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Why Dark Matter?

various cosmological indications for ‘invisible’ matter (=>dark (DM) )  K.G.Begeman, A. H. Broeils and R. H. Sanders,
1991, MNRAS, 249, 523
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popular candidates: Weakly Interacting Massive Particles (WIMP)
different search approaches:
DM \ /DM DM \ / SM SM\ / DM
Mo NsM DM N sM sM—" DM
indirect direct collider searches
(WIMP-nucleon scattering) (annihilation) (pair production)

SM: Standard Model particles
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Why Mono-something?

TN P DM not detectable directly
v~ > DM need something to tag/trigger on

unbalanced reconstructed object => missing transverse energy (ET™s)

Zhy

q u w* ! \
X W X
q y d X v
What is the 4 ‘
for Dirac-fermionic DM
. . . : Name | Initial state Type Operator
assume: Interaction mediated by a new particle ! 7;
: D1 qq scalar I XXaq
too heavy to be directly produced @QLHC I
. D5 qq vector A
effective field theory approach M "
(contact interaction) D8 qq axial-vector Aﬁh-{v“’ys\(fmvf’q
. . o 1 — _
suppression scale of effective theory: M=« D9 19 tensor X XAo g
M ~ \/— g,: coupling to DM ~ (some representative examples)
ngSM gsm: coupling to SM

gg-operator only for mono-jet
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Monojet Event Candidate in ATLAS  aras.conraoin.ier

J3 EXPERIMENT

Run Number: 206962, Event Number: 55091306

Date: 2012-07-14 10:42:26 CEST

Ermiss = 863 GeV
jet pr = 852 GeV

2l

Ruth Pottgen Terascale Workshop 2 Dec 2013


https://cds.cern.ch/record/1493486
https://cds.cern.ch/record/1493486

Monojet - Backgrounds and their suppression

Standard Model contributions Event Selection
v data driven |
ET™ss trigger
.
Z(v) + jet good data quality (10.5/fb)

irreducible, largest contribution : . .
primary vertex, jet cleaning

& v W(v)/Z(e) + jet % | lepton vetos (electron, muon)

leptons not identified
hadronic tau-decay

small Multi-jet @é ,

| at most 2 jets with pr>30GeV, [n|<4.5

A (Ermiss 20 jet)|>0.5

contribution Non-collision background (NCB) R A— leading jet: In|<2.0 (central)
(= -2%) .
= beam halo, cosmic muons...
4 signal regions (SR)
_ symmetric cuts on Er™s, leading jet pt
singletop ) <yl
M o0 _ - lower bounds: [ 120, 220, 350, 500] GeV
IR - > contribution
o | (<1-2%)
o° Diboson  _
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Flectroweak Background Estimation  srias.conraoi.iez

W (v)+jet CR

L e e e
ATLAS Preliminary ~—* data 2012
4, —— Total BG
j Ldt=10.50"  [JZ (- vv ) + jets
\'s =8 TeV COW (> 1v)+jets
CZ(— 1) +jets
[ Dibosons
B % + single top

W(We)/Z(eL) + jet control regions (E=u,e)
for EW background estimation

Events / 5GeV
2,

[ I[IIIIl

-
o
>

require | or 2 leptons

[ IIIIIII

cut on mT, me
SR cuts on jet/Exmss

10°

| IIIIII

‘ I T TTTTT

R - S—
P (| S RSN e U ey e T SR
e S—
transition into signal region via transfer factors (TF) 020 90 0080 00 R a0 109 1
ransverse Mass [GeV]
example: Z(vv)+jet from W (vu)+jet CR: . JALly)tetCRo
S F ATLAS Preliminary —®— data 2012 &
U9 — ]
2 .l J‘Ldt=10.5fb"' E\T\IOt(aLBI% +iets
TF — MC ratIO L;§J 10 g_ \s =8 TeV DZ(—>||)+jetS %
background => reduced uncertainties - [ Dibosons .
estimate 10° = Bl t + single top =
in SR m ; -
, 107 =

T 10

(O]
number of data events in CR S I T
60 80 100 120 140 160 180 200
'f/\ uu invariant Mass [GeV]
Y
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Res U |tS ATLAS-CONF-2012-147

systematic uncertainties

Jet & Er™ss energy scale and resolution:  2-4% (on transfer factors)
Lepton identification efficiencies: |-3% (on transfer factors)
Non-electroweak backgrounds: <I%  (on total background)

parton shower/hadronisation modelling: 3% (on total background)

