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The Large Hadron Collider LHC 
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Goal	
  luminosità	
  integrata	
  con	
  25	
  ns	
  bunch	
  crossing:	
  
•  2015:	
  ∼	
  4	
  U-­‐1	
  	
  @	
  13	
  TeV	
  ((2x2244	
  bunches	
  nominali)	
  	
  
•  2016:	
  ∼	
  25	
  U-­‐1	
  	
  @	
  13	
  TeV	
  	
  
	
  	
  	
  	
    β*	
  =	
  40	
  cm	
  in	
  ATLAS	
  e	
  CMS;	
  3	
  m	
  in	
  LHCb;	
  10	
  m	
  in	
  ALICE	
  
	
  	
  	
  	
  	
  	
  O9mizzazione	
  ramp-­‐up/squeeze	
  alta	
  intensità	
  e	
  luminosità	
  integrata	
  

•  Run2:	
  ∼100	
  U-­‐1	
  	
  

	
  	
  	
  	
  	
  	
  Preparazione	
  per	
  (o	
  direKamente)	
  operazione	
  @	
  14	
  TeV	
   	
  	
  
•  300	
  U-­‐1	
  prima	
  di	
  LS3	
  	
  
	
  	
  	
  	
  	
  LHC	
  Injector	
  Upgrade	
  (LIU	
  è	
  LS2)	
  	
  e	
  High	
  Luminosity	
  LHC	
  (HL-­‐LHC	
  è	
  LS3)	
  
	
  	
  	
  	
  	
  	
  ben	
  definiU	
  e	
  in	
  fase	
  di	
  costruzione	
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5	
  x	
  1033	
  cm-­‐1	
  s-­‐1	
  

Disegno	
  1034	
  cm-­‐1	
  s-­‐1	
  

RegistraK	
  ~	
  4.3	
  U-­‐1	
  
UlKma	
  se'mana	
  >	
  1	
  U-­‐1	
  

Moriond EW, Mar 19, 2016 Experimental Summary
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 = 13 TeVs     ATLAS Online Luminosity

LHC Delivered
ATLAS Recorded

-1Total Delivered: 4.34 fb
-1Total Recorded: 4.00 fb

Peak luminosity: 
Lmax = 5.2 × 1033 cm–2 s–1 

2015 LHC proton–proton luminosities
Most results reported at this conference use total 2015 datasets

LHCb after luminosity levelling: 0.32 (0.36) fb–1 recorded (delivered) 

Luminosity monitors calibrated with beam-separation scans. 
Current precisions: 5.0% (ATLAS), 2.7% (CMS), 3.8% (LHCb)

Pileup profiles: ATLAS/CMS: <b>50 ns = 20, <b>25 ns = 13  (<b>8TeV = 21), LHCb: <b> ~ 1.7

Total in 2015 (recorded): 
A B = 3.8 T: 2.9 fb–1

A B � 3.8 T: 0.8 fb–1

(due to problem with cryogenic supply)

3.3–3.6 fb–1 for physics 2.3–3.3 fb–1 for physics

Jörg Wenninger

ATLAS:	
  	
  
efficienza	
  presa	
  daK	
  92.0%	
  	
  

LHCb	
   Luminosità	
  costante	
  0.36	
  (0.32)	
  8-­‐1	
  (registra<)	
  



Courtesy	
  John	
  Joweb	
  

- Luminosità picco (disegno): 1×1027 cm-2s-1 
o  ALICE livellata a luminosità di disegno 
o  ATLAS/CMS fino a un max 3.5x1027 cm-2s-1   

 
-  Luminosità (3 settimane fisica): 

o  Goal ioni pesanti 2015 :300 - 500 µb-1 

o  ALICE 430 µb-1; ATLAS/CMS ∼700/600 µb-1; anche LHCb 
  

Pb	
  Pb	
  @	
  2015	
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D�d<gjQEQd<jI�<j�jPI� �
�Q][�Q][�
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ÃÅ�G<sh�G<j<�j<XQ[O�Q[�ÃÁÂÆ

0g<EXQ[O�Qh�EP<YYI[OQ[O�
h]ZI�hshjIZh�gI<EPIG�jPI�Z<rQZ<Y�GIhQO[�
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$[YQ[I�G<j<�gIE][hjgkEjQ][�QZd]hhQDYI��khQ[O�
ZQ[QZkZ�DQ<h�jgQOOIgh�

Piano	
  di	
  lavoro:	
  
RUN2	
  (2015,	
  2016,	
  2018)	
  :	
  1	
  nb-­‐1	
  Pb-­‐Pb	
  
con	
  rivelatori	
  migliora<	
  e	
  raddoppio	
  
energia	
  (2015	
  e	
  2018),	
  e	
  un	
  run	
  p-­‐Pb	
  con	
  
sta<s<ca	
  x10	
  nel	
  2016	
  (LoI	
  LHCf)	
  
