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  Experiments	
  
Summary	
  
Conveners:	
  
Dave	
  Gaskell	
  
Uta	
  Klein	
  

Roberto	
  PeA	
  

29	
  talks	
  and	
  1	
  roundtable	
  discussion	
  



Our	
  Main	
  Themes	
  

•  Physics	
  –	
  parLally	
  joint	
  with	
  Spin	
  (WG6)	
  and	
  
Electroweak	
  (WG3)	
  

•  Detector	
  improvements	
  and	
  upgrades	
  
•  New	
  Machines	
  –	
  colliders	
  and	
  interacLon	
  
regions	
  

•  Roundtable	
  discussion	
  –	
  Future	
  electron-­‐ion	
  
colliders:	
  synergies	
  and	
  complementarity	
  

We	
  will	
  illustrate	
  these	
  themes	
  with	
  selected	
  highlights.	
  	
  
We	
  apologize	
  for	
  not	
  being	
  able	
  to	
  cover	
  all	
  contribuLons	
  in	
  this	
  summary.	
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High	
  Intensity	
  and	
  High	
  Precision:	
  
(AnL)neutrino	
  Sca[ering	
  

•  Next	
  generaLon	
  LBNF/DUNE	
  project	
  
–  Precision	
  test	
  of	
  fundamental	
  interacLons	
  with	
  the	
  ELBNF	
  
Near	
  Detector	
  (R.	
  PeA	
  –	
  Wed.	
  AM)	
  

– Measurements	
  of	
  The	
  Neutrino	
  Flux	
  Using	
  the	
  ELBNF	
  Fine-­‐
Grained	
  Tracker	
  (X.	
  Tian	
  –	
  Wed.	
  PM)	
  	
  

•  THE	
  SHIP	
  experiment	
  and	
  its	
  detector	
  for	
  neutrino	
  physics	
  
(A.	
  Buonaura	
  –	
  Wed.	
  PM)	
  

•  Neutrino-­‐Nucleus	
  Deep	
  InelasLc	
  Sca[ering	
  in	
  MINERvA	
  in	
  
the	
  NuMI	
  Medium	
  Energy	
  Beam	
  (A.	
  Norrick	
  –	
  Wed.	
  PM)	
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LBNF/DUNE:	
  A	
  GeneraLonal	
  Advance	
  
in	
  	
  	
  	
  	
  	
  	
  	
  	
  Sca[ering	
  Experiments	
  

•  LBNF/DUNE	
  designed	
  to	
  study	
  Long-­‐Baseline	
  neutrino	
  oscillaLons:	
  	
  
–  High	
  intensity	
  	
  ν	
  AND	
  ν	
  	
  beams	
  with	
  1.2(2.4)	
  MW	
  p	
  beam	
  (E=120	
  GeV)	
  at	
  Fermilab	
  and	
  

11x1020	
  pot/year	
  (0.5	
  GeV	
  <	
  E	
  <	
  50	
  GeV)	
  	
  
–  A	
  40	
  kton	
  LAr	
  TPC	
  Far	
  Detector	
  (FD)	
  located	
  in	
  the	
  Homestake	
  mine,	
  SD,	
  USA	
  (L=1300	
  km)	
  
–  A	
  high-­‐resoluLon	
  (ch.	
  track	
  energy	
  scale	
  unc.	
  <	
  0.2%,	
  total	
  had.	
  energy	
  unc.	
  <	
  0.5%)	
  and	
  

highly	
  segmented	
  (x	
  10	
  improvement)	
  Near	
  Detector	
  (ND)	
  complex	
  at	
  Fermilab	
  	
  

•  ND	
  with	
  mulLple	
  fixed	
  targets:	
  p	
  [(C3H6)n	
  –	
  C],	
  Ca,	
  Ar,	
  Fe,	
  etc.	
  