I T T T I
ATLAS Preliminary

f Ldt=10.5fb"

T T
data 201|2
Total BG
Z(—vv)+jets
W(—=Ilv)+jets

- —
—
| I—
C—1 Multi-jet
—
—]
||
[

— —
2 3
IIIIIIﬂ] IIIIIﬂT|_-

Non-collision BG
Z(—=1l')+jets
Dibosons

no significant excess

\s =8 TeV

Y
(@)
w

tt + single top
.............. ADD n=2, M_=3 TeV (x5)
....... D5 M=80GeV, M=670GeV (x5)

- === G+9G, M_ =1TeV, M=10"V (x5)

||||||

-
o
N

||||||

no significant improvement wrt 201 | limits
due to small statistics in simulation samples

|||||||

dN/dET™®  [Events/GeV]

—
o

IIIIIIll| IIIIIIll| IIIIIlIJ] IIIIIIll| IIIIIl|l|__

TEE L]
o S LT preliminary result
final result will benefit from simulation samples
s s R S with higher statistics
s IR e — . |
200 400 600 800 1000 1200
ET"S [GeV]
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JTowards the full dataset - Monojets2012

a number of developments/improvements foreseen for analysis of full 2012 dataset

very high statistics in background simulation samples

include operators for scalar DM

compare to UV-complete (light mediator) model

more sophisticated treatment/discussion of EFT validity

signal region optimisation

idea: WIMP signal => excess at high ET™s => high pr jet

such jets likely to radiate another jet

on average expect higher jet multiplicities and Jets closer together than for Z(vv)

leading jet pT < Epmiss

2l
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Signal Region Optimisation

Z(vv)tets

DI

jet
multiplicity

jet multiplicity

_ATLAS Simulation Work in Progress x107°
z“”z“l‘z””z””z”‘z“”z”“z”“ 0.8

I TR
T
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o
T3

jet multiplicity
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T

| o4
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AQ between
the two
leading jets

A§(j1,j2)
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ET"° [GeV]

ATLAS Simulation Work in Progress 10"
0.12

A(j1,j2)

|1 u‘l* hfl |I ':I ) ||| |I fl:ll .u 0.04
}IIIIIII '" 0.02

i 11

I' |I 1III# at

U SR

200 300 400 500 600 700 800 900 1000
ET™ [GeV]

release jet veto, use asymmetric cuts on leading jet pt and Ex™ss

depending on the operator increases sensitivity by up to a factor of 2

Ruth Pottgen
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Comparison with Indirect Searches  jee 1304 13 075

imits on M« can be translated into (upper) limits on WIMP-Nucleon scattering cross section

Monojet@7TeV
— IATLIASI T T 17171 T T Ivgl l=|7||TeV’ 41.7 ;rbl-l,lgl(l)cl)/IOICL. 29 ATLAS Vg = 7 TeV, 47 fb-(l’ QO%CL
£ 108 _ —- SIMPLE 2011 —.— D8: q§—> j(xx)oirac; %t 0 XENON1002012 —e D1 qg— j(xi)malc :
2, J— [P)g:a CSZSE?FZC?%i 10a0) - I:?|9: ) (XX)Diraci 2.10° CDMSI low-energy D5: ¢ J.(XZ)D' ]
c . _asl e G vais I e - I— CoGeNT 2010 _ -~ Dirac
% 10736 : D8: CMS qa— j(0,,, . é o] p— D5: CDF qi— j_(xz)Dirac —_— 211. 99— J()O()Dirac
% 10-37 % 10-35 i — — Dbh: CMS qq_> J(XX)Dirac reee—— = Gtheory Z
3 3 : '
2 o
5108 10 1
© T ——— L ) ]
810% g10% E
&) &) T
= 1040 2 107 i
o o, s ;
> =10 E
g 10-41 § ]
C | | | I | I | | | | | SpIlr]-dlelpelnldlelnlﬁ 10-45 _I | | L1 1111 I | | | | | Splrl]-lnldepelredlell:]F i
1 10 10° 10° 1 10 10? 10°
WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]
spin-dependent interaction: spin-independent interaction:
collider competitive over collider competitive at small
large mass region Masses
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Results - Monophoton201 | PRL 110,01 1802 (2013)

