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Highlights	  from:	  
W/Z,	  diboson	  production	  
Top	  
Jets	  	  	  (see	  also	  ATLAS	  A.	  Minaenko‘s	  talk)	  
Heavy	  Ions	  at	  CMS	  	  	  (ATLAS	  R.	  Slovak‘s	  talk)	  

mainly	  13	  TeV	  data	  shown	  here	  
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• 	  LHC	  exceeded	  expecta-ons	  for	  2016,	  
excellent	  performance	  	  	  
• 	  LHC	  peak	  efficiency	  of	  58%	  	  and	  	  
more	  than	  50%	  of	  the	  -me	  in	  Stable	  
Beam	  between	  TS2	  and	  TS3	  
• 	  Max	  inst	  luminosity	  achieved	  of	  	  
1.5	  X	  1034	  cm-‐2	  sec-‐1	  

• 	  Both	  ATLAS	  and	  CMS:	  92%	  data-‐
taking	  efficiency	  and	  ~	  36	  S-‐1	  of	  
data	  collected	  in	  2016	  for	  physics	  
• 	  1/3	  of	  2016	  presented	  already	  last	  
summer	  
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ATLAS	  
	  arXiv:1612.03016	  

Based	  on	  ~15M	  W	  events,	  1.6	  M	  Z‘s	  with	  
2011	  data.	  
New	  very	  precise	  measurement	  of	  the	  
inclusive	  Z	  and	  W	  cross	  sec-ons,	  with	  syst.	  
unc.	  of	  ~0.6%	  (W)	  and	  <0.32%	  (Z)	  (+1.8%	  
due	  to	  luminosity	  determina-on).	  
In	  good	  agreement	  with	  theory,	  NNLO	  
QCD+NLO	  EW,	  sensi-ve	  to	  PDFs	  

Take	  ra-os	  to	  decrease	  uncertain-es,	  i.e.	  
luminosity	  unc.	  cancel.	  
Some	  tensions	  of	  the	  W/Z	  ra-o	  compared	  
to	  recent	  PDF	  parametriza-ons	  
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ATLAS	  
	  arXiv:1612.03016	  

New	  precise	  measurements	  of	  Z	  and	  W	  
differen-al	  cross	  sec-ons	  and	  of	  the	  W+/-‐	  
asymmetry	  (0.5-‐1%	  syst.),	  all	  sensi-ve	  to	  
PDFs	  

u-‐density	  in	  
MMHT14	  aier	  
including	  new	  
W/Z	  diff.	  cross-‐
sec-ons	  data	  

Larger	  strange-‐
density	  and	  
reduced	  
uncertainty	  for	  
u,d,s	  by	  including	  
these	  data	  



W	  mass	  
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• 	  Method:	  reconstruct	  mass	  sensi-ve	  variables	  	  from	  lepton	  
and	  recoil	  kinema-cs,	  both	  in	  muon	  and	  electron	  channels	  
• 	  fit	  expected	  templates	  with	  different	  masses	  to	  data	  for	  	  	  
pTl	  and	  	  mT	  
• 	  excellent	  understanding	  of	  calibra-on	  of	  recoil	  and	  leptons	  
• 	  excellent	  understanding	  of	  exp	  and	  theo	  uncertain-es	  (see	  
also	  previous	  differen-al	  measurements)	  
• 	  cross-‐check	  with	  Z	  events	  

ATLAS-‐
CONF-‐2016-‐113	  

2011	  data,	  7	  TeV	  
4.6	  S-‐1	  electron	  
4.1	  S-‐1	  muon	  
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Combined Value Stat. Muon Elec. Recoil Bckg. QCD EWK PDF Total �2/dof
categories [MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. of Comb.

