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Since we are dissecting the LHC results...

| will try to do my part, dissecting the MET

- aka: why we did not find
(yet) an astonishing excess
of events when we try to
unbalance them.
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An event display...

@ATLAS

EXPERIMENT
http://atlas.ch

b
electron

o~

electron

Run:

Event:

Date:
Time:

209/8/7
1441006606
20172-09-05
03:57:49 ULTC



Another event display...
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Another event display...
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.and here the last!

@ATLAS

EXPERIMENT
http://atlis. ch'\/

——
=
 J
/ .
| N
J ™
§ \.
.
‘
\ i
\. / ',_‘
‘ ‘ \
‘\ ‘,/ ‘.‘
A  J \
\ I" \
1 ‘1 \\
. ; X
\“ \‘ \\
—_ J ‘
| ~— / '
| ~ / '
= J .
—__/ ‘
—_/ :
| ~ ,
[ ~ \
| \
/
J

/ \.“x‘ I\
/ .‘\'. ‘
N \ S ::::‘\ '.1
\ | N S ,-*;f;’: - ’.
Run: 204763 o« %
Event: 49333326 \ L N \
Date: 2012-06-09 \ —
Time: 16:08:25 CEST




.and here the last!

@ATLAS

EXPERIMENT /0 B .
http://atlas. ch'\/ ‘

\ |
. / I'\
“‘\‘ 1
\ N\ ‘ \ L NN !
~ \ e & NN |
Run: 204763 \ N

- \ \ NG | ',
Event: 49333326 \ N AN O ; /
Date: 2012-06-09 \ i 9 N\ N\, f
Time: 16:08:25 CEST \ \ \ i /



...and here the last!
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Why*?

- Problem (hole) with the detector? - Several check to make
sure we are not encountering problematic issues

Inner Tracker  Calorimeters  Muon Spectrometar Magnets Trigner

Pixel  SCI TRT LAr Tile MCT  EPC  OSC  7GC Solenod  Terow L1

989 999 997 993 98.9 9208 938 990 999 99.1 97.2 8.3

Good for physics: 93-95% (33.3-33.9 fh!)

Luminosity weighted relative cetector uptime and gooc data quality efficiencies (in %) during stable bzam % ATI'. AS ' ! Sele;:tions ' f
ir pp collisiors with 25ns bunch spacing at vs-13 TeV betweaen Aoril-October 2016, correspencing 1o an (0] A ) o -~
irtegrated 'umnosity of 35.9 &', The toroic magret was off for some runs, leading to a loss of 0.7 fb', - 10° Preliminary 1 pQ + Collisions
Analyses that den’t require the toroid magnes can use that data. ~ F [ ] -Nosingiecall -
8 1 05 L Data 2010 jets in HEC i
.E = L..=03nb’ —— + No bad quality 2
L 4 0‘ \s=T7TeV jels in EM-Calo
. . F 4.5 ===== Min.bias MC
-+ Only events in which all the . - |
E
detectors had good quality [
10 E
of data, and not bad jets, fof
are used In analysis 1L
0 80 100

ET® [GeV] 10



Why*?

- Physics origine: neutrinos produced by SM processes:

- W(lv) in W+jets, di-boson, multi-boson, single top, ttbar+X, HWW), WH, etc...
* Note that BRW—1Iv) ~ 32.4%

- Z(w) In Z+jets, di-boson, multi-boson, H(ZZ), ZH, etc...

- Note that BR(Z—w) ~ 20%
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Standard Model Total Production Cross Section Measurements
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Standard Model Total Production Cross Section Measurements
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Why*?

- Physics origine: neutrinos produced by SM processes:

- W(lv) in W+jets, di-boson, multi-boson, single top, ttbar+X, HWW), WH, etc...
* Note that BRW—1Iv) ~ 32.4%

- Z(w) In Z+jets, di-boson, multi-boson, H(ZZ), ZH, etc...
- Note that BR(Z—w) ~ 20%

- Physics origine: New physics with weakly interacting particles
- Dark Matter candidates

- Lightest Supersymmetric Particles

+ etc etc...
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ATLAS SUSY Searches* - 95% CL Lower Limits