	
  

Futuro:	
  
RUN3	
  +	
  RUN4	
  (2021,	
  22,	
  23	
  and	
  27,	
  28,	
  
29):	
  	
  10	
  nb-­‐1	
  	
  con	
  ulteriori	
  miglioramen<	
  
appara<	
  e	
  in	
  aggiunta	
  un	
  run	
  dedicato	
  a	
  
basso	
  campo	
  e	
  pPb	
  



Collisioni	
  Pb-­‐Pb	
  @5.02	
  TeV	
  

ALICE	
  Pb-­‐Pb	
  Run	
  2:	
  arXiv:1512.06104	
  [nucl-­‐ex]	
  

•  Densità	
  di	
  molteplicità	
  di	
  
parKcelle	
  cariche	
  
A	
  rapidità	
  |η|	
  <	
  0.5	
  raggiunge	
  
un	
  valore	
  di	
  1943	
  ±	
  54	
  nelle	
  
collisioni	
  più	
  centrali	
  

•  Più	
  forte	
  dipendenza	
  da	
  √s	
  
rispebo	
  a	
  pp	
  
FaSore	
  2.4x	
  di	
  molteplicità	
  
par<celle	
  cariche	
  rispeSo	
  a	
  p-­‐
Pb	
  alla	
  stessa	
  energia	
  scalata	
  
sul	
  numero	
  medio	
  di	
  coppie	
  di	
  
nucleoni	
  partecipan<	
  	
  
⟨Npart⟩/2	
  

16	
  GB/s	
  readout/	
  6GB/s	
  on	
  
disk	
  aYer	
  HLT	
  compression	
  



Gli	
  apparaK	
  per	
  Run2	
  	
  

8	
  	
  	
  	
  	
  IFAE2016	
  –	
  Genova	
  -­‐	
  30	
  Marzo	
  2016	
   Nadia	
  Pastrone	
  	
  INFN	
  Torino	
  

 [GeV]
T

p

-110×4 1 2 3 4 5 6 7 8 910 20

m
]

µ
) [ 0

(d
σ

0
50

100
150
200
250
300
350
400

ATLAS Preliminary
 < 0.2η0.0 <  = 8 TeVsData 2012, 

 = 13 TeVsData 2015, 

 [GeV]
T

p
-110×4 1 2 3 4 5 6 7 8 910 2020
15

/2
01

2

0.6
0.8

1

Risoluzione	
  parametro	
  	
  
d’impabo	
  trasverso	
  

ATLAS	
  Insertable	
  B-­‐Layer	
  (IBL) 
•  Long	
  Shutdown	
  2013-­‐14	
  (LS1)	
  

–  Nuovi	
  tubi	
  a	
  vuoto	
  Be	
  zona	
  collisione	
  
–  Riparazioni	
  e	
  consolidamento	
  camere	
  muoni	
  
–  Nuovi	
  servizi,	
  nuovi	
  link	
  o^ci	
  
–  Nuovi	
  sistemi	
  di	
  monitor	
  di	
  fascio	
  

•  Prima	
  del	
  LS2	
  (2019-­‐20)	
  
CMS:	
  
–  Nuovo	
  rivelatore	
  a	
  pixel	
  
	
  

ATLAS:	
  
–  IBL	
  -­‐	
  Insertable	
  B-­‐Layer	
  
CMS:	
  
–  Quarta	
  stazione	
  RPC	
  Endcap	
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•  Prima	
  del	
  LS2	
  (2019-­‐20)	
  
ATLAS:	
  
–  2016-­‐17:	
  FTK	
  completo	
  
CMS:	
  
–  2016:	
  completamento	
  nuovo	
  trigger	
  
	
  

•  Long	
  Shutdown	
  2013-­‐14	
  (LS1)	
  
	
  	
  	
  	
  	
  Goal:	
  L1	
  rate	
  up	
  to	
  100	
  kHz	
  

ATLAS:	
  
–  Nuovo	
  trigger	
  topologico	
  L1	
  	
  
–  Nuovo	
  high-­‐level	
  trigger	
  (HLT)	
  
–  Nuovo	
  Fast	
  TracK	
  Trigger	
  (FTK)	
  
CMS:	
  
–  Nuovo	
  trigger	
  calorimetrico	
  
–  Nuovo	
  DAQ/Nuove	
  CPU	
  per	
  HLT	
  
–  Calcolo	
  mul<-­‐threading,	
  mul<-­‐core	
  
	
  