mT, W+
, e-µ 80370.0 12.3 8.3 6.7 14.5 9.7 9.4 3.4 16.9 30.9 2/6

mT, W�
, e-µ 80381.1 13.9 8.8 6.6 11.8 10.2 9.7 3.4 16.2 30.5 7/6

mT, W±
, e-µ 80375.7 9.6 7.8 5.5 13.0 8.3 9.6 3.4 10.2 25.1 11/13

p`T, W
+
, e-µ 80352.0 9.6 6.5 8.4 2.5 5.2 8.3 5.7 14.5 23.5 5/6

p`T, W
�
, e-µ 80383.4 10.8 7.0 8.1 2.5 6.1 8.1 5.7 13.5 23.6 10/6

p`T, W
±
, e-µ 80369.4 7.2 6.3 6.7 2.5 4.6 8.3 5.7 9.0 18.7 19/13

p`T, W
±
, e 80347.2 9.9 0 14.8 2.6 5.7 8.2 5.3 8.9 23.1 4/5

mT, W±
, e 80364.6 13.5 0 14.4 13.2 12.8 9.5 3.4 10.2 30.8 8/5

mT-p`T, W
+
, e 80345.4 11.7 0 16.0 3.8 7.4 8.3 5.0 13.7 27.4 1/5

mT-p`T, W
�
, e 80359.4 12.9 0 15.1 3.9 8.5 8.4 4.9 13.4 27.6 8/5

mT-p`T, W
±
, e 80349.8 9.0 0 14.7 3.3 6.1 8.3 5.1 9.0 22.9 12/11

p`T, W
±
, µ 80382.3 10.1 10.7 0 2.5 3.9 8.4 6.0 10.7 21.4 7/7

mT, W±
, µ 80381.5 13.0 11.6 0 13.0 6.0 9.6 3.4 11.2 27.2 3/7

mT-p`T, W
+
, µ 80364.1 11.4 12.4 0 4.0 4.7 8.8 5.4 17.6 27.2 5/7

mT-p`T, W
�
, µ 80398.6 12.0 13.0 0 4.1 5.7 8.4 5.3 16.8 27.4 3/7

mT-p`T, W
±
, µ 80382.0 8.6 10.7 0 3.7 4.3 8.6 5.4 10.9 21.0 10/15

mT-p`T, W
+
, e-µ 80352.7 8.9 6.6 8.2 3.1 5.5 8.4 5.4 14.6 23.4 7/13

mT-p`T, W
�
, e-µ 80383.6 9.7 7.2 7.8 3.3 6.6 8.3 5.3 13.6 23.4 15/13

mT-p`T, W
±
, e-µ 80369.5 6.8 6.6 6.4 2.9 4.5 8.3 5.5 9.2 18.5 29/27

ca
te
go
ri
es
	  

Combined	  	  	  	  	  	  	  mW=	  80370	  ±7(stat.)	  	  	  	  	  	  	  	  	  ±11	  (exp.)	  	  	  	  	  	  	  	  	  	  	  	  ±14	  (mod.syst.)	  =	  ±	  19	  total	  (MeV)	  

ATLAS-‐
CONF-‐2016-‐113	  

Fit	  of	  all	  categories	  together	  taking	  into	  account	  correla-ons	  	  
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mW	  	  =	  80370±19	  MeV	  
Similar	  precision	  to	  CDF	  or	  D0	  alone	  
Theory	  NNLO	  precision	  8	  MeV	  	  

CDF:	  	  80389±19	  MeV	  
D0:	  	  	  	  80375±23	  MeV	  
PDG:	  80385±15	  MeV	  	   Also	  mass	  different	  measured:	  

m(W+)-‐m(W-‐)=	  -‐29	  ±	  28	  MeV	  

ATLAS-‐
CONF-‐2016-‐113	  

m(top)	  latest	  ATLAS	  measurement,	  mH	  from	  combina-on	  ATLAS+CMS	  



W+jets,	  Z+jets	  
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ATLAS-‐CONF-‐2016-‐046	  

BlackHat+Sherpa:	  NLO	  up	  to	  4	  jets,	  
	  NNLO	  calcula-on	  recently	  available	  Z/W+≥1j	  
(Boughezal	  et	  al.)	  