Background source Prediction + (stat.) % (syst.)
Z(—wvo)+~y 93 + 16 + 8
Z/y* (= 707 ) +~ 0.4 +02 £0.1
photon [n[<2.37 W (= ) +~ 24 +5 + 9
y pT and Ex™ss > 50GeV W/Z + jets 18 _ 16
Top 0.07 + 0.07 £ 0.01
lepton veto, <1 jet WW.W Z,ZZ, vy 0.3 +01 +0.1
~v-+jets and multi-jet 1.0 — + 0.5
Total background 137 + 18 +9
> ' N L N N L O L LA L B Eventsindata(4'6fb_1)]_]_6
() - —e— Data 2011 s =7 TeV) ]
(\D 102-ATLAS %%I—Zwv)w —-
[7) = +Y =
= B JLdt=4.6 fb' =¥<\>l;laz;ﬁ<tet multi-jet, diboson 7] isnifi deviati f S dard Model dicti
I% 10 —— Total background = no signiricant deviation rrom Standar odel preaiction
—— — -ADDNLO, M _=1.0 TeV, n=2 =
TTPPT A I WIMP, D5, nf=10 GeV, M=400 GeV
1 27, ... L —=
e R '!————————§ §C10°™E90% CL, Spin Dependent £50% CL, Spin'Independent ' ]
1 e ] - . S0 = SIMPLE — Picasso & XENON100 —CDMS . ,
10 * ; c P CDF, D8, Cﬂ—> J(Xz) ' — CoGeNT PN *CDF:DA5’ cﬂ—> J(X‘Y)Dirac,'
- 010 P Dirac wee CMS (5 fb ), D5, qq—> {(LZ)D '
- 7] B —= CMS (5 107), D8, qu— v(x7),, ._ —ATLAS, D5, @@= Y((X),, ..
10 4 = 310 \\ - ---ATLAS, D1, - Y (00
= 010 ;
103 S e
P U T T NN N I M AN S N E L‘IC)38 T
150 200 250 300 350 400 450 500 g N )
E™SS [GeV] o107F -
il Q@ 40 / - T
010 = e
zZ 10—4’] =T - -
5 —— ATLAS, D8, 6~ Y((T) e
102 ===+ ATLAS, D9, 48— Y(XX),,, .
1% =
[ ATLAS \'s=7 Tev,J Ldt=46f" 7 e e
. 10
to be Updated Wlth [0 il MR A W ET1 AR TI B R WA AT v vl s vl il
full 2012 data set soon 1 10 102 10° 1 10 102 10°

m, [GeV] m, [GeV]
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Results - Mono-W/Z (hadr) (2012)

| fat jet (Cambridge-Aachen), R=1.2

arXiv:1309.4017

| . Process ET™ > 350 GeV | EF™ > 500 GeV
jet pr > 150GeV, Ex™ss >350, 500 GeV 7 S v 102739 5ATS,
. . " /:t ,i fq: +20 K)+4
lepton/y veto, < | AntiKt jet (R=0.4) W= v, 2 = 78 210-35 225,
WW,WZ,22 571 0.1+13
2 3500 tt, single t 3915° 3.7“:31';
G  FATLAS203f' (s=8Tev  * baa - Total 707TE 89T
300F- o, miss Z(vv)+jet = 38 12
= T SR:ETT> 350 GeV W/Z(e/w/t)+jet Data 705 29
®» 250 Top —
S - [——1 I Diboson ]
uﬁ 200 | | /////, uncertainty —
150/ % R Y no significant deviation from Standard Model prediction
VI /2 W
S0l ////////////////é first LHC limits on this!
%f___ I : I Ig (\E _I _.I_ID|5|(|L;|||d).cl)bISIIIIII| 9IOI/I Iéll_ll ] _.|_|D|9||B|| T T ||||||| T T T TTTTIT _
_ =-d): % :obs
0 6 70 8 90 100 m1‘°[Ge\1/]2° 810 _._ Ds(u=d):0bs A Do: ATLAS 7TeV j6r0) ]
jet IS D5:ATLAS 7TeV j()
5
o 2107
constructive interference &
. . . e r
for W emission If g,=-g4 S10%)
=
=> mono-W dominant process 102
o , B
=> limits surpass mono-jet by [ couepaye ATLAS 203 f;MfL-E 82;61"
; - -CoGeNT 20 T — .
3 orders of magnitude (for D5)  YENON100 203 1 —CcouPP2012 - - IceCube WW |
10'46]_p?|\lﬂlsllll?w-elnelrlg¥||||| | [ |||||| __l _IPIICIIAISI§|O 2|01|2| IIIIIIFeCILIblelbI_blllll
1 10 10° 10°1 10 10° 10°
m, [GeV] m, [GeV]
Ruth Pottgen Terascale Workshop 2 Dec 2013