Status: March 2017

ATLAS Preliminary
V5=7.8,13TeV

Model eILTY Jets ETT [Laqm™) Mass limit Yi=7.8TeV [{i=i8TeV Reference
Ll Ll L] L] L) Ll L] L} ‘ Ll L} Ll L) Ll L L]
MSUGHA'CMSSM 0-8e.u-8r 2-10)et83h Yes 203 |4k 1.85 TeV mig)-riel 150706585
%9 4‘?’:6 0 268ts  Yes 351 M 20 G, (L* pen Glem2* gen.g) ATLAS OONF 201 7 022
B W3- c{omvrossedl mono-et 1-3els Yes 32 mig) mit s Gay 16007773
ELE W 0 28 s Yes 351 mi S 1200 GeY ATLAS-GONF-201 7-022
o, &"’W‘l —ow“",{| 0 &6 ets Yeg 3.1 m(i‘)-i’ﬂb(‘sv. M?]-O.S:m-:ﬁlongf) ATLAS-DONF-2017-022
I, & gglll! w}\"‘ Jep 4 jets g 132 mi¥ <400 GeY ATLAS-CONF-2015-057
T, G-eqgWLE) 20pI88) D3El Ve 132 mi¥") Z500CaY ATLAS-DONF-201 5-037
.g GMSE (£ NLSP) 1-2r+0-1¢ 0283 Vas 32 1607.05072
% GGM (5n6 NLSP) 2y - Ves 32 e {NLEF)-0.1 mr 160609150
g  GGM (hggsing-ting NLSP) ¥ Th Yes 203 M50 GEY o+ NLSPL<0, 1mm, u=0 1507.05693
=  GGM (higgsina bino NLSP) ¥ 2 jols Ve 13.3 mi{F =580 GV~ NLSP<0. 1mm, yah ATLAS-CONF-201 5066
GGNM (higgsine NLSP} Zeoal(Z)  Zjws Yis 203 miNLSP 430 GaY 160603280
Grawvitino LSP o] mane et Yes 203 miGYr-1.8% 107"\, mig)-mig)-1.5 Tov 15001518
i i, ..;f-.m" 0 ab Yeg 381 M) e500 GeY ATLAS-CONF.201 £-021
22,8 0-16,u ab Yes 351 mir 1200 GeV ATLAS CONE 2017 021
T me i g—obe‘c, 0-1e,u 3b  Yer 201 M e300 GeY 1807 0530
blbl 5 -’b!fn 0 26 Yag 32 mg 1 100GeY 160608772
ININS _.w. 2e0 |88 16 Yes 132 M1 5D GaN mu‘ 1= M -100 eV ATLAS-CONF-2016-037
fify, obd? 0-2eu 1-2 & Yaa 4.713.3 mif*s = 2rge ), met =50 Gav 12092102, LS CONF 2016 077
£i,0 —»wm cr o) 02 02)6ts1-28 Yos 203 Pl Gev 150608818 ATLAS-CONF-2017-020
§ &4y, ) 0 monciel  Yes 32 mif FmiE1=5 GV 180407772
i.7)(natural GMSA) 2eulZ) Th Yes 203 M )=150 Cav 1008 5222
i :,.ﬂ. i +7 3eull Th Vs 351 mif =0 Gev ATLASCONF-201 /119
L, =i +h 1-2 6, 4b Yes 351 M =0 Gt ATLAS CONF 201 7-019
gfuz. (—9&‘1 geu Q Yas 203 miE =0 GV 148035239
TR Y] gep a Yes 133 miF] bl Gl IE, PO 5imiFT bemi ) ATLAS CONF.2015.008
x’x , Q"—on(ﬁw') 2r . Yee 148 m{y llGoV i, 71=0.5(m % | hemik ) ATLAS-CONF-201 6-086
= x‘ _ﬁ_.;, m L, LT Jeu 0 Yes 133 mAT M) miE e, mid, P ST 1-mie ATLAS - CONF 2015006
o H 236 D2@lE  Yes 203 mir - mieh), miii-0, 7 dacauplad 1400.5054, 1402.70C9
:’ﬂ-u mj';:)' heobh Wiy ST 026  Yes 203 m.,.v‘;.mn’;). i 1et, £ danaupizd 150007110
A}' TS Ty el deu ] Yeg 203 mEZH-mid), miT -0, mid. #-0.5miES e md ) 1405 5038
GOM (wina NLSP) waak prod. 1oy Yes 203 creimm 1507.065493
GGM (pno NLSP) weak prod. 2y - Yeu 203 cr<1mm 1507 0550
Cirect 7’7 prod., lcng-ived f*  Diszpp. kTl Yes 351 MiES -miE 1180 NeV. (i 1=0.2 re ATLAS-CONF-201 7-017
Cirect ¥ 77 orod. long-ived I*  aEidx 1% - Yos 184 M i =160 N, i <15 e 150605332
g Slable, stupped # R-hadron 0 1585 Yas 279 M 100 GV, 10 yevn2)+1000 & 13704584
Stable § S-hecron trk ) = 32 16U6.05129
2 Metastatie 3 R-hadron oEidx Ir< - - 32 miE 100 GaV. =102 1B0M.04520
o GMSB, stable =, 2 —1ie, i ey - 2# - - 19.1 102550350 1811 5756
~ GMSS, 710, long-lved 7} v Yee 203 12173 ns, 5938 madel 1400 5542
o0, X -*ﬂ.’v fepvipuy alepl. eefenfup - - 203 1.0 TevV 7 eend” w740 MM, mid)=1 3 Tav 150405162
GGM 33, X) —2G depl. vix - jele 203 1.0 TeV € woe(E e 430 mm, miE|=1.1 T2V 1504.05162
LV pp—tvy = X, vo—teuforijer CHCT T A =001 A 30007 160708079
Biinear APV CMSSM 2epI88)  03p Ve miP=-riE), ens et mm 1404 2500
X’J" .X‘”—OVN )3‘ —oev epv,ppy de g miFS 400G, iyz20 = 1,2 ATLAS CONF 2016 075
- BB AW Bl er:  Bepsr T Yes 120, 2xmiF; ), Appsd 1408 5086
e, n—om 0 45 lgeeRjuls - BRI =BAIY=ER [1)=0 ATLAS CONF 2016 057
& 28, ﬂ—’wf L E = aia 0 4ShmeRicts - m(E =800 GeV ATLAS-CONF-201 5-057
2.3 ), ¥ gag Tep B10jel04b - miFSi- 1 Tov, 41240 ATLAS CONF 2017 018