•  Expected	
  staLsLcs	
  in	
  ND:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (x	
  100	
  improvement)	
  	
  
•  Absolute	
  and	
  relaLve	
  fluxes	
  measured	
  in-­‐situ	
  in	
  ND	
  to	
  ~2%	
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HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

Chapter 3: Long-baseline Neutrino Oscillation Physics 3–17
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Figure 3.4: Neutrino fluxes for the reference focusing system operating in neutrino mode
(left) and antineutrino mode (right), generated by a 120 GeV/c primary proton beam. fig:beam_req_reference_flux
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Figure 3.5: Neutrino fluxes for the reference beam design from 120 GeV/c protons, with
the target starting 45 (LE), 135 (ME) and 250 (LE) cm upstream from the start of Horn
1 (left), and the fractional improvement in flux for the same beam configurations when
the decay pipe is lengthened to 250 m (right). fig:beam_req_lemehe

LBNF/DUNE Conceptual Design Report

+	
  

-­‐	
  

LBNE	
  CD1	
  approved	
  



Short-­‐Baseline	
  Physics	
  at	
  LBNF	
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HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

✦ PRECISION MEASUREMENTS :

● Measurement of sin2 θW and electroweak physics;

● Measurement of strange sea contribution to the nucleon spin ∆s;

● Precision tests of isospin symmetry;

● Precision tests of the structure of the weak current: PCAC, CVC;

● Adler sum rule;

● Studies of QCD and hadron structure of nucleons and nuclei;

● Strange sea and charm production;

● Measurement of Nuclear effects in neutrino interactions;

● Precision measurements of cross-sections and particle production; etc. .....

✦ SEARCHES FOR NEW PHYSICS :

● Search for weakly interacting massive particles (e.g. νMSM sterile neutrinos);

● Search for high ∆m2 neutrino oscillations (e.g. LSND, MiniBooNE)

● Search for light (sub-GeV) Dark Matter; etc. .....

=⇒ The combination of high resolution and unprecedented statistics (×100) may led
to discoveries of new physics in fundamental interactions / structure of matter!

=⇒ More than 200 physics papers and > 100 Ph.D. thesis expected

Roberto Petti USC

Deep synergy
with the LBL

oscillation program:
same requirements

and
mutual feedback

SHORT BASELINE PHYSICS IN LBNE/LBNF

(LBNE Collaboration, arXiv:1307.7335 [hep-ex])



Precision	
  EW	
  Physics	
  at	
  LBNF	
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PRECISION ELECTROWEAK MEASUREMENTS

✦ Sensitivity from ν scattering in LBNE/LBNF comparable to the Collider precision:

● FIRST single experiment to directly check the running of sin2 θW :
elastic ν-e scattering and νN DIS have different scales

● Different scale of momentum transfer with respect to LEP/SLD (off Z0 pole)
● Direct measurement of neutrino couplings to Z0

=⇒ Only other measurement LEP Γνν

● Independent cross-check of the NuTeV sin2 θW anomaly (∼ 3σ in ν data) in a similar Q2 range

E=120 GeV, FV 5 tons, 1.2 MW 5y+5y

LBNE ν-N DIS

ν-e elastic

✦ Different independent channels:

● Rν = σν

NC

σν

CC

in ν-N DIS (∼0.35%)

● Rνe =
σν̄

NC

σν

NC

in ν-e− NC elastic (∼1%)

● NC/CC ratio (νp → νp)/(νn → µ−p)
in (quasi)-elastic interactions

● NC/CC ratio ρ0/ρ+ in coherent processes

=⇒ Combined EW fits like LEP

✦ Reduction of uncertainties to ∼ 0.2%
with 1-2 yr run in high energy mode

Roberto Petti USC



The	
  SHIP	
  Experiment	
  

7	
  

•  Beam	
  dump	
  experiment	
  proposed	
  at	
  CERN	
  to	
  search	
  for	
  new	
  long-­‐lived	
  
weakly	
  interacLng	
  parLcles	
  (e.g.	
  sterile	
  neutrinos,	
  dark	
  photons	
  etc.)	
  	
