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Ceci n’est pas de la matière sombre
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direct  answer:  limit  on  Nsig  ~  σ 
 

can  probe 
EFT:  suppression  scale  M*~  σ(-‐1/n)  
Simplified  models:  gSMgDM  ~  σ(-‐1/n)  

 

can  tell 
𝛘-‐nucleon  sca9ering  σ  

does  need 
data-‐driven  bkg  esOmaOon  to  reduce  modeling  

uncertainOes  (discovery  is  in  tails!)
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best  channel  for  ISR  fans  (you  pay  only  αs  >  αEM)

one  anOkt(R=0.4)  jet  with  pT>120  GeV,  |η|  <  2.0,  MET  >  150÷700  GeV

Ev
en

ts
 / 

G
eV

-310

-210

-110

1

10

210

310

410
Data 2012
SM uncertainty

)+jetsν l→W(
 + single toptt

Di-boson
 ll)+jets→Z(

 ATLAS
-1=8 TeV, 20.3 fbs

>150 GeVmiss
T

) CR, Eνµ →W(

 [GeV]miss
TE

200 400 600 800 1000 1200

D
at

a/
SM

0.5
1

1.5

“MET”  in  W(µv)+jet  CR  [~pT(W)]

Ev
en

ts
 / 

G
eV

-210

-110

1

10

210

310

410
Data 2012
SM uncertainty

)+jetsνν →Z(
)+jetsν l→W(

Di-boson
 + single toptt

Multi-jet
 ll)+jets→Z(

GeV =670*GeV, M M=100D5 
TeV =3Dn=2, MADD 

eV -4=10
G~

TeV, M =1g~,q~M g~/q~+G~

 ATLAS
-1=8 TeV, 20.3 fbs

>150 GeVmiss
TE

 [GeV]miss
TE

200 400 600 800 1000 1200

D
at

a/
SM

0
0.5

1
1.5

2

MET  in  SR  (lepton  veto)

dominant  Z(vv)+jets,  W(𝛕v)+jets  from  CRs  with  leptons

bkg  uncertainty  ~3÷6÷14%  (top,  diboson,  V  pT  modelling,  JES/JER…)

~45k
~1k

~0.1kSM:

EPJ  C  (2015)  75:299  

transfer  factor



V.  Ippolito  -‐  Mono-‐X@ATLAS  -‐  Aug  24th,  2015

Fat-Jet + MET

7

W/Z  hadronic  decays,  unique  probe  for  u  vs  d  quark-‐DM  couplings
Cambridge-‐Achen  (R=1.2),  mass  drop  filter,  50  <  mjet  <  120  GeV,  MET>350÷500  GeV
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probes  also  DM/Z  coupling  using  Z  leptonic  decays  
isolated  electrons/muons,  pT  >  20  GeV,  |η|  <  2.47/2.5,  76  <  mll  <  106  GeV  

mll  in  2µ  CR
MET  in  SR

MET  >  150÷450  GeV  balanced  against  Z
dominant  ZZ(vvll)  (MC),  WW(lvlv)  from  ev  CR,  V+jets  from  ABCD  (MET  vs  ηll)  or  △Φ/MET  fit

bkg  uncertainty  ~40%  (theo)  ⊕  5%  (JES,  lepton  E  scale),  validaOon  in  4l/3l/eµ  CRs

PRD  90,  012004  (2014)  
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complementary  to  jet+MET,  unique  for  Fermi-‐LAT  excess  @  130  GeV
Oght,  isolated  photon  with  pT  >  125  GeV,  |η|  <  1.37,  up  to  1  jet

“MET”[~pT(Z)]  in  2µ  CR MET  in  SR  (lepton  veto!)

MET  >  150  GeV  (SM  ~560  evts)

dominant  Z(vv)+𝛾,  W(lv)+𝛾  from  simultaneous  fit  to  dilepton,  1-‐lepton  CRs

bkg  uncertainty  ~5%  (e→𝛾  fake,  lepton  ID/energy  scale),  validaOon  at  low  MET

PRD  91,  012008  (2015)  
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special  sensiOvity  to  scalar  interacOons  &  GalacOc  Center  excess
4  SRs:  b+DM,  bb+DM,  F(had)+DM,  F(semi-‐lep)+DM  [~stop]

MET  in  b+DM  SR

1/2  b-‐tag  +  MET  ⊕  low  njet  (SR1,2),  razor  (SR3),  1  lepton+mT/amT2/topness/mjjj  (SR4)
dominant  Z(vv)+jets  (SR1,2,  from  Z/𝛾+jets),  Fbar  (SR3,4,  from  orthogonal  semi-‐lep  CRs)

bkg  unc.  ~10/10/7/20%  (flavour,  top  pT,  showering,  stat.)