53 g—nll ll—ob.& Ten B10|etaD4L

mii =1 TeV, dgs2l

ATLAS GONF 2017 013

©1, 0 abs 0 2igls+ 206 - ATLAS-CONF-2015-022, ATLAS-CONF-20° 5-C04
.77, f=eh¢ Zen 20 = BRIT —he/p=20% ATLASCONF-201 5015
Other Scaler cham, i—ck| o] e Y mifS 200 GaY 1507.01325
‘Only a seleclion of the available mass limils on new slales or . L S
phénomena is shown. Many of the limits are based on Mass scale [TeV] 15

simplified models, c.f. refs. for the assumptions made.



ATLAS SUSY Searches* - 95% CL Lower Limits

Status: March 2017

ATLAS Preliminary
V5=7.8,13TeV

Model e&ImLT,Y Jets JLdam™) Mass limit Yi=7,8TeV [Yi=i3TeV Reference
Ll Ll L] L] L) Ll Ll L} ‘ Ll L} Ll L) Ll Ll L)
MSUGRACMSSM 0-3e.ui1-2r 2-10)era’3f Yes | 2043 1.85 TeV mig)-riel 1507 OGhES
77, I}—Np’?g 0 eBets | Yes | 351 M 200G, (L® gen Qlemi2* gen. g ATLAS CONF 2017 022
B a J—aky éoormrsssedl mono-fet 13 ets i Yes 32 mig) mit s Gay 16007773
2T B gl ) zaetsfl ves | 351 miS 200 Gey ATLAS-DONF-201 7-022
. B —ea WET 0 zeets | ves | 351 M o200 eV, miE|-0.50m (T lmigl) ATLAS-DONF-2017-022
TR B gl ive T Jep 4 jets - 13.2 mi¥ <400 GeY ATLAS-CONF-2015-057
5. G—eqW 2T} ZepiSS) D3ets | ves | 132 mi¥®) <500Cay ATLAS-DONF-201 5-057
2 Gmss N 12re012 02t ves | 32 1607.05070
§ GGM (2 no NLSP) 2y - Vs 32 crNLEF 0. mm 180€.08150
2 GGM (higgsino-bing NLSP) ¥ Th Yes § 203 |2 mif$1=A50GEY o+ INLSP<0.1mm, u=0 150705693
=  GGM (higgsina bino NLSP) ¥ Z2jels Ve 13.3 mi{F =580 GV~ NLSP<0. 1mm, yah ATLAS-CONF-201 5066
GCM (higgsing NLSP} ZeulZ) 2 juls i 203 |2 900 GeV miNLSP 430 GaY 160G.03290
Gravitino LSP o] mano et Yes | 203 | P2 acus 865 GeV miGr=1.8% 107" o\, mi2-migi-1.8 Tev 150E015 18
g &k, B—bh¥? 0 ap f ves || 381 m{ 500 GeV ATLAS-CONF-201 £-021
2e, & k) 01 eu an Yas f 351 mir 1200 GeV ATLAS CONF 2017 021
£ me ZE. gebit) U1 b Yez | 201 |k M e300 GeY 1807 D520
By =¥ 0 2b vee | 32 | e eV mif 51100 GeY 160€.08772
bbby i) 2 e |88 16 ves | 132 |5 . 3256B85GeV miF )1 5D GaV. mitt |- mid =100 Qe ATLAS-CONF-2016-037
fif, it 0-2ew 12k f§ vee 47133 | & 117-170Gev 200720 GeV! mif*y = e ), mef =65 Gov 12092102, ATLAS CONF 2016 077
7.8, h—War! o e 02eu 02jts"-20 Yos | 203 |& 90198 GeV 205-950 GeV miF i1 Gev 150608518 ATLAS-CONF-2017-020
& &4y, iy ouf) 0 mancielf ves | 32 M FMUE =5 GV 180407772
i.7jinatural GMSA) 2o {2 1 Yes | 203 |7 150-600 GeV M )=150 Cav a0 522
28 Db G-i +Z Bew() b | ws | 31 | . 290-790 GeV mif" =0 Gev ATLASCONF-201 7018