  	
  

•  Neutrino	
  emulsion	
  detector	
  (similar	
  to	
  OPERA)	
  followed	
  by	
  magneLc	
  
spectrometer	
  	
  

•  Precision	
  measurement	
  of	
  charm	
  producLon	
  and	
  strange	
  sea	
  
distribuLons:	
  expect	
  ~1.1	
  105	
  charm	
  events	
  

•  Measurement	
  of	
  ντ	
  cross-­‐secLon	
  and	
  F4,	
  F5	
  structure	
  funcLons:	
  expect	
  to	
  
idenLfy	
  ~1800	
  (900)	
  ντ	
  (ντ)	
  CC	
  events	
  

Annarita BuonauraDIS2015, 29th April 2015

TAU NEUTRINO DETECTOR

18

-­‐	
  



High	
  Intensity	
  and	
  High	
  Precision	
  
(JLab12,	
  EIC,	
  FNAL)	
  

•  Nuclear	
  Effects	
  
–  The	
  EMC	
  effect:	
  upcoming	
  experimental	
  programs	
  at	
  Jefferson	
  Lab	
  (S.	
  

Malace	
  –	
  Wed.	
  PM)	
  

•  Quark	
  distribuLons,	
  3D	
  structure	
  of	
  the	
  nucleon	
  
–  Precision	
  Measurements	
  of	
  Parity-­‐ViolaLon	
  in	
  Deep	
  InelasLc	
  

Sca[ering	
  using	
  SoLID	
  (R.	
  BEMINIWATTHA	
  –Wed.	
  AM)	
  
–  SoLID-­‐SIDIS:	
  Future	
  Measurements	
  of	
  Transverse	
  Spin,	
  TMDs	
  and	
  

more	
  	
  (Z.	
  Ye	
  –	
  Thurs.	
  AM)	
  
–  The	
  Halls	
  B	
  and	
  C	
  semi-­‐inclusive	
  deep	
  inelasLc	
  sca[ering	
  program	
  

towards	
  the	
  transverse	
  momentum	
  dependence	
  of	
  valence	
  quarks	
  (R.	
  
Ent	
  –	
  Thurs.	
  AM)	
  

–  Polarized	
  Drell-­‐Yan	
  measurements	
  at	
  Fermilab:	
  The	
  future	
  of	
  the	
  
SeaQuest	
  experiment	
  (M.	
  Deifenthaler	
  –	
  Thurs.	
  AM)	
  

–  Highlights	
  from	
  the	
  (un)polarized	
  e+p	
  sca[ering	
  program	
  at	
  an	
  EIC	
  (E.	
  
Aschenauer	
  –	
  Thurs.	
  AM)	
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High	
  Intensity	
  and	
  High	
  Precision	
  –	
  
Nuclear	
  Effects	
  

S.	
  Malace	
  -­‐	
  Unraveling	
  the	
  EMC	
  Effect	
  at	
  Large	
  x	
  –	
  JLab	
  program	
  of	
  unpolarized	
  
inclusive	
  (L-­‐T	
  separated),	
  tagged	
  and	
  polarized	
  electron	
  sca[ering	
  

Inclusive EMC and SRC Ratios: 
E12-10-008/E12-06-105 in Hall C at Jefferson Lab 

¾ JLab 12 GeV experiments will provide data on a large variety of targets: 2H, 3He, 4He, 
6Li, 7Li, Be, 10B, 11B, C, Al, 40Ca, 48Ca, Cu 

Æ Striking correlation between the size of 
the EMC effect and the SRC factor 

Connection even more meaningful after 
the addition of cluster-like nuclei as Be 

If the EMC effect arises because of local 
effects as Short-Range Correlations, then 
the size of the effect will be flavor 
dependent for nuclei with N > Z: 
 