Good	  agreement	  with	  pQCD	  calcula-ons	  
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ZZ,	  WZ,	  WW	  
Test	  of	  QCD+EW	  and	  search	  
for	  anomalous	  TCG	  
couplings.	  Background	  
process	  for	  Higgs	  boson	  
produc-on	  and	  new	  
resonant	  states	  
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ATLAS	  PRL	  116,	  101801(2016)	  
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• 	  Recent	  NNLO	  calcula-on	  MATRIX	  
available	  (Grazzini	  et	  al.),	  with	  
reduced	  theore-cal	  uncertain-es	  
• 	  Data	  in	  good	  agreement	  with	  
theory	  	  

CMS	  PLB	  763	  (2016)	  280	  
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CMS	  arXiv:1609.05721,	  1607.06943	  
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• 	  About	  300	  WZ	  events	  observed	  	  	  
• 	  CMS	  result	  here	  slightly	  lower	  than	  
NNLO	  predic-on,	  ATLAS	  in	  good	  
agreement	  

ATLAS	  Phys.	  Ler.	  B	  762	  (2016)	  1	  
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ATLAS-‐CONF-‐2016-‐090	  

• 	  About	  1000	  signal	  	  WW	  event	  
in	  eμ	  channel	  	  
• 	  require	  0	  jets	  and	  0	  b-‐jets	  to	  
suppress	  top	  
• 	  	  Background	  	  from	  r+jets	  and	  
Drell-‐Yan	  in	  control	  regions	  fit	  
together	  with	  signal.	  	  
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Mjj=	  8.8	  TeV,	  pT1=810	  GeV,	  pT2=750	  GeV	  
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ATLAS-‐CONF-‐2016-‐092	  

Range	  in	  pTjet	  	  from	  100	  GeV	  to	  3.2	  TeV	  
with	  |y|<3	  covered.	  	  

13	  TeV	  data	   Recent	  new	  measurement	  from	  
CMS	  from	  inclusive	  jets	  at	  8	  TeV,	  
extrac-on	  of	  αS	  from	  these	  data	  
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Good	  agreement	  with	  the	  NLO	  QCD	  predic-on	  over	  several	  orders	  of	  magnitude	  	  

CMS	  arXiv:1609.05331	  
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Extrac-on	  of	  αs	  from	  theory	  predic-on	  at	  NLO	  with	  CT10	  NLO,	  also	  in	  9	  pT	  ranges.	  	  
Largest	  uncertainty	  due	  to	  factorisa-on	  and	  renormalisa-on	  scales,	  i.e.	  higher	  orders.	  
correc-ons	  	  
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From	  the	  pPb	  2016	  run	  at	  √s=8.16	  TeV	  



2016	  Heavy	  Ions	  Run	  
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Run	  2	  

pp	   5	  TeV	   ~30pb-‐1	  	  

Pb-‐Pb	   5	  TeV	  	   ~0.5	  nb-‐1	  

p-‐Pb	  (2016)	   8	  TeV	   ~190	  nb-‐1	  

Pb-‐Pb(2016)	   5	  TeV	   ~0.5	  nb-‐1	  
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• 	  Hard	  probes	  (J/Psi,	  Υ,	  jets,	  Z,...)	  are	  
modified	  in	  the	  QCD	  medium.	  
Nuclear	  modifica-on	  factor:	  	  	  

• 	  Soi	  probes	  (collec-ve	  phenomena):	  
study	  two-‐par-cle	  correla-ons,	  ridge	  
structure	  observed	  at	  Delta-‐phi~0	  up	  
to	  very	  large	  Delta-‐eta	  
• 	  Two	  par-cles	  at	  very	  different	  eta	  are	  
connected,	  collec-ve	  phenomena	  	   η∆-4
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• 	  Study	  the	  jet-‐photon	  balance	  in	  events	  with	  one	  	  high	  pT	  photon	  and	  a	  jet	  with	  
pT>30	  GeV	  
• 	  	  Photons	  should	  not	  be	  „modified“	  when	  traversing	  the	  medium	  
• 	  Significant	  imbalance	  of	  the	  ra-o	  jet/gamma	  is	  observed,	  especially	  in	  central	  
collisions,	  compared	  to	  pp	  (here	  smeared	  to	  take	  into	  account	  different	  jet	  	  
resolu-on	  in	  pp	  and	  PbPb)	  
• 	  Clear	  shii	  of	  the	  jet	  spectra	  to	  lower	  values	  