http://arxiv.org/abs/1309.4017
http://arxiv.org/abs/1309.4017

Summary&Outlook

4
\S‘&
oS

mono-X signatures important tool for dark matter searches at colliders
presented mono-jet, hadronic mono-VW/Z and mono-photon ATLAS searches
each have their special strengths/merits
hadronic mono-W/Z first LHC result of its kind
no significant deviation from Standard Model prediction

imrts on WIMP-nucleon scattering cross section complementary to indirect searches

o~
O
\)&\' mono-jet to be updated with full 2012 data set and optimised selection
¢ mono-photon to be updated with full 2012 data set
for full 2012 data set there willl also be a mono-Z(ll) analysis
studies for | 3&14TeV beginning now
Ruth Pottgen Terascale Workshop 2 Dec 2013
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Interpretations - WIMP Pair Production arias.cong.oi.i47

cross section determines relic abundance of DM in the universe (measured by WMAP)

cross section depends on suppression scale M« and WIMP mass

for each value of my a certain value of M+« results in ‘correct’ relic density
(green line)
lower limits on M= as function of WIMP mass

limits above thermal relic line => conflict with WMAP measurement

—
N
o
o

L T
 Operator D8, SR3, 90%CL
_ p== Expected limit (+ 1+ 20, )

T I
500F Operator D11, SR3, 90%CL

- B== Expected limit (= 1+ 20,
450 ...

" 'ATLAS Preliminary
V5=8 TeV f Ldt=10.51b"

exp)

—
o
o
o

theory) theory)

— Thermal relic

— — —
o N B
o o o
o o o

400

— Thermal relic

800

350

800

600 300

600 ATI AS Prafminany
[ Vs=8TeV

Suppression scale M, [GeV]

Suppression scale M, [GeV]
Suppression scale M, [GeV]

Operator D5, SR3, 90%CL

250

I|III|III|II
ITIII|III|III|III|III|III|

400 §22 Expected limit (= 1+ 20, ) 400[- 2005_ Vs=8 TeV
" Observed limit (= 10,,,,,) ] I det=1o.5fb" .’ - fL e 105 i
200 — Thermal relic effective theoryo 200 L effective theor 150 - effective theory.
| L L n?tyarq L i £ L Ll 1 Ly notyalideg -10(): L Lo | L POtYa"? Ly
10° 10° 10° 10° 102 10°
WIMP mass m, [GeV] WIMP mass m, [GeV] WIMP mass m, [GeV]
my D5 D8 D11 imits for D5,D8 ~10% stronger wrt /TeV
<80 | 731(704) 713(687) 309 (301) .
400 | 632 (608) 535(515) 257(250) improvement for DI | hampered
1000 | 349 (336) 250(240) 155(151) by poor simulation statistics
Ruth Pottgen Terascale VWorkshop 2 Dec 2013 ﬁm
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Results - Mono-W/Z (hadr) (2012)

arXiv:1309.4017

ATLAS 203 10" (s =8TeV —=— D9:0bs
—a— D5(u=-d):obs
—— D5(u=d):obs
—o— D1:0bs
—— (C1:0bs

limits on suppression scale
for all effective operators considered

M, [GeV]

90% CL

I| Ll el o

D9 and D5 give strongest limits

10

—_
o IIII| T IIIIIII| f

1 1 I 1 1 1 1 1 I
200 400

1 1 1 I I
600

1 1 1 1 I 1 1 1 1
800 1000 1200
m, [GeV]

in addrtion to EFT also limits on a UV-complete model with a Higgs as a light mediator
HW or HZ production with H = XX

—e— Observed 95% CL  gR. EQ“SS > 350 GeV
---- Expected 95% CL

" Expectedtioc
Expected+ 2 ¢

(o)

II|IIII|IIII-I:

imit on ratio of total (|.3pb) over
standard model cross section (0.8pb):