   Æ high-momentum nucleons come 
dominantly from np pairs 
   Æ if N > Z => more likely to find a high 
momentum proton than a neutron 

u-quarks more modified than d-quarks 

more nuclei will be added 

ElucidaLon	
  of	
  EMC-­‐SRC	
  connecLon	
  
1.  AddiLonal	
  nuclei	
  
2.  Tagging	
  high	
  momentum	
  nucleons	
  

EMC Effect in Polarized Structure Functions: 
E12-14-001 in Hall B at Jefferson Lab 

¾ Model Predictions: Naïve Nuclear Model (NNM), Standard Nuclear Model (SNM), Quark-
Meson Coupling (QMC), Modified Sea Scheme (MSS), Shadowing/Anti-shadowing (S/AS) 

Projected measurements: statistical and point-to-point systematic uncertainties  

New spin observables crucial in differentiating between various approaches to describe the 
origins of the EMC effect 

First	
  ever	
  measurement	
  of	
  “polarized	
  
EMC	
  Effect”	
  

Other	
  experiments:	
  Exploring	
  
flavor	
  dependence	
  and	
  possible	
  
nuclear	
  dependence	
  of	
  R=σL/σT	
   9	
  



High	
  Intensity	
  and	
  High	
  Precision	
  –	
  SIDIS	
  at	
  JLab	
  
in	
  the	
  12	
  GeV	
  era	
  

10	
  

 
•  CLAS12 in Hall B 

 General survey, medium lumi 

•  SHMS, HMS, NPS in Hall C 
 L-T studies, precise π+/π-/π0 ratios 

 
•  SBS in Hall A 

 High x, High Q2, 2-3D 

•  SOLID in Hall A  
 High lumi and acceptance – 4D 

Accessing	
  TMDs,	
  transversity	
  –	
  studying	
  the	
  SIDIS	
  reacLon	
  mechanism	
  and	
  factorizaLon	
  

Talks	
  from	
  R.	
  Ent	
  and	
  Z.	
  Ye	
  

12	
  GeV	
  JLAb	
  upgrade	
  92%	
  complete	
  



High	
  Intensity	
  and	
  High	
  Precision	
  	
  -­‐	
  
Spin,	
  TMDs,	
  and	
  GPDs	
  at	
  EIC	
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Collider	
  with	
  both	
  polarized	
  electrons	
  
and	
  polarized	
  protons	
  (ions)	
  will	
  
dramaLcally	
  increase	
  our	
  knowledge	
  of	
  
nucleon	
  (spin)	
  structure	
  

SIDIS	
  à	
  TMDs	
  
DVCS	
  à	
  GPDs	
  
	
  
The	
  amount	
  and	
  precision	
  of	
  the	
  
data	
  provided	
  by	
  EIC	
  will	
  be	
  
unprecedented	
  

E.	
  Aschenauer	
   SIDIS	
  

DVCS	
  



High	
  Intensity	
  and	
  
High	
  Precision	
  -­‐	
  BSM	
  

12	
  

The	
  Mu2e	
  Experiment	
  at	
  Fermilab	
  	
  
(F.	
  Grancagnolo)	
  	
  

Prospects	
  for	
  K+	
  àpi+	
  nu	
  nu	
  observaLon	
  at	
  CERN	
  in	
  NA62	
  (Bruno	
  Angelucci)	
  
	
  

K+�π+νν decay 

•  Flavour-changing neutral current quark transition s�dνν
Forbidden at tree-level: 1-loop contributions at leading order

▫  Top q: NLO QCD [PL B 451,161(1999)] + 2-loops EW corrections [PR D 83,034030(2011)] 
▫  Charm q: NNLO QCD[PRL 95,261805(2005)] + 1-loop EW corrections[PR D 78,034006(2008)] 

▫  Hadronic matrix element from BR(K→eπ0ν) [PR D 53,R1(1996)] [PR D 76,034017(2007)] 

•  Theoretical cleanness of BR prediction 
▫  Stringent test of the Standard Model 
▫  Probe for new physics 

29/04/15 Prospects for K+�π+�� observation at the CERN NA62 experiment - Bruno Angelucci, DIS 2015, Dallas TX (USA) 

Z-penguin W-box 

3 

K+�π+νν decay 
•  Current theoretical prediction:  
uncertainty from input parameters (CKM) higher than uncertainty due to theoretical calculations 

29/04/15 Prospects for K+�π+�� observation at the CERN NA62 experiment - Bruno Angelucci, DIS 2015, Dallas TX (USA) 

•  K�πνν decays in the SM 
- Extraction of  Vtd with few % uncertainty (charged channel) 
- complete determination of unitarity triangle alternative to and independent from B physics 

4 

A.J. Buras, D. Buttazzo, J. Girrbach-Noe and R. Knegjens 
arXiv:1503.02693  

Conclusions 

•  NA62 first data taking in 2014 
▫  Subdetectors’ performances in                                      

agreement with expectations 
•  NA62 apparatus almost fully                                

commissioned in pilot run 
▫  Commissioning of remaining                                        

subsystems in 2015 
•  2014 data analysis in progress 
•  Working towards the                                                       

2015 physics run: 
▫   from mid June to mid November 

NA62 marks CERN’s return to the exploration of the Standard 
Model using high-intensity kaon beams. 

29/04/15 Prospects for K+�π+�� observation at the CERN NA62 experiment - Bruno Angelucci, DIS 2015, Dallas TX (USA) 31 
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High	
  energy	
  and	
  high	
  precision	
  fronLer	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (LHeC,	
  FCC-­‐he)	
  

•  Electron-­‐Ion	
  Physics	
  with	
  the	
  LHeC	
  
(I.	
  Helenius)	
  

•  Parton	
  distribuLons,	
  QCD	
  
measurements,	
  and	
  BSM	
  prospects	
  
with	
  the	
  LHeC	
  (C.	
  Gwenlan)	
  

•  Low-­‐x	
  physics	
  at	
  LHeC/FCC-­‐he	
  and	
  
its	
  implicaLons	
  on	
  UHCER	
  (A.	
  Stasto)	
  

•  Top	
  quark	
  physics	
  in	
  ep	
  colliders	
  (C.	
  
Schwanenberger)	
  

•  Precision	
  Higgs	
  measurements	
  in	
  ep	
  
(U.	
  Klein)	
  

•  Flavor	
  violaLng	
  signatures	
  of	
  lighter	
  
and	
  heavier	
  Higgs	
  bosons	
  with	
  two	
  
Higgs	
  doublet	
  model	
  type	
  III	
  at	
  the	
  
LHeC	
  (J.	
  Hernandez)	
   13	
  



LHeC	
  :	
  eA	
  at	
  small	
  x	
  
à	
  huge	
  synergy	
  with	
  AA	
  

14	
  

NO	
  DATA	
  	
  
constraints	
  ß	
  



Precision	
  proton	
  
PDFs	
  –	
  huge	
  

synergy	
  to	
  LHC/
FCC	
  pp	
  

15	
  

Put	
  	
  ‘standard’	
  assump1on	
  of	
  u=d	
  to	
  test!	
  

u	
  ≠	
  d	
  u	
  =	
  d	
   [Talks	
  by	
  Gwenlan	
  and	
  Stasto]	
  

LHeC	
  Gluon	
  

Mapping	
  gluon	
  
at	
  high	
  x	
  	
  
and	
  low	
  x	
  
(saturaLon?)	
  



Precision	
  flavor	
  PDFs	
  :	
  e.g.	
  anL-­‐strange	
  

16	
  

rs	
  (s=sbar)	
  from	
  DY	
  

anL-­‐strange	
  
from	
  ep	
  



Low	
  x	
  physics	
  and	
  UHECR	
  	
  

17	
  

[Talk	
  by	
  Stasto]	
  



Low	
  x	
  physics	
  and	
  UHECR	
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[Talk	
  by	
  Stasto]	
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[Talks	
  by	
  Gwenlan	
  and	
  Klein,	
  U]	
  

LHeC	
  ep	
  

FCC-­‐