
Highlights	
  from	
  EPS	
  HEP	
  2015	
  
Dieter	
  Zeppenfeld	
  

Karlsruhe	
  Ins>tute	
  of	
  Technology	
  



Excellent	
  conference	
  with	
  many	
  beau>ful	
  results	
  
presented	
  in	
  talks	
  and	
  posters	
  

•  41	
  plenary	
  talks	
  
•  425	
  talks	
  in	
  36	
  parallel	
  session	
  
•  194	
  posters	
  

Selec>on	
  of	
  some	
  highlights	
  cannot	
  do	
  jus>ce	
  to	
  all	
  the	
  
great	
  physics	
  discussed	
  during	
  the	
  past	
  week	
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Outline	
  

•  The	
  Higgs	
  and	
  its	
  friends	
  
•  Resonance	
  searches	
  
•  First	
  results	
  from	
  run	
  2	
  of	
  the	
  LHC	
  
•  The	
  ridge	
  
•  NLO	
  and	
  the	
  NNLO	
  revolu>on	
  
•  Cosmology	
  
•  Heavy	
  flavors	
  
•  …	
  and	
  more	
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  Savard	
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Search	
  for	
  heavy,	
  narrow	
  resonances	
  

Many	
  channels	
  
•  Dijets	
  
•  Photon	
  pairs	
  
•  Lepton	
  Pairs	
  
•  Pairs	
  of	
  heavy	
  bosons	
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Di-­‐jets	
  
•  Classical	
  bump	
  search	
  –	
  narrow	
  resonance:	
  up	
  to	
  widths	
  20-­‐30%	
  of	
  the	
  mass	
  

•  Simple	
  –	
  Data-­‐driven,	
  background	
  parameterized	
  by	
  smooth	
  func>on	
  

•  Powerful	
  –	
  generic	
  search,	
  many	
  interpreta>ons,	
  high	
  mass	
  reach	
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CMS:	
  PRD	
  91,	
  052009	
  (2015)	
  	
  

§  Excluded	
  resonances	
  with	
  masses	
  of	
  2	
  –	
  5	
  TeV	
  depending	
  on	
  model	
  

Mikulec	
  

Talk	
  by	
  Clerbaux	
  



Di-­‐photons	
  
•  Sensi>ve	
  to	
  spin	
  2	
  (RS	
  graviton)	
  or	
  spin	
  0	
  (heavy	
  Higgs)	
  resonances	
  
•  Clean	
  topology	
  with	
  well	
  understood	
  SM	
  γγ	
  background	
  (Higgs	
  searches)	
  
•  Challenge	
  is	
  the	
  photon	
  reconstruc>on	
  and	
  ID	
  at	
  high	
  energies	
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  PAS	
  EXO-­‐12-­‐045	
  ATLAS:	
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§  Limits	
  on	
  RS	
  graviton	
  mass	
  1-­‐	
  2.7	
  TeV	
  (sensiQvity	
  similar	
  to	
  di-­‐lepton)	
  
Mikulec	
  



Di-­‐bosons	
  
•  Search	
  for	
  resonance	
  decaying	
  to	
  pairs	
  of	
  W,	
  Z,	
  H	
  
•  Challenging	
  topology:	
  

–  At	
  resonance	
  masses	
  above	
  1	
  TeV	
  the	
  decay	
  	
  products	
  
of	
  bosons	
  overlap	
  due	
  to	
  strong	
  boost	
  

•  Needs	
  dedicated	
  techniques	
  to	
  reconstruct	
  objects	
  
–  Specific	
  lepton	
  isola>on	
  
–  Grooming	
  techniques	
  (cleaning	
  pileup	
  and	
  noise)	
  
–  Boson	
  tagging	
  (jet	
  substructure,	
  jet	
  mass)	
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ATLAS:	
  arXiv	
  1506.00962	
  

CM
S:
	
  a
rX
iv
:	
  1
50
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01
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Boosted	
  
topology	
  

Difficult	
  to	
  
separate	
  

between	
  W	
  
and	
  Z	
  

Mikulec	
  



Cavaliere	
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Di-­‐bosons	
  –	
  excess?	
  