iz, G—h +h 1-26p 40 Yes | 351 | & . 320880 GeV M =0 Gav ATLAS CONF 201 7012
b php, EoiE) 2e 0 ves | 203 90-335 GeV M )0 GV 18035234
f’l:«ﬁ-ﬁ —fv(tv) gep a Yos | 133 miE] bl GV, P, =0 5imiFT 3 emiE ) ATLAS CONF.201 50085
¥ T ) 27 . Yee | 148 m{F -0 GaV, miF, 71-0.5(m % | bemik )} AlLAS-CONF-201 5-056
= .i".'_'_’a—af;_!ﬁ(ﬁvl.t“vﬁ,tﬁ'v) Jeu 0 vas 133 mu.-;.mg%;: M 1=0, mOF P S -mi ) ATLAS CONF 2015096
o =) zE] 23eu  D2etsf Yes | 203 LR 425 GeV m{v -mied), mir)1-0, 7 dasauglad 14005054, 1402.70C9
it uﬂ‘nﬁ' bWy ST -2 Yas | 203 ,i’.ii 270 GaY mif*mmia ), M i=0, £ daoaupicd 150707110
A')_«fi 2y o lgf deu ¢ Yes f§ 203 i’}_, 635 GeY M -miTa), mi T -0, mid. #-0.5m S hemd ) 1405 5038
GO (wina NLSP] weak prod. Tepey ves i 203 | w 115-370 GeV cretmm 1507.065493
GGM (5no NLSP) weak prod. 2y - ves | 203 |W 590 GeV er<1mm 1607.0540
Cirect7'%, orod., long-ived £*  Diszop. k. Tiet | ves | 551 [ Eso Gen MUES -miF)-180 N, (i71=0.2 re ATLAS-CONF-201 7-017
Cirect ¥ 77 orod. long-ived I*  aEidx 1% - Yos | 184 |3 495 GeV M =160 NV, i 115 e 150605332
g Stable, stopped 2 R-hadron 0 TSets § Yes | 279 | & 850 GoV MU =100 GV, 10 pgnzic1000 ¢ 13704584
Stable § S-hecron trk . = 32 16U6.05129
g§ et I L hrovs
S 8 GMSB stable £, F{—1ie, ity 1-2p g o IREAI F 537 GoV 10<330F50 1971 673
~l GMSB, 77—, long-lved 7} 2y Yee i 203 2‘ 430 GeV 11133 n5, 5258 madel 1400 5542
0. K —eer ) epvivuy alepl. eefenfup - - 203 2‘ 1.0 TeV 7 eend” w740 MM, mid)=1 3 Tav 1504.05162
GGM 33, X) —2G depl. vix - jele 203 I& 1.0 TeV € el e 450 mm, miF|=1.1 TaV 1604 05162
LFVY pp—t¥y = X, vo—renfer ier CHCT T =001 Apgrneaa =007 160708079
Biinear RPV CMSEN 2e.p188)  Qab miF)=riEl, ey el mm 1404 2500
1, ff—ovc',!"‘f.fn—occv. cpvppy deq miFS 400G, iyz20 = 1,2 ATLAS CONF 2016 075
A1 A=W = v, em BepaT - M0 2%miFT ), Apnd 1806 5086
= a0 a-eag 0 45 largeRifls - BRIy BRI bR ()05 ATLAS CONF 2016 057
S 26, g—aa¥! Fl = aqa 0 45hbmeRijps i -B00 GeV ATLAS-CONF-201 5057
2.3 ¥ ¥ s qag Ten B10jels0-gb miFSi= T Tov, 11240 ATLAS CONF 2017 018
. =iy 2, 1y = 1eu 810 [etaD4o mii = 1 TeV, dge20 ATLAS GONF 2017 013
£:3), 1y abs 0 2jelse2 ATLAS-CONF-2016-022, ATLAS-CONF-2075-004
f.7], fy=ehé 2en 20 BRIT —he,pl20% ATLASONF-201 5015
Other Scaler chamm, i—ck| o] 2c mifi-200 ey 1507 01325
‘Only a seleclion of the available mass limils on new slales or
phenomena is shown. Many of the limits are based on Mass scale [TeV] 16

simplified models, c.f. refs. for the assumptions made.