28 Sep 2015 23 

CMS	
  
Muon	
  trigger	
  

Level`1'Calorimeter'Trigger'Upgrade'–'2015'

•  Since'the'start'of'the'25ns'running''
period,'we'have'switched'to'the''
“Stage`1”'calorimeter'upgrade'
–  Essen^ally'replaces'the'legacy'Global''

Calorimeter'trigger'with'a'single'board/'
single'FPGA'solu^on'offering'a'be<er'tau'trigger'and'pile`up'
subtrac^on'on'jets,'isola^on,'and'energy'sums'

28 Sep 2015 
18 

Number'of'
reconstructed'vertices'
vs.'calo'trigger'regions'

New'Tau'trigger'
efficiency'with'and'
without'isol.'compared'
to'legacy''
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Moriond EW, Mar 19, 2016 Experimental Summary

Inclusive W and Z production
Very rich physics: strong PDF dependence, probes for QCD, precision electroweak physics

�$��#����#������*�studied single gauge boson production at 
7, 8, 13 TeV, LHCb covers complementary phase space in x, Q2

William James Barter

-W
fid� / +W

fid�
1.15 1.2 1.25 1.3 1.35

ATLAS Preliminary
-113 TeV, 85 pb

total uncertainty
stat. uncertainty

ABM12LHC
CT10nnlo
NNPDF3.0
MMHT14nnlo68CL

-W
fid� / +W

fid� = -/W+WR

Z
fid� / ±W

fid�
9 9.2 9.4 9.6 9.8 10 10.2 10.4 10.6 10.8

ATLAS Preliminary
-113 TeV, 85 pb

total uncertainty
stat. uncertainty

ABM12LHC
CT10nnlo
NNPDF3.0
MMHT14nnlo68CL

Z
fid� / ±W

fid� = W/ZR

10.0 10.5 11.0

Preliminary CMS  (13 TeV)-143 pb

Theory: FEWZ (NNLO)
Observation: NNPDF3.0

Observation
Uncertainty

(inner uncertainty: PDF only)

Z
tot�/W

tot�

NNPDF3.0
-0.06
+0.0710.55

CT14
-0.09
+0.0910.55

MMHT2014
-0.09
+0.0810.53

ABM12LHC
-0.02
+0.0410.56

HERAPDF15
-0.09
+0.1110.61

1.25 1.30 1.35 1.40

Preliminary CMS  (13 TeV)-143 pb

Theory: FEWZ (NNLO)
Observation: NNPDF3.0

Observation
Uncertainty

(inner uncertainty: PDF only)

-W
tot�/+W

tot�

NNPDF3.0
-0.012
+0.0111.354

CT14
-0.014
+0.0141.350

MMHT2014
-0.008
+0.0111.348

ABM12LHC
-0.004
+0.0031.371

HERAPDF15
-0.013
+0.0141.353

Note: fiducial cross-section ratios Note: fiducial cross-section ratios

Leptonic decays of Z & W are 
also standard candles to verify 
and calibrate e/b performance

A 13 TeV W/Z cross section 
measurements (� right plots)

A pT(Z) @ 8 TeV from ATLAS 
shows resummation needed 
at low pT to describe data, 
NNLO below data at high pT

A Charge asymmetry results 
by CMS and LHCb rather 
well predicted by theory

A LHCb high-rapidity cross 
sections well predicted with 
NNLO and PDFs

A 8 TeV Z � bb angular 
analysis by CMS, sensitive 
to Z polarisation and decay 
structure

Also: LHCb �Z (2.0 < � < 4.5) in agreement with SM (PDFs)
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Moriond EW, Mar 19, 2016 Experimental Summary

Diboson production
Highly important sector of LHC physics, intimately related to electroweak symmetry breaking

�$��#�����#�studied diboson production at 7, 8, 13 TeV. Detailed inclusive, fiducial and differential 
cross-section analyses at 8 TeV. First 13 TeV results. Theoretical predictions at NNLO needed to match data.

Tiesheng Dai

Each of these 
measurements in 
an experimental 
tour de force
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A ZZ @ 13 TeV measured by ATLAS & 
CMS, WZ by CMS: all agree with SM

A WW @ 8 TeV cross-sections agree   
with SM NNLO + pT resummation

A WZ @ 8 TeV by ATLAS shows 
deviations from SM (NLO only)

A Z
 @ 8 TeV by ATLAS & CMS,  
matched by NNLO SM predictions

A VBS: evidence in W+W+qq channel, 
new 8 TeV results on (W/Z)
qq (CMS), 
and WZqq (ATLAS), no observation yet

A Tri-boson process W

& Z

 observed 
by CMS, evidence for W

 by ATLAS

A Large set of anomalous coupling limits
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ATLAS 
Canale	
  γγ:	
  	
  osservata	
  significanza	
  1.5σ	
  
aSesa	
  1.9σ	
  
Canale	
  4	
  leptoni:	
  osservata	
  significanza	
  0.7σ	
  
aSesa	
  2.8σ	
  
	
  
Compa<nbilità	
  combinata	
  con	
  SM	
  	
  1.3σ	
  	
  
MANCA	
  analisi	
  WW	
  e	
  altri	
  daU	
  !!!!	
  

