the metric A% = wA%g,+A%g,
® Where Ag;p = [MgjMieel @and w=100

O Require
® B1 and B2 to contain exactly one b-tagged jet each

® 155 GeV < mg;p < 200 GeV

O Additional classification depending on whether W is contained or not

ICNFP 2019
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DIBJET LIMITS

21

O

-tag

3 T T T T T T[T I\\Il|||||II\I|IIII‘II||73 L L L L L B L B R BB IR LB I
o H imi =3 I Theory 2 I Exp. 95% CL upper limitfor o, /m, =0% |
95 /0 CL exclusion limit o —e— Observed 95% CL [0 S Obz 95% CL :zz:r limit fzr-
Category o TEe e Expected 95% CL 3 m 107 ¢ ey = 0% E
% E + 1 1 X F —o— o, /my =3% ]
Observed Expected Y — 15 o ]
. X 1 | X 0 —a—cx/mxi7°/<; 7
Inclusive q* 6.7 TeV 6.4 TeV <10 |} T10%E Coimlee
@) E 1 b B ]
1b b* 3.2 TeV 3.1 TeV i ] i ]
107°¢ EREE T -
DM Z 2.9 TeV 3.0 TeV g R ;
-3l b"=1b-tag - ATLAS Preliminar s
’ 10 8 E = y 528 g
2b SSM Z 2.6 TeV 2.6 TeV " {s=13TeV, 139 fo” 1 10*F {s=13TeV, 139 b oS
- - ATLAS Preliminar : - - Gaussian signals, > 1 b-ta .
GraVIton 2.8TeV 2-9Tev 10—4||||||||||||||\\||||y“|||\||||"|’~1\|||| _||\|||||||||||||g||||\\|||||||\|||g||\|||||||||_
15 2 25 3 35 4 45 5 115 2 25 3 35 4 45 5
m,. [TeV] m, [TeV]
— L e e O O B ' [T L AL L L L L L L L A L '_'10_1:llI..I\IIIIIII\IIII\IIIIIIIIII\I:|_| TT T T[T T T T[T T T T[T T T T[T T T T[T T T T[T T IT[TT]
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