ATLAS Exotics Searches* - 95% CL Exclusion

Status: August 2016

ATLAS Preliminary

|£dt=(3.2-20.3) b

\Vs=8,13TeV

*Only & selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when exclicitly nor excluded.

are denoted by the lettor ) (J).

tSmall raaius (large raaius

) jots

Model £.y Jetsi ET fram] Limit Reference
Al L ' Al L) L) LA B l L) L) L) Ll Al L) l Al L) L) L)

ALD G +u'a - z1j Yos 3.2 6.58 TeV nw=2 160407773

ADDQBH — gy 1e it 1) - 20.3 n—=96 1311.2006

ALL WBH - 2| - 15,7 8.7 TeV n=6 ATLAS-CONF-2013-C68

ADD BH high ¥ o+ 21eu 22 - 3.z 8.2 TeV a - 6,A 3 TeVrd BN 160602265

ADD Bl rrutjer - =3 - 3. 055TeV w=0Arn=3 eV ol EH 1512.02586

RS1 Gy = € 2e,u - - 20,3 kMo =01 14054723

NS Gew — vy 2y - - 3.2 K/ Moy = 01 1606.03823

Dulk BS Gug = W = qafy 1e <J Yis 13.2 kMo =10 ATLAS.CONF-2013.062

Bulk BS Gy — HH — bcbb - 1k = 13,5 kMo =10 AILAS-CONF-2016-048

Bulk ES gyex — * Tepw z1b 2 N Yoz Rel EXR = 0.52% 150507010

2UED [ RFP lepw 22b 24 ves 3.2 Tier (1,13, BR(AY — 22) =1 ATLAS.CONF.2018.013

SSMZ7 = 1 2, - - 13.2 Z' mass 4.05 TeV ATLAS CONM 20105085
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LRSI W, — b lea 2b07j Yez 202 14104703
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ATLAS Exotics Searches* - 95% CL Exclusion

Status: August 2016

ATLAS Preliminary

|£dt=(3.2-20.3) b

\Vs=8,13TeV
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A L ' A L) L) UL ' L L) L) L) Al L l Al L L} L}
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Yi=13Tev -1
- 10 1 10 Mass scale [TeV] 18
*Only & selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when exclicitly nor excluded.

tS&mall raaius (large raaius) jots

are denoted by the lettor ) (J).
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Building the MET:
Well established assumptions and measurements

How can we measure something that is not interacting
with our detector”?

Measure all the rest, and impose the momentum
conservation!

- 0= >2(what we see)+>(what we do not see)
(oold meaning 2D vectors in the plane transverse to

the beam axis)

- 2(what we do not see)= - >2(what we see) = MET
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What do we see” - First qualitative try

- Charge tracks:

Momentum of the charged particles thanks to the inner tracker (e,p,ch_had)
In|<2.5, pt > 500 MeV

- Energy depositions in calorimeters:

Energy deposition due to charged (e, ch_had) and neutral particles (y,neu_had)
Muons deposit ~2 GeV in the calorimeter.
In|<4.9

- Muon detector:
Muon momentum can be measured thanks to the combination of the inner tracker
and the muon spectrometer.
IN|<2.7 pr>7 GeV

- First "naive" option: Use the calorimeter, and refine the measurement adding
iInformation from the muon reconstruction when there are muons.
At the end, was not this one of the benefits in having a calorimeter up to |n|~5 ?
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From the calorimeter to the objects

- We can use the calorimeter information as it is, maybe with some
calibration to take into account the dead material in front of it, and the
non-compensating nature of the detector,

BUT:

- If we know that there are e, vy, T, jets in our event, maylbe we can do
better by using these objects, and their dedicated calibration
instead of the signals from the calorimeter
— Object based MET

- additional benefit: we can inherits from each individual object its

uncertainty.
This allows a consistent estimation and propagation of the errors.
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Suilding the ME

- Ingredients: miss - o : ;
- 188, miss,T miss,jets miss,u _ pmiss,Soft Term
E-Tay + E-Tey + E-Tay T El‘ey EI,?J

- Hard pT objects |
Electrons, p;>10 GeV, |n|<2.47
- Photons,
* Taus
* Jets
* Muons
- Rules to handle the overlap between objects
- Soft pT object
- They are needed to “close” the event
* Vectorial sum on the all these on the transverse plane