Moriond EW, Mar 19, 2016 Experimental Summary

In 2015 ATLAS & CMS achieved full Run-1 Higgs combination
As by product: combined observation of H � �� decay and VBF production mode

Parameter value
0 0.5 1 1.5 2 2.5 3 3.5 4

�

ttH
�

ZH
�

WH
�

VBF
�

ggF
�

 Run 1LHC
 PreliminaryCMS  and ATLAS ATLAS

CMS
ATLAS+CMS

� 1±
� 2±

Parameter value
0 0.5 1 1.5 2 2.5 3 3.5 4

bb�

���

WW�

ZZ�

���

 Run 1LHC
 PreliminaryCMS  and ATLAS ATLAS

CMS
ATLAS+CMS

� 1±

A Differential cross-section measurements
A Limit on invisible Higgs branching ratio of < 25%
A Constraints on anomalous off-shell coupling, spin/CP, LFV,                 

forbidden decays (FCNC) and other scalar particles (BSM Higgs)

Higgs decay processes

�$��#�����#�
combinations of Higgs 
mass and coupling 
measurements

Also: 

Higgs production processes

13/8 TeV cross section 
ratios of 2~2.4 for VH, 
ggH, VBF, but 3.9 for ttH

� K13/8 ~ 0.8 for ttH3.3/fb

Lidia Dell'Asta

mH = 125.09 ± 0.24 GeV

Moriond EW, Mar 19, 2016 Experimental Summary

Current 13 TeV data sample still marginal for H125
But important to look for the signal in an agnostic way at new CM energy

�$��#�����#�looked for Higgs decays to bosonic and fermionic channels

Seth Zenz

Extracted cross sections vs CM energy

[TeV] s
7 8 9 10 11 12 13

[p
b]

 
H

�
pp
�

10�

0
10
20
30
40
50
60
70
80
90

ATLAS  Preliminary  = 125.09 GeVHm   H�pp�

QCD scale uncertainty
)s� PDF+�(scale Tot. uncert. 

���H l4�*ZZ�H
comb. data syst. unc.

-1 = 7 TeV,  4.5 fbs
-1 = 8 TeV,  20.3 fbs

-1 = 13 TeV, 3.2 fbs

H � 4�, fiducial cross section
Combined H � 4�, 



RUN1 
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 [TeV]s

2 3 4 5 6 7 8 9 10 11 12 13 14

 [p
b]

σ

2−10

1−10

1

10

210

NLO+NNLL, PRD 83, 091503 (2011)
Tevatron, arXiv:1503.05027 [hep-ex]
ATLAS, PRD 90, 112006 (2014)
CMS, JHEP 12, 035 (2012)
ATLAS, CONF-2014-007 (prel.)
CMS, JHEP 06, 090 (2014)
ATLAS, CONF-2015-079 (prel.)
CMS, TOP-16-003 (prel.)

NLO+NNLL, PRD 82, 054018 (2010)
ATLAS, PLB 716, 142 (2012)
CMS, PRL 110, 022003 (2013)
ATLAS, JHEP 01, 064 (2016)
CMS, PRL 112, 231802 (2014)
NLO+NNLL, PRD 81, 054028 (2010)
Tevatron, PRL 112, 231803 (2014)
ATLAS, PLB 756, 228 (2016)
CMS, arXiv:1603.02555 [hep-ex]

Single top-quark production
Inclusive cross sections

)pt-channel (pp or p

)ptW (pp or p

)ps-channel (p

s-channel (pp)

Courtesy	
  Andrea	
  Giammanco	
  

Sezione	
  d’urto	
  inclusiva	
  bbar	
  	
  



Ricerche	
  BSM	
  @	
  	
  13	
  TeV	
  
Tagli	
  laschi	
  per	
  validare	
  i	
  daK	
  

Top	
  :	
  importante	
  fondo	
  alle	
  ricerche	
  BSM	
  

20	
  	
  	
  	