•  Moderate	
  excesses	
  observed	
  in	
  some	
  channels	
  around	
  1.8	
  –	
  2	
  TeV	
  

–  Global	
  significance	
  2	
  –	
  2.5	
  σ	
  	
  
–  Small	
  excesses	
  also	
  in	
  di-­‐jets…	
  

•  Excesses	
  of	
  2σ	
  not	
  unusual,	
  but	
  ATLAS	
  +	
  CMS	
  at	
  similar	
  place	
  =	
  excitement	
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§  Not	
  in	
  all	
  channels…	
  
§  Will	
  know	
  more	
  a\er	
  a	
  few	
  first	
  ^-­‐1	
  of	
  

Run	
  2	
  data	
  

ATLAS:	
  arXiv	
  1506.00962	
  

Interpreted	
  in	
  Heavy	
  
Vector	
  Triplet	
  (HVT)	
  
simplified	
  model	
  

CMS:	
  PAS	
  EXO-­‐14-­‐010	
  

Mikulec	
  



Luminosi>es	
  @	
  CMS	
  
 
●  Total delivered: 106/pb 

●  Total recorded: 83.5/pb 

●  Total recorded @ 3.8T: 61.8/pb 

●  Results @ EPS presented up to 
43/pb 
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  started	
  run	
  2	
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  delivering	
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Di-­‐Jet	
  Mass	
  Spectra	
  13	
  TeV	
  ↔ 8 TeV	
  

13 TeV 8 TeV 

● 13 TeV: 37 pb-1, Mjj ≤ 5 TeV, 8 TeV:19.7 fb-1, Mjj ≤ 5.15 TeV 

●  Close to Run 1 limit è interesting times  ahead of us J  

Borras	
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Hoecker	
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Reach	
  very	
  high	
  mass	
  nbar	
  pairs	
  

●  Top – jet 1:  
● m =177 GeV, pT =613 GeV 

●  Di-top jet Mass: 2491 GeV 

●  Top – jet 2: 
● m =176 GeV , pT = 488 GeV 

Borras	
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Hoecker	
  Top-antitop production at 13 TeV!
Extraction of top-pair cross section!

σtt (13 TeV) = 825 ± 49 (stat) ± 60 (syst) ± 83 (lumi) pb !

[ ATLAS-CONF-2015-033 ]!
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Properties of inelastic pp collisions at 13 TeV !
Key input to pileup and underlying event modelling, uses low-µ data  !

Average charged-particle multiplicity per unit of rapidity for η = 0 vs CM energy !

[ ATLAS-CONF-2015-028 ]!
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Near-side (Δφ ~ 0) “ridge” shape in Δη–Δφ seen in pp, pPb and  PbPb collisions!
Unexpected effect of collective dynamics. Increases with particle multiplicity and moderate pT #

Two-charged-particle correlations!
In high-multiplicity pp collisions using low-µ data!
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[ Enhancement found to be also 
present at Δφ ~ π, when subtracting 
hard scattering contributions ]	
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[ ATLAS, 1504.01289 ]!

CMS, pp at 7 TeV: 
Nch > 110, 1.0 < pT < 3.0 GeV!

ATLAS, pPb at 5.02 TeV: 
Nch > 220, 1.0 < pT < 3.0 GeV!

ATLAS, PbPb at 2.76 TeV: 
Centrality 0–5%, largest 10% q2!

[ ATLAS-CONF-2015-027 ]!

Hoecker	
  
(see	
  also	
  Bielcikova	
  talk)	
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Two-charged-particle correlations in 13 TeV!
In high-multiplicity pp collisions using low-µ data!
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between 0.3 and 0.6 GeV, and varies only weakly for pT > 0.6 GeV, where it ranges from 88-90% at ⌘ = 0 to97

77-80% at |⌘ | = 1.5 and 68-73% at |⌘ | > 2.0. The e�ciency is also found to vary by less than 1% over the98

multiplicity range used in the analysis. The total systematic uncertainty on the tracking e�ciency is less99

than 2.5% in the pT and ⌘ range used in the analysis [43]. In the simulated events, the tracking e�ciency100

reduces the measured charged-particle multiplicity relative to the P����� 8 particle-level multiplicity for101

pT > 0.4 GeV by an approximately multiplicity-independent factor of 1.18.102

4 Two-particle correlation analysis103

ATLAS has previously published measurements of the two-particle correlations as a function of relative104

azimuthal angle�� = �a��b and relative pseudorapidity�⌘ = ⌘a�⌘b in Pb+Pb and p+Pb collisions [44–105