2015	  data	  
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• 	  Run1	  results	  shown	  here	  	  
• 	  Jets	  and	  charged	  par-cles	  are	  suppressed	  in	  AA	  collisions	  in	  central	  collisions	  	  
• 	  pA	  used	  as	  reference,	  RpA	  is	  ~1	  for	  high	  pT	  (>2	  GeV	  for	  tracks)	  par-cles	  and	  jets	  
• 	  It	  indicates	  energy	  loss	  of	  partons	  in	  the	  hot	  and	  dense	  medium	  



RAA	  for	  charged	  particles	  

E.	  Gallo	  –	  SM	  and	  HI	  Results	  from	  ATLAS	  and	  CMS	  –	  Bormio	  2017	   27	  

 (GeV)
T

p
1 10 210

AAR

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0-5%

 and lumi. uncertaintyAAT
|<1η|

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 404 -127.4 pb

CMS
CMS 5.02 TeV
CMS 2.76 TeV

ALICE 2.76 TeV

ATLAS 2.76 TeV

 (GeV)
T

p
1 10 210

AAR

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

5-10%

 and lumi. uncertaintyAAT
|<1η|

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 404 -127.4 pb

CMS
CMS 5.02 TeV
CMS 2.76 TeV

ALICE 2.76 TeV

 (GeV)
T

p
1 10 210

AAR

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

10-30%

 and lumi. uncertaintyAAT
|<1η|

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 404 -127.4 pb

CMS
CMS 5.02 TeV
CMS 2.76 TeV

 (GeV)
T

p
1 10 210

AAR

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

30-50%

 and lumi. uncertaintyAAT
|<1η|

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 404 -127.4 pb

CMS
CMS 5.02 TeV
CMS 2.76 TeV

 (GeV)
T

p
1 10 210

AAR

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

50-70%

 and lumi. uncertaintyAAT
|<1η|

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 404 -127.4 pb

CMS
CMS 5.02 TeV
CMS 2.76 TeV

 (GeV)
T

p
1 10 210

AAR

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

70-90%

 and lumi. uncertaintyAAT
|<1η|

 (5.02 TeV PbPb)-1bµ (5.02 TeV pp) + 404 -127.4 pb

CMS
CMS 5.02 TeV
CMS 2.76 TeV

• 	  Run	  2	  2015	  data	  at	  √s=5.02	  TeV	  
• 	  0.7	  <	  pT<	  400	  GeV	  
• 	  RAA	  is	  7-‐8	  for	  the	  most	  central	  5%	  
collisions	  and	  pT~6-‐9	  GeV	  
• 	  	  As	  the	  collisions	  become	  more	  
peripheral,	  there	  is	  a	  weakening	  of	  the	  
suppression	  and	  less	  pT	  dependence	  
• 	  Models	  reproduce	  the	  data	  
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• 	  First	  measurement	  of	  B	  
mesons,	  2015	  data	  
• 	  Strong	  suppression	  
observed,	  	  comparable	  
to	  non-‐prompt	  J/Psi	  at	  
high	  pT	  
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No	  evidence	  for	  a	  dependence	  	  on	  the	  
par-cle	  	  flavour	  (b~	  c~	  light	  flavour)	  
However	  s-ll	  limited	  sta-s-cs,	  fragmenta-on	  is	  
different	  for	  uds,c,b,	  etc.	  
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Dependence	  instead	  on	  the	  binding	  energy	  in	  
mesons,	  a	  mesurement	  of	  the	  temperature	  
TC	  	  of	  the	  deconfined	  QGP.	  Strong	  suppression	  
of	  ψ(2S)-‐to-‐J/Psi	  ra-o	  in	  PbPb	  compared	  to	  
pp	  	  