  	
  IFAE2016	
  –	
  Genova	
  -­‐	
  30	
  Marzo	
  2016	
   Nadia	
  Pastrone	
  	
  INFN	
  Torino	
  



Ricerche	
  BSM	
  @	
  	
  13	
  TeV	
  
Tagli	
  laschi	
  per	
  validare	
  i	
  daK	
  

Top	
  :	
  importante	
  fondo	
  alle	
  ricerche	
  BSM	
  

21	
  	
  	
  	
  	
  IFAE2016	
  –	
  Genova	
  -­‐	
  30	
  Marzo	
  2016	
   Nadia	
  Pastrone	
  	
  INFN	
  Torino	
  



L. Malgeri - Moriond QCD 2016 - Exp. Summary 30

B mesons as search tool for NP

Where do we stand with K*µµ?
A small recap: 
LHCb has a >3σ discrepancy in the P5’ variable 
(combination of spin amplitudes): 
NP or imprecise calculations?

LHCb continued to look into close relatives to find any common sign:

• Φ(KK)µµ: accessible spin amplitudes 
compatible with SM, dB/dq2 a bit low (but it’s 
a general trend)

• πµµ: dB/dq2 compatible sith SM, just a bit 
low (but it’s a general trend)

Now waiting for:
• CMS, ATLAS (promised to look into it)
• improved hadronic corrections in SM



Moriond EW, Mar 19, 2016 Experimental Summary

The CKM matrix and more
Long-term effort to overconstrain CKM matrix continues. Huge contributions from LHCb

a

a

_

_

dm6
K¡

K¡

sm6 & dm6

ubV

`sin 2

(excl. at CL > 0.95)
 < 0`sol. w/ cos 2

excluded at CL > 0.95

_

`a

l
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

d

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

EPS 15

CKM
f i t t e r

Jeroen van Tilburg

LHCb reported: 

A |Vub / Vcb| from 
b � p�� at 5% precision 
(closer to exclusive B-factory result)

A World’s best single 	md measurement:                 
0.5050 ± 0.0021± 0.0010 ps–1

(B-factories: �ave = 0.005 ps–1)

A Precision on sin(2�) approaches that of      
B-factories: 0.73 ± 0.04 ± 0.02

A World’s best constraints on CP violation in 
B0

(s) mixing (asl
s, asl

d) in agreement with SM 
(D0 sees 3.6� deviation)

A Search for CPT violation (difference in mass 
or width) in B0

(s) system, measurement of 
sidereal phase dependence of CPT 
violating parameter

��78-+19-�4-)9;8-4-5:�6.�F (tree) together with sin(2ß) (mix) or |Vub| (tree), fixes the unitarity triangle. 
All other measurements probe these two.



Goal:	
  dimezzare	
  errore	
  su	
  γ	
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Topic of Moriond QCD, only this much…
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�announced new state in m(Bs(�J/� �) �±) spectrum 
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Picture from Stephen Lars Olsen, La Thuile 2016
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!8647:�+8699�+0-+2�*?����*�did not confirm 

the observation in 20 times larger Bs sample. 

Upper limit on � ~ 1%, but this may depend on beam/energy/ 

analysis. No public material yet, but more informa-

tion expected this week.

mX ~ 5568 MeV

�X ~  22 MeV

�(X�Bs /Bs) ~ 5–12%

Jeroen van Tilburg

Other experiments are also looking
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• Possibility to study particles in the forward direction at LHC (neutrals:  0, n)

 Forward secondary particles carry a great fraction of the primary energy

• 6.5 TeV + 6.5 TeV in the LHC frame 1017 eV in the laboratory frame (LAB)

• Calibration of hadronic interaction models used for the simulation of
atmospheric showers

LHCCOSMIC RAYS

E up to 
1019 1020 eV

proton

proton proton

E = 6.51012 eV E = 6.51012 eV

Observer sitting comfortably in LHC

Observer riding a proton (LAB frame)!!

proton

E = 1017 eV !!

Nitrogen 
atom

Observer standing
outside  and  looking  to  cosmic  rays…

Introduction: LHCf and Cosmic Ray Physics

proton

02/03/2016 LHCf - LHCC Open Session 3

Arm2 Detector
2.5cm x 2.5cm + 3.2cm x 3.2cm
GSO tiles (e.m. calor)
4 X-Y tracking layers (silicon microstrip)

44 X0
1.5 int

Arm1 Detector
2cm x 2cm + 4cm x 4cm
GSO tiles (e.m. calo)
4 X-Y tracking layers (GSO bars)

Position resolution: < 200 μm (Arm1) and 40 μm (Arm2)
Energy resolution: < 5% for photons; 30% for neutrons
Pseudo-rapidity range:
η  > 8.7 @ zero X-ing angle
η  >  8.4 @ 290 rad (total) 

ATLAS
INTERACTION REGION TAN

Arm#1

TAN
(absorber for neutrals)

Arm#2

Arm1
Double-tower calorimeter

Arm2 
Double-tower calorimeter

The experimental side
IP2   IP8

IP1

..... .....