- Donel
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Suilding the ME

Ingredients: Emiss,T

miss __ pmiss,e
El‘.-y =K T,y

I,y

Hard pT objects
Electrons,
Photons, p;>10 GeV
* Taus
* Jets
Muons
Rules to handle the overlap between objects
- Soft pT object
- They are needed to “close” the event
* Vectorial sum on the all these on the transverse plane

Done!

miss,jets miss,u _ pomiss,Soft Term
+ E:l:.y + E:z:.y E:z:,y
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Suilding the ME

+ Ingredients:  _miss miss. e miss J— o : . |
- L s, 188,y  MASS,T miss,jets miss,u _ pomiss,Soft Term

STy g

- Hard pT objects

- Electrons,

- Photons,

* Taus p;>10 GeV, |n|<2.5

* Jets

* Muons
- Rules to handle the overlap between objects
- Soft pT object

- They are needed to “close” the event

* Vectorial sum on the all these on the transverse plane

- Donel
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Suilding the ME

. / miss,u _ pomiss,Soft Term
Ll T E;y

- Ingredients: E;’f;ss _ E’;’f;ss’e +E;:7};ss,'y _I_Eg;z;ss,f _'_:
- Hard pT objects |
- Electrons,
- Photons,
* Taus

© Jets p>7 GeV

- Muons

- Rules to handle the overlap between objects
- Soft pT object
- They are needed to “close” the event

* Vectorial sum on the all these on the transverse plane

- Donel
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Suilding the ME

* Ingredients: miss miss,e miss ' 1S5, ] ) '
- L s, 188,y miss,T miss,jets miss, Soft Term
E-’L'.-y =k T E-Tay + E-Tey + E-Tey El'ay

I,y

- Hard pT objects
- Electrons,
- Photons,
* Taus

- Jets

- Muons p;>5 GeV, |n|<2.7

- Rules to handle the overlap between objects
- Soft pT object
- They are needed to “close” the event

* Vectorial sum on the all these on the transverse plane

- Donel
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Suilding the ME

- Ingredients: L miss miss.e miss : . _ oo
. _ s, 188,y maiss,T miss,jets miss.;u  § pmiss.Soft Term
By =FBay " + Eay + Ezy + Eey t+ £y By

- Hard pT objects

- Electrons,
- Photons,
* Taus

* Jets

- Muons

- Rules to handle the overlap between objects
- Soft pT object ???
- They are needed to “close” the event

* Vectorial sum on the all these on the transverse plane

M no association
+ Donel to e,V,U,T,jetS
SOft Termzs



Suilding the ME

+ Ingredients: . miss miss.e iss : L : .
- L s, 188,y miss,T miss,jets miss.u . pmiss,Soft Term
EI’y o Ex’y T E‘r!y + El‘ey + EI‘y T El“y E-Tsy

- Hard pT objects

. Electrons, ExySoftlerm =3 py v what is left out from the hard objects
>
- Photons, E
* Taus
e
* Jets
* Muons

- Rules to handle the overlap between objects
- Soft pT object

- They are needed to “close” the event

* Vectorial sum on the all these on the transverse plane

M no association
+ Donel to e,V,U,T,jetS
SOft Terng



SoftTerm: How to measure it?

- Which options do | have to measure the soft terms?
- Option 1: Depositions in the calorimeter
- + It has a good coverage in pr and n
- - 1t suffer from pile-up:
+ deterioration in resolution:
do"°*°/d(NPV)=0.5 - 1. GeV per addit. primary vertex

for NPV=30:
Resolution ~20-30 GeV just from pile-up effect on soft terms
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SoftTerm: How to measure it?

- Which options do | have to measure the soft terms”
- Option 2: Tracking

-+ We can identify the primary vertex, and suppress any pile-up
effect (but we need to identify the right primary vertex)

- - it suffer from: missing the neutrals at low pr + forward region

- MET resolution due to Soft Terms done with tracks: 8 GeV.

- But we are slightly underestimating the Soft Term.
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Events /10 GeV

Data/MC

Eur. Phys. J. C77 (2017) 241

Measuring EtMiss where
we expect no EtMiss

Using calorimeter clusters for the SoftTerms Using tracks from PV for the SoftTerms
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Measuring EtMiss where
we expect no EtMiss

- Using the tracks from the

primary vertex as soft terms
seems to allow an improved
resolution (lower MET values)
In events with no real MET.

- By the end of the Run1 it

become the new standard in
ATLAS, and it is our default
algorithm right now.