EPJ  C  (2015)  75:92
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trying  to  relate  the  Higgs  sector  to  DM  (especially  for  mDM  >  mH)
Oght,  isolated  photons  (à  la  H-‐>𝛾𝛾),  105  <  m𝛾𝛾  <  160  GeV

m𝛾𝛾  in  SR  (data  vs  MC)

m𝛾𝛾  in  SR  (fit)

MET  >  90  GeV,  pT(𝛾𝛾)  >  90  GeV  (balanced  𝛾’s)

from  sidebands  (non-‐resonant),  except  H+MET  (ZH,  WH)

H+MET  bkg  uncertainty  ~6%  (theo)  ⊕  4%  (𝛾  ID,  E  scale,  JES)

arXiv:1506.01081,  subm.  PRL
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Q<<Mmed=M*√gSMgDM  EFT  
validity  requirement  makes  

comparison  with  DirDet  tricky…

jet+DM  best  player  on  the  DirDet  
EFT  plane  for  low  mDM,  but…
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⊕  plethora  of  simplified  models  (being)  considered  to  exploit  full  
LHC  reach  ☞  we  can  really  say  more  than  simple  ISR  EFT…

b+DM

M*  limit  depends  on  Q  vs  Mmed! upper  limit  on  couplings  vs  lower  
limit  from  relic  abundance
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Starting Blocks!
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early  data  -‐>  understand  &  

reject  NCB…

ready  for  triggering  𝛾+DM

~80  pb-‐1  of  intense  work  to  
commission  detector  and  analyses
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~80  pb-‐1  of  intense  work  to  
commission  detector  and  analyses

➭  we  are  sharpening  our  
discovery  tools,  the  best  is  

yet  to  come…

EXOT-‐2015-‐005
EXOT-‐2015-‐006
EXOT-‐2015-‐007



V.  Ippolito  -‐  Mono-‐X@ATLAS  -‐  Aug  24th,  2015

Surprises

15

<intenOonally  le�  blank>



V.  Ippolito  -‐  Mono-‐X@ATLAS  -‐  Aug  24th,  2015

Tommy Atlas, can you see me?
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our  sky:  Run-‐2!

our  telescope:  LHC  as  a  probe  for  DM  

ATLAS  can  be  compeRRve  with  DirDet
extend  reach  to  low  mass  WIMPS

probe  different  simplified  scenarios

ulOmately,  produce&study  DM
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look  carefully:  opOmise  detector  and  techniques  for  high  pT  regime

look  everywhere:  beyond  EFT,   
X+inv  w/simplified  models,  dijet  (look  for  mediators  directly)…

jet+DM:  √s  is  gonna  ma9er!

new data will tell us!

joint  ATLAS+CMS  strategy  on  simplified  models  (arXiv:1507.00966)
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Q&A
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Question Typical Answer 
Provider Mr. X 

is it really only about 
gravitation? jet + MET fermion, scalar

explain Fermi-LAT 
excess? 𝛾 + MET fermion

explain Galactic 
Center excess? b-jet + MET fermion, complex 

scalar

related to the Big 
Discovery? H(𝛾𝛾) + MET fermion, scalar



V.  Ippolito  -‐  Mono-‐X@ATLAS  -‐  Aug  24th,  2015

Operator, Please?
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DM-SM interaction C1 C5 D1 D5 D8 D9 D11 H Z𝛘𝛘 𝛾𝛘𝛘 Z’ b-
FDM

channel / interaction SI SD SI

jet + DM x v x v v x v v

fat-jet + DM x x x/v* v x

b/bb/tt+DM v v x v

Z(ll) + DM x x x v

𝛾 + DM x x x v x

H(𝛾𝛾) + DM v

x  =  sensiOve,  v  =  best  observed  limit

*  unique  for  u/d  coupling  interference

EFT SimMod
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Operator, Please!

20



V.  Ippolito  -‐  Mono-‐X@ATLAS  -‐  Aug  24th,  2015

MonoJet (Sel, Bkg)
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EPJ  C  (2015)  75:299  
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MonoJet (CR1µ)
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EPJ  C  (2015)  75:299  
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MonoJet (CR2µ)
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MonoJet (CR1e)
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MonoJet (CR2e)
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MonoJet (Yields)
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MonoJet (SR)
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EPJ  C  (2015)  75:299  
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MonoJet (SR, MET > 500 GeV)
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EPJ  C  (2015)  75:299  
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MonoJet (SR > 500 GeV & ADD)
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MonoJet (M*)
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MonoJet (M* and SimMod)
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MonoJet (DirDet limits)
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MonoPhoton
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PRD  91,  012008  (2015)  
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MonoPhoton (M* limits)
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MonoPhoton (DirDet&SimMod)
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PRD  91,  012008  (2015)  
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MonoPhoton (EFT, ADD, compressed squarks)
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Mono-W/Z hadronic
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Mono-W/Z hadronic

38
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Mono-Z leptonic
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Mono-Z leptonic
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Mono-B
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Mono-B
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