02/03/2016 LHCf - LHCC Open Session 4

Preliminary comparison with models

02/03/2016 LHCf - LHCC Open Session 10



CMS-­‐TOTEM	
  @13	
  TeV	
  	
  (β*	
  =	
  90	
  m)	
  
ü  Independent	
  DAQ	
  

Level	
  1	
  Trigger	
  exchange	
  Offline	
  merging	
  	
  
§  Totem	
  LV1	
  Rate	
  ~	
  50kHz	
  →	
  recorded	
  

~	
  3	
  ·∙	
  109	
  events	
  collected!	
  	
  
§  CMS	
  HLT	
  Rate	
  ~	
  10kHz	
  →	
  recorded	
  	
  

ü  Elas<c	
  >109	
  (Totem	
  standalone)	
  
ü  Low	
  Mass	
  DPE	
  ~100	
  ·∙	
  106	
  	
  events	
  (Totem-­‐CMS)	
  

§  Merged	
  and	
  analysis	
  ongoing.	
  
ü  Double	
  arm	
  Top-­‐Top,	
  BoSom-­‐BoSom	
  trigger	
  ~200	
  ·∙	
  106	
  events,	
  missing	
  mass	
  searches.	
  

§  Merging	
  ongoing	
  
ü  Dijets	
  pT~	
  20	
  GeV	
  –	
  pT	
  ~	
  32	
  GeV,	
  DiMuon,	
  SingleMu	
  &	
  HF	
  gap	
  ~	
  40	
  ·∙	
  106	
  events	
  

§  Merging	
  ongoing	
  

	
   Totem β*=2500m	
  run	
  speciale	
  2016	
  
	
  	
  Measure	
  elas<c	
  scaSering	
  in	
  

Nuclear-­‐Coulomb	
  interference	
  
region	
  at	
  13TeV	
  
ü  Search	
  for	
  3	
  gluon	
  Jpc=1–-­‐	
  state	
  
ü  Already	
  in	
  the	
  8	
  TeV	
  data	
  we	
  

observed	
  ~2-­‐3	
  σ	
  effect	
  
•  Non	
  exponen<al	
  behavior	
  

at	
  low	
  |t|	
  
•  Lower	
  ρ	
  value	
  at	
  higher	
  

energy.	
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CMS-TOTEM  
Precision Proton Spectrometer 

(CT-PPS) 
beam 

p’ 

p’ 
CT-PPS next to  
beam-line at ~200m from IP 

Beam-line magnets 

Beam-line magnets 

CT-PPS next to  
beam-line at ~200m from IP –  Si	
  Strip	
  Trigger	
  da	
  TOTEM	
  a	
  	
  CMS	
  	
  

–  Timing	
  con	
  diaman<	
  in	
  preparazione	
  

•  Possibile	
  candidato γγ	
  a	
  750	
  GeV	
  può	
  essere	
  
prodoSo	
  in	
  modo	
  esclusivo	
  e	
  visto	
  in	
  CT-­‐PPS	
  

–  Fichet,	
  von	
  Gersdorff,	
  Royon	
  (arXiv:1601.01712,	
  arXiv:
1512.05751)	
  	
  

–  Csaki,	
  Hubisz,	
  Terning	
  (arXiv:1512.05776,	
  arXiv:1601.00638)	
  	
  
–  Harland-­‐Lang,	
  Khoze,	
  Ryskin	
  (arXiv:1601.07187)	
  

	
  	
  
•  Programma	
  di	
  fisica	
  a	
  CT-­‐PPS:	
  

–  di-­‐Jet	
  esclusivo	
  
–  Coupling	
  quar<co	
  anomalo	
  

esclusivo	
  

inelasKco	
  	
  

	
  accebanza	
  massa	
  pp	
  	
  
in	
  funzione	
  distanza	
  pot-­‐fascio	
  

2014 low β Optics  
(CT-PPS TDR) 
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Changes presented in the last two weeks

ATLAS: 
• new analyses (separate for spin-0,spin-2)
• new calibration (from final 2012)
• combination with Run1
CMS: 
• re-reco with new calibrations (10% sensitivity 

increase)
• spin2 and spin0 hypotheses tested (same 

analysis)
• Added 25% statistics from BField-off

spin 0 
Local

spin 0
global

spin2
Local

spin 2 
Global

Atlas 
(13 TeV only) 
- width 6%

3.9σ 2.0σ 3.6σ 1.8σ
CMS 
(13 TeV+8TeV)
narrow width

3.4σ 1.6σ ~3.4σ ~1.5σ

First things first: the 750 GeV bump

Physics = experiment+ i theory

The Gold Rush: [INSPIRES][list]

Date papers
16 Dec 10
25 Dec 101
1 Jan 137
1 Feb 212
1 Mar 263
1 Apr ?