46]. This analysis follows a very similar approach. For a given event class, the two-particle correlations106

are measured as a function of �� and �⌘, with |�⌘ |  �⌘max = 5, determined by the acceptance of107

the ID. The labels a and b denote the two particles in the pair, which may be selected from di�erent pT108

intervals. The particles a and b are conventionally referred to as the “trigger” and “associated” particles,109

respectively. The correlation function is defined as:110

C(�⌘,��) =
S(��,�⌘)
B(��,�⌘)

, (1)

where S and B represent pair distributions constructed from the same event and from “mixed events” [32],111

respectively. S is constructed using all pairs that can be formed in each event from tracks that have passed112

the selections described above. The mixed-event function, B(��,�⌘), which measures the distribution113

of uncorrelated particles, is similarly constructed by choosing the two particles in the pair from di�erent114

events. The two events are required to have similar N

rec
ch (|�N

rec
ch | < 10) and similar zvtx (|�zvtx | < 10 mm)115

so that variations in S(��,�⌘) due to detector e�ects are properly reflected in and compensated by116

corresponding variations in B(��,�⌘). For this measurement, each event is mixed with ten other events117
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Figure 1: Left: distribution of the multiplicity, N

rec
ch , of charged particles having pT > 0.4 GeV for the two triggers

used in this analysis. Right: MinBias and HMT trigger e�ciency as a function of N

rec
ch .
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How does the pp ridge evolve with CM energy ?!
•  Trigger on MBTS (97M events) & high charged multiplicity (9.5M) !
•  Exploit work on tracking systematics from minimum bias analysis!
•  Unfold to particle level!
•  Extract two-particle correlation function!
•  Background from mixed data events!

bzero-yield-at-min offset	
  

Hoecker	
  



Higher	
  order	
  calcula>ons	
  	
  [Grazzini]	
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Grazzini	
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Comparison	
  to	
  measured	
  WW	
  cross	
  sec>on	
  
Dudero	
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Reanalysis	
  of	
  WW	
  cross	
  sec>on	
  by	
  CMS	
  

New	
  CMS:	
  60.1	
  ±	
  4.8	
  pb	
  

Dudero	
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Cosmology,	
  dark	
  maner	
  and	
  cosmic	
  rays	
  

•  Many	
  nice	
  talks	
  in	
  parallel	
  sessions	
  
•  Great	
  reviews	
  on	
  Tuesday	
  morning	
  
	
  	
  	
  	
  	
  	
  Volansky,	
  Monroe,	
  Hoffmann,	
  Halzen,	
  Ganga,	
  Lahav,	
  Binetruy	
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Dark	
  Energy	
  Survey	
  (DES)	
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Goal:	
  weak	
  lensing	
  effects	
  on	
  300	
  million	
  galaxies	
  provide	
  dark	
  maner	
  map	
  	
  

(talk	
  by	
  Ofer	
  Lahav)	
  

Lahav	
  

DM	
  distribu>on	
  (center)	
  tracks	
  luminous	
  maner	
  distribu>on	
  of	
  galaxies	
  (les)	
  	
  	
  



Improved	
  low	
  mass	
  WIMP	
  bounds	
  by	
  CRESST	
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Talk	
  Reindl	
  



Karim	
  Trabelsi	
   30	
  



Excellent	
  prospects	
  as	
  BSM	
  probe	
  if	
  theory	
  errors	
  are	
  confirmed/further	
  reduced	
  
	
  
Big	
  improvements	
  on	
  hadronic	
  matrix	
  elements	
  for	
  B-­‐physics	
  ,	
  	
  talk	
  R.	
  van	
  de	
  Water	
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Karim	
  Trabelsi	
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…and	
  another	
  real	
  highlight	
  of	
  the	
  conference	
  

Copyrights:	
  Weinwurm/ÖAW	
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A	
  big	
  thank	
  you	
  to	
  the	
  
organizers	
  for	
  making	
  this	
  	
  

a	
  great	
  conference!	
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