1.6 (@125GeV)

S(W/ZH— W/Zinv)/c__ (WZH)

o
o
<||||||||||||

S o N W M~ O O N 0

= ATLAS 203fb" \s=:
120 140 160 180 200 220 240 260 280 300
my [GeV]

L
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Multjet Background ATLAS-CONF-2012-147

events with additional jet(s), where one jet is mis-measured or lost

require additional jet with pt > 30GeV

invert Ag cut between ET™ss and additional jet

example
'8 107 gl T T | T T T T I T T T T [ T T dl t| 2|0|1 2| T g
e F ATLAS Preliminary ‘ Total BG |
S 40f B J.Ldt=10.5fb'1 (] Multi-jet N
> = CJZ(—>vv)+jets -
= - Ns=8TeV [T W(—lv)+jets 3
G C—JZ(=1l)+jets .
10° - B Dibosons E
= B f + single top 3
10° g —
10° &
] —
B
8 o5 —_[_ -------------------------------------------------------------------------------------------------------------------------- -

0 05 1 15 2 25 3
Ao (EM™ jet2)

fit pt spectrum and extrapolate below 30GeV

systematic uncertainties from extrapolation and background subtraction

Ol
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Non-collision Background ATLAS-CONF-2012-147

cosmic muons, beam halo
reduced by dedicated ATLAS jet cleaning cuts

remaining contribution estimated from data (negligible for monophoton)

in 201 | based on timing information from forward muon detectors

in 2012 based on timing distribution of leading jet

new cleaning cut using fmax

»w 10— T T I n 6Elllllllllg
£ E [_] beam background sample ATLAS preliminary 3 q:) 10 =[] beam background sample ATLAS Preliminary =
8 10’ L- ] after medium - = =[] after medium =
= = [ after tight L=105 fb-1 3 L 105 [ [ after tight L=10.5 fb-1 .
c 10° [ —— after medium +f_ +fg, ' ] EE — after medium +f_ +fgy, E
LLl E_ —— after medium +f__+ fry + fna \s=8TeV _§ - —— after medium + f_ + fey + frnax \s=8TeV ]
10°F . 10°g E
10*E E 10°F -
10° E ] - S
10°F t
107 : :
1
10 0
35200 0 10 20 30 10701 02 0.3 04 05 06 0.7 0.8 0.9 1
tjeﬂ [ns] fmax,jet1
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Selection Detalls

EVENT SELECTION LEPTONVETOS
Ermiss trigger (98% efficient @120GeV) electrons;
. . p1>20GeV
at least | primary vertex with =2 tracks
In|<2.47

leading jet:

| “medium++" quality
em fraction>0. |

. overlap removal with |ets
charge fraction>0.4 P )

. e , MuonNS:
maximum fraction in one calorimeter
>/GeV
layer < 0.8 ¥
n|<2.5
Isolation requirement
Ruth Pottgen Terascale Workshop 2 Dec 2013 ﬁm
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Flectroweak Background 2012 arasconaoin.iaz

- W(uv)+jets CR

exactly | reconstructed muon
40GeV < mt7 < 100GeV

remaining SR cuts

10°

—i
o

—

—
Q

> T I T T T I T T T I T T T I T T T I T T T I T T T ; ey I T T T I I T T T I T —
[0} - ] — —
[0) ATLAS Preliminary —* data 2012 S Wl ATLAS Preliminary ~—© data 2012 s
© 105 , — Total BG _| 5 107 = ., — Total BG =
o E I Ldt=10.5fb D Z ( S VYV ) + jets E 4(]:: = fl_dt=1 0.5fb I:l Z ( — Vv ) + JetS 3
C [ . ] — . ]
:>j B Ns=8TeV -;V((_)Ill;’-*)_'_"ltets - i103§ \s=8TeV -;V((el:;’)'i'letS—E
B Jz(- jets 7 " = CJZ(—=1)+jets 3

[ Dibosons €102 3 Dibosons —

\ Dibos =10 ) =

10 Bl f + single top 3 B it + singletop =

S il

1] 8 15
s ~ e S h A s 1
e 8 os
0 20 40 60 80 100 120 140 160 180 200 400 600 800 1000 1200
transverse Mass [GeV] ET° [GeV]
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Flectroweak Background 2012 arasconeaoi.ier