Sociological problem:
gold doesn’t come spontaneously.

Time to review the confusion
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•  ATLAS	
  e	
  CMS	
  hanno	
  già	
  pubblicato	
  >	
  1000	
  lavori,	
  LHCb	
  >	
  300	
  lavori…	
  
•  La	
  maggior	
  parte	
  delle	
  misure	
  finora	
  sono	
  in	
  accordo	
  con	
  il	
  Modello	
  Standard	
  ….	
  
•  ….	
  	
  si	
  è	
  appena	
  aperto	
  però	
  un	
  nuovo	
  territorio	
  di	
  esplorazione	
  
	
  
•  Finalmente	
  LHC	
  si	
  avvicina	
  ai	
  parametri	
  di	
  disegno	
  in	
  energia	
  e	
  luminosità	
  
•  Il	
  Run2	
  è	
  appena	
  cominciato	
  ….	
  	
  	
  
	
  	
  	
  	
  	
  da	
  4	
  8-­‐1	
  nel	
  2015	
  si	
  vogliono	
  accumulare	
  100	
  8-­‐1	
  per	
  fine	
  2018	
  	
  
	
  
•  LHC	
  in	
  fase	
  di	
  messa	
  a	
  punto,	
  sara’	
  pronto	
  	
  tra	
  circa	
  4	
  se^mane	
  
•  Anche	
  gli	
  esperimen<	
  si	
  preparano	
  con	
  cosmici,	
  i	
  primi	
  splashes…	
  
•  Grande	
  a^vità	
  per	
  migliorare	
  gli	
  appara<	
  con	
  i	
  nuovi	
  componen<	
  di	
  Fase1	
  e	
  	
  

stesura	
  TDR-­‐Fase2	
  per	
  HL-­‐LHC	
  
•  Si	
  comincia	
  a	
  discutere	
  in	
  vista	
  della	
  European	
  Strategy	
  per	
  il	
  2019	
  
	
  
•  Periodo	
  straordinario,	
  di	
  sfide	
  tecnologiche,	
  di	
  intenso	
  lavoro,	
  di	
  sforzi	
  finanziari	
  

e	
  umani...	
  	
  di	
  grandissime	
  aspeSa<ve!	
  



Via!	
  

PronK?	
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2015 operation 

April May Sept 

April 3, 
End of powering 
tests – 150 
quenches 

14 

June 3, 
Start of physics 
operation for run 2 

Easter, 
Beam circulating 
 

April 10 
   First  beam at 

June July August Oct 

August 7, 
Operation with 25 ns beam 
 

September 16, 
Chili 8.3M earthquake 
shakes LHC rings 

October 28, 
Record no. bunches 

Nov Dec 

Nov-Dec, 
Pb ion run 
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Why precision SM measurements?

1. Any shrinking of the shadowed 
areas might reveal new physics (or 
needs for improved calculations)

2. most of the uncertainties in searches 
for NP are related to precise 
determination of SM/QCD parameters:
• αS, PDFs, gluon content, MPI,V+jets 

distributions, single and di-boson 
productions,…. 

For details on αS see Thomas’ summary 



LHCb	
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B mesons as search tool for NP

BABAR, Belle and LHCb observed 
excesses (>3σ) of B→ D(*)τν relative 
to B→ D(*)μν and B→D(*)eν. 

BF(B→D* 3π) = (7.37±0.11±0.31) x 10 -3 

PDG value = (7.0±0.8) x 10 -3 

Need a precise measurement of BF(B→D*3π) 
as a normalization factor for the 3π τ decay: 
BaBar came to rescue.
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Inclusive W and Z production
Very rich physics: strong PDF dependence, probes for QCD, precision electroweak physics

�$��#����#������*�studied single gauge boson production at 
7, 8, 13 TeV, LHCb covers complementary phase space in x, Q2

William James Barter
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Note: fiducial cross-section ratios Note: fiducial cross-section ratios

Leptonic decays of Z & W are 
also standard candles to verify 
and calibrate e/b performance

A 13 TeV W/Z cross section 
measurements (� right plots)

A pT(Z) @ 8 TeV from ATLAS 
shows resummation needed 
at low pT to describe data, 
NNLO below data at high pT

A Charge asymmetry results 
by CMS and LHCb rather 
well predicted by theory

A LHCb high-rapidity cross 
sections well predicted with 
NNLO and PDFs

A 8 TeV Z � bb angular 
analysis by CMS, sensitive 
to Z polarisation and decay 
structure

Also: LHCb �Z (2.0 < � < 4.5) in agreement with SM (PDFs)
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Diboson production
Highly important sector of LHC physics, intimately related to electroweak symmetry breaking

�$��#�����#�studied diboson production at 7, 8, 13 TeV. Detailed inclusive, fiducial and differential 
cross-section analyses at 8 TeV. First 13 TeV results. Theoretical predictions at NNLO needed to match data.