- BUT, we do not leave just of

33

resolutions in events without
EtMiss

Events / 10 GeV

Data/MC

Eur. Phys. J. C77 (2017) 241

Events with MET ~50 GeV
diminished by ~ a factor 4

N AR DR | | I
10 ﬁ"—ATS . -»- Data 2012
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10° W Z—pp
10° tt
‘0" ATV
10°
102 - 11 e _
10 ......................
1
- e
06|l|_+—||
0 50 100 150 200 250 300

TST Ef* [GeV]



—tMiss where
NO EtMISsS

Measuring
We expect

EmiSS RM

y

- Again resolution, and its
dependence on pile-up and
activity in the event

+ 2E7(CST) is the scalar sum of
the transverse energy, using
calorimeter clusters for Soft
Terms
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Measuring
We expect

—tMiss where
NO EtMISsS

35

But for searches are are
Interested in tails:

Step 0: Make sure that we do
not have problematic events
(detector malfunctioning)

Step 1: reduce as much as
possible the tails in SM events
where do not expect real MET

Z+jets: reduction of a factor
10° for MET>120 GeV

Efficiency [%]

_I.A
o <

10

1072

Eur. Phys. J. C77 (2017) 241
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—tMiss Response

36

In events with O truth MET, we expect
the the MET to be average O,
irrespectively of the direction in which
we project the MET.

This is what we seeinx ory

directions.
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In Z+jets we have another interesting = ATLAS 3
directing to test: the Z direction. < e 2o e - 3
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we expect 1 for a perfect response T e
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—tMiss Response

37

In events with O truth MET, we expect
the the MET to be average O,
irrespectively of the direction in which
we project the MET.

This is what we seeinx ory

llllllllllllllllll
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—tMiss Response

In events with O truth MET, we expect
the the MET to be average O,
irrespectively of the direction in which
we project the MET.

This is what we seeinx ory
directions.

In Z+|ets we have another interesting
directing to test: the Z direction.

So doing <(MET+p1(2)) // Z > / p1(2)
we expect 1 for a perfect response

MET+p1(Z) is the recoil of the Z boson
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From EtMiss Response to
Soft Term performance

<(MET+pt1(2)) // Z > / p1(2)

<MET // Z>

39
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From EtMiss Response to
Soft Term performance
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From EtMiss Response to
Soft Term performance
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From EtMiss Response to
Soft Term performance

o () ]?.’Tm«.
IR S ‘miss BT
oA ppise P
N VN N
) \\\ l. / .-.'_._.r'- -
N, ‘\ r ~ ."" K
L‘{:’:F —" i
soft truc )
Py »>

_sofi b

T.J.Khoo - ATLAS HCW 2¢A13



From EtMiss Response to
Soft Term performance
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- If we use all the Z+ets
“| particles, we get W+Jets

.| perfect soft term- TTBar
- not so surprising... <SL>=<§preoft // prhard

80r

NN TN ENERE NN 11 r11 1l el
0 10 20 30 40 50 60 70 80 90
ptHard [GeV)

e, u: pT>7 GeV and |n|<2.5
jets: anti-kt with R=0.4 with pT>20 GeV and |n|<5
All the rest enters in the Soft Term regime. »
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Soft Terms - Truth studies Y
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|If we do not use any

| soft term, we have a bias of the MET
{in the direction of the pthard as big as
1the pThard_

“~.INOTE: prhard=p1W/Z for W/Z+jets

We need the soft terms!
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Soft Terms - Truth studies
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It we use only the charge particles,

|lwe recover ~ 60% of the bias from

not using any soft term

ce between samples.
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ptHard [GaV]

Not a big differen

Soft Terms - Truth studies
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Soft Terms - from truth studies to measurements
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Systematics

Eur. Phys. J. C77 (2017) 241
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Soft Terms - from truth studies to measurements
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Soft Terms - from truth studies to measurements

Using this
iInformation to
estimate the
systematics
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Measuring &

where we ex

'Miss
nect

—tMliss

- Z—pp is particularly interesting
to measure how well we
"close" the MET, but no “real”

MET in it.

+ Checking in events with real

MET:

- W+jets
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Measuring EtMiss
where we expect EtMiss

<mT-m$'“e> [GeV]

Even if we have some
convolution of the resolution
with the shape of the
distribution of the particle level
mT, we can check the linearity
of our MET, and its angular

resolution.