Z(uw)tjets CR

exactly 2 reconstructed muons
76GeV < my, < | 16GeV

remaining SR cuts

> E T I T T T I T T T I T T T I T T T I T T T I T E ; % I T T T I I T T T I T §
o F ATLAS Preliminary ~—®~ data 2012 - 8§ F ATLAS Preliminary ~~®~ 'clj'atalzséz -
~ B 4 = Total BG _ L 108 = 4 =——Tota |
Ldt=10.5fb" = Ldt=10.5fb N
%104:_ COW (= 1v)+jets § = f CIW(—=1v) +jets 3
2 E \s=8TeV [z (= ll)+jets 3 e Ns=8TeV [z (=) +jets _]
N B Dibosons ] 8 E B Dibosons 3
10° & Bt + singletop  — 5 oL Bl i + singletop ]
; ; g
10? = E
107 E
10 - -
2 15 ®
s S
S o5 B
60 80 100 120 140 160 180 200 200 200 600 800 1000 1200
up invariant Mass [GeV] ET® [GeV]
L. Ruth Pttgen Terascale Workshop 2 Dec 2013 Au
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Flectroweak Background 2012 arasconeaoi.ier

W(ev)+jets CR

inverting the electron veto

no additional cuts since dominated by W

> : T I T T T I T T T I T T T I T T T I T T T I T T T : ; T I I I T T T I T T
® - - —e— data 2012 ] ® 10* I:r . —e— data 2012 1;1
o - ATLAS Preliminary Total BG g <] = ATLAS Preliminary Total BG S
Z sl f Ldt=10.5f" [ Z(—>wv)+jets £ L f Ldt=10.5f" [ Z(—>vv)+jets
% = S =8 Tev EEW(—=Ilv)+jets I o W (—=Ilv)+jets 3
o - s=8TeV [ Multi-jet = i) Ns=8TeV [ Multi-jet =
o CDz(=1)+jets ] ! 107 CJZ(—1l)+jets F
104 = (] [_)lbos_ons — %J - @ Dibosons 3
= Bl it + single top = o 10 B i + single top =
. Z -
10° =

—
Q

—_
o
N
-
Q
[\

0]

m 15 b ottt eaa e aeeeaaeeeaaaseeaaeeeaaaseaana e aaaaaeaanateaaaneeaanaananaaann pu— o

; 1= TITTIIIITRL e e ) _|__|: G\:l 1.5

‘Es’ [0 oY TP T P TRR — @ 1

o . . . . . . . . . 8 o5

0 20 40 60 80 100 120 140 160 180 - .
transverse Mass [GeV] 200 400 600 800 1OOEOmiss G 1 V2]OO
T e

2 Dec 2013
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event numbers

Results - Monojets2012

ATLAS-CONF-2012-147

Background Predictions + (stat.data)+ (stat. MC) + (syst.)

Z (— vv)+jets

W — tv+jets

W — ev+jets

W — uv+ijets

Z — tT+jets
Z/y*(— pu)+jets
Z]y*(— eTe)+ets

SR1
173600 + 500 + 1300 + 5500
87400 + 300 = 800 + 3700
36700 + 200 + 500 + 1500
34200 + 100 + 400 + 1600
1263 + 7+ 44 +£92
783 +2+£35+£53

SR2
15600 + 200 + 300 + 500
5580 + 60 + 190 + 300
1880 + 30 + 100 + 100
2050 £ 20 = 100 + 130
54+1+9+5 1.3£0.1+1.3+£0.2
26£0+6+1 27+0.1+£19+0.3

SR3
1520 £ 50 £ 90 + 60
370 £ 10 £ 40 + 30
112+5+18+9
158 +5+21+14

SR4
270 + 30 £ 40 + 20
39+4+11+2
16+£2+6+2
42+4+13+£8
1.4+02+15+0.2

Multijet 6400 £ 90 + 5500 200 = 20 = 200 — —
1T + single 7 2660 + 60 + 530 120 £ 10 + 20 T+x3+1 1.2+1.2+0.2
Dibosons 815+9+ 163 83+3+17 14+£1+£3 3+1=+1
Non-collision background 640 + 40 + 60 22+7+2 - -
Total background 344400 + 900 + 2200 + 12600 25600 + 240 £ 500 £900 2180+ 70+ 120+ 100 380 + 30 + 60 + 30
Data 350932 25515 2353 268
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