Tiesheng Dai

Each of these 
measurements in 
an experimental 
tour de force
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A ZZ @ 13 TeV measured by ATLAS & 
CMS, WZ by CMS: all agree with SM

A WW @ 8 TeV cross-sections agree   
with SM NNLO + pT resummation

A WZ @ 8 TeV by ATLAS shows 
deviations from SM (NLO only)

A Z
 @ 8 TeV by ATLAS & CMS,  
matched by NNLO SM predictions

A VBS: evidence in W+W+qq channel, 
new 8 TeV results on (W/Z)
qq (CMS), 
and WZqq (ATLAS), no observation yet

A Tri-boson process W

& Z

 observed 
by CMS, evidence for W

 by ATLAS

A Large set of anomalous coupling limits
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CMS,	
  arXiv:1509.04044	
  

•	
  avoid	
  double	
  coun<ng	
  systema<cs	
  
•	
  re-­‐calibrate	
  in-­‐situ	
  (JES,	
  …)	
  
•	
  minimize	
  uncertain<es	
  by	
  selec<ng	
  
(weigh<ng)	
  carefully	
  the	
  data	
  

500	
  MeV	
  
just	
  crossed	
  

39	
  	
  	
  	
  	
  IFAE2016	
  –	
  Genova	
  -­‐	
  30	
  Marzo	
  2016	
   Nadia	
  Pastrone	
  	
  INFN	
  Torino	
  



40	
  

0DUFK��QG������

�� kEQ]��[GIgYQ[Q��������hjQjkj]�"<vQ][<YI�GQ��QhQE<�"kEYI<gI�����/IvQ][I�GQ��QgI[vI 7KH�/+&E�5HSRUW�DW�WKH�/+&&�2SHQ�6HVVLRQ ÄÅ

/jkGQIh�N]g�jPI�!k][��GI[jQNQE<jQ][�N]g�jPI� �
D�1dOg<GI

�rdY]gQ[O�!<EPQ[I� I<g[Q[O�<YO]gQjPZh�<Yh]�Q[�jPI�gIE][hjgkEjQ][��<YgI<Gs�<j�jgQOOIg�YIpIY�

E]ZDQ[Q[O�Q[�N<hj�ZkYjQp<gQ<jI�EY<hhQNQIgh�Y]q�YIpIY�GIjIEj]g�fk<[jQjQIh�

�]g�Ir<ZdYI��<��]]hjIG��IEQhQ][�0gII�q<h�GIpIY]dIG�N]g�jPI�Zk][�QGI[jQNQE<jQ][�E]ZDQ[Q[O

Ɣ GQhEgId<[Es�DIjqII[�ZI<hkgIG�PQjh�<[G�Irjg<d]Y<jIG�jg<EXh��¥p<gQ<DYI�<YgI<Gs�khIG�Q[�EkggI[j�<YO]gQjPZh¦

Ɣ [kZDIg�]N�Irjg<d]Y<jIG�jg<EXh�E][hQhjI[j�qQjP�jPI�PQjh�gIYIp<[j�j]�jPI�Zk][�QGI[jQNQE<jQ][�¥Qh]Y<jQ][¦

Ɣ 0�
�]N�jPI�IYIEjg][QE�EP<[[IYh�gIE]gGQ[O�jPI�PQjh�¥gIWIEj�IYIEjg][QE�[]QhI¦

�YO]gQjPZ�GIhQO[IG�j]�E]dI�qQjP�jPI�PQOP�]EEkd<[Es�]N�

jPI�kdOg<GIG� �
D�GIjIEj]g�

1[GIg�Ip<Yk<jQ][�N]g�.k[Ã�

�]g�GIj<QYh��gINIg�j]�jPI� �
D�+]hjIgh�Q[�jPI�/jkGI[jh��

+]hjIg�/IhhQ][�

�NNQEQI[Es�][�Zk][h

Â�
��
ᶗ¥ᶢ

ĺ
ᶞ¦ �

���

�

���

���

���

�
��� ���� ���� ���� ����

1dOg<GI�
][GQjQ][h

.IhkYjh�gIY<jQpI�j]�Zk][�dgIhIYIEjQ][�

EkggI[j