CMS	  arXiv:1611.01438	  
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• 	  Stronger	  suppression	  of	  ϒ(2S)	  state	  in	  PbPb	  
compared	  to	  ϒ(1S),	  due	  to	  the	  different	  
binding	  energy	  	  
• 	  No	  signal	  of	  ϒ(3S),	  	  binding	  energy	  ~	  200	  
MeV	  close	  	  to	  TC	  ,	  expected	  to	  readily	  melt	  in	  
QGP	  

	  	  	  	  	  	  	  	  	  CMS-‐PAS-‐HIN-‐16-‐008	  
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CMS	  arXiv:1606.06198	  

Azimuthal	  anisotropy	  characterized	  by	  n-‐order	  Fourier	  
harmonic	  vn	  in	  the	  phi	  angle	  rela-ve	  to	  the	  reac-on	  plane	  
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Ellip-c	  (v2)	  and	  	  triangular	  (v3)	  	  flow	  measured	  up	  to	  very	  high	  pT	  ,~100	  GeV	  

CMS-‐PAS-‐HIN-‐15-‐004	  
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Hydrodynamic	  collec-ve	  flow	  of	  the	  strongly	  interac-ng	  medium	  observed	  in	  pp	  at	  high	  
mul-plicity,	  pPb	  and	  PbPb	  
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• 	  Precision	  measurements	  in	  W/Z,	  jets	  and	  top	  	  physics	  from	  ATLAS	  and	  CMS	  

• 	  Textbook	  measurements	  of	  the	  W	  mass	  at	  ATLAS,	  mW=80370	  ±	  19	  MeV	  

• 	  Theory	  calcula-ons	  at	  more	  orders,	  following	  experimental	  increasing	  
precision	  

• 	  Wide	  range	  of	  heavy	  ions	  results:	  nuclear	  modifica-on	  factor	  measured	  with	  
several	  hard	  probes,	  suppression	  of	  excited	  quarkonium	  states	  observed,	  
collec-ve	  flow	  measured	  

• 	  2016	  last	  pPb	  run	  for	  a	  long	  period,	  no	  heavy	  ion	  run	  next	  year	  

• 	  In	  pp	  we	  have	  taken	  O(2%)	  of	  the	  data	  un-l	  the	  end	  of	  HL-‐LHC,	  exci-ng	  -mes	  
ahead	  
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New	  limits	  on	  anomalous	  TGC	  in	  the	  
context	  of	  Effec-ve	  Field	  Theory.	  



Top	  double	  differential	  

E.	  Gallo	  –	  SM	  and	  HI	  Results	  from	  ATLAS	  and	  CMS	  –	  Bormio	  2017	   37	  

Compared	  to	  the	  HERA+CMS	  W	  only	  fit,	  
the	  uncertainty	  in	  the	  gluon	  PDF	  
reduced	  by	  a	  factor	  of	  2	  at	  x~0.3	  
especially	  due	  to	  the	  pT(r)	  amd	  M(r)	  

Double	  differen-al	  cross-‐sec-ons	  are	  
sensi-ve	  to	  the	  gluon	  distribu-on	  at	  high	  x	  .	  
Fit	  to	  HERA	  data+CMS	  W	  asymmetry	  data	  at	  
8	  TeV	  +these	  data	  	  	  

CMS-‐PAS-‐TOP_14-‐013	  
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ATLAS	  arXiv:1609.01599	  	  

A	  test	  of	  the	  SM	  	  couplings	  
σ(rZ)	  =	  0.9	  ±	  0.3	  pb	  	  (3.9σ)	  
σ(rW)	  =	  1.5	  ±	  0.8	  pb	  (2.2σ)	  
CMS:	  rZ	  3.9σ,	  rW	  4.6σ	  observed	  
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