- | C I. R l L DL | [ L
& 250 ATLAS Simulation [
E!): : 1s=8TeV — CST :
§, 200l W spv Inclusive — STVE ]
- L JJ —TST i
[ EJAF i
150 — Track m
- — Truth il
100 :
50— =
|’ el g h N[O | 1 2 il

0 20 40 B0 80 100 120 140

Fur. Bhys. J. C77 (2017) 241

| | | ] 1 T I

" resolution

-

-~ effect+
—-mT>0

40

30

0% -+

1 I |} I 1 I I I I 1 I I I

[ T T NN T NN T N S R S

ATLAS Simulation 2
Vs = 8 TeV
W-—-pv Inclusive

—o— CST
v STVF
—— IST
EJAF
—+— Track |

80 100 120

mTe [GeV]

- {s=8TeV

- ® Wopv Inclusive

RMS(AG) [rad]
i

e

T
- ATLAS Simulation

missing the neutrals—j

e,

1'["]’]1 T g 9 P
- CST

v STVF
. TST

p—

EJAF
—+ Track

Lllllllllllll

..._" _’ . -9

transition due to jet
below threshold

E:\ISS,TNQ [GeV]



MET or not MET

ATLAS adopted different
definitions of MET significance

All based on the assumption that

o(MET) is proportional to sgrt(ZE+)

Good assumption
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MET or not MET

ATLAS adopted different
definitions of MET significance

All based on the assumption that

o(MET) is proportional to sgrt(ZE+)

Good assumption fo
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ATLAS-CONF-2017-024

Model dependent limits A0
b \

We have seen Iin these days several
analysis using MET to categorise g X
events, or its shape to look for excesses.

In most of the cases, these are interpreted in some model.

o o 450
Model dependent limits are 3

provided, u§ually for "simplified” = s00[-./

models, which can be S

re-interpreted in others. 350 }’ P

....................

1
1400 'O
m.. [GeV]

95% CL observed limit on ¢®%/g™"



ATLAS-CONF-2017-028

A bit more of iInformation

Events / bin

- Attempts to provide limits
which are less model dependent.
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1606.05296

Unfolded measurements

- Unfolded measurements can provide very useful information on excluded phase space for searches.

- An example: 7 TeV ATLAS dijet cross section measurement, used to put limits on contact interaction.

- Another example: Butterworth et al. (1606.05296)

Conrunr Catcgory

Itiver/ Inspire 1D

1livet description

ATLAS 7 Jets

CMS 7 Joets

ATLAS 8 Jots
ATLAS 7 Z Jets
CMS 7 Z Jets

CMS 7 W Jets
ATLAS 7 W jots
ATLAS 7 Photon Jet

CMS 7 Photen Jet
ATLAS 7 Diphoton
ATLAS T ZZ
ATLAS W/Z gamma

ATLAS 2014 11325553 [28)
ATLAS 2014 11268975 (30|
ATLAS 2014 11326641 [32]
ATLAS.2014.J1307243 [31]

CMS_2014_T1298810 [29]

ATLAS 2015 11394679 [34]
ATLAS 2013 11230812 [33]
CMS 20135 11310737 [38]

CMS 2014 11303894 [37]

ATLAS 2014 11319400 [36]
ATLAS 201311263405 [42]
ATLAS 2012 11093738 [44]
CMS 2014 11266056 [43]

ATLAS 2012 11199269 [43]
ATLAS 2012 11203832 [39]
ATLAS 2013 11217863 [40]

Measurement of the inclusive jet cross-section
High-mass dijet cross section
Jjet croes section

Measurements of jet vetoes and azimuthal decorrelations in
dijet events

Ratios of joeu pT spoctra, which relate to the ratios of inclusive,
diffcrential jet cross scctions

Multijets at 8 TeV

Z | jets

Jet multiplicity and differential cross-sections of Z+jets events
Differential cross-section of W boesons + jets

Wl jots

Inclusive isolated prompt photon analysis with 2011 LHC data
lsolated prompt photon | jet cross-section

Photon | jets triple differential cross-section

Inclusive diphoton +X events

Measurement of the ZZ(+) production cross-section

W/ Z garnma produoction
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Unfolded measurements

16006.05296

- Unfolded measurements can provide very useful information on excluded phase space for searches.

- An example: 7 TeV ATLAS dijet cross section measurement, used to put limits on contact interaction.

- Another example: Butterworth et al. (1606.05296)
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Unfolded measurements

- No unfolded measurement of MET distributions
- Is it doable?

- MET is a complex variable, but we are getting more and
more experience and understanding on it

- Is it worth doing it?

- If yes, what can we measure? SM background with
“equivalent” final state? how easy would be to use it?
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Conclusions

- A

lot of progresses in MET definition since the LHC first

collisions

- (and for the moment we managed to avoid big wrong

M

tails - spoiling our searches and measurements)

- [ used In several different ways, and several different

final states, from precision measurements to searches, to
removal of hard to model backgrounds.
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CMS

- as far as | understand, these are the resolution, after
taking out the "bias”
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CMS

- as far as | understand, these are the resolution, after
taking out the "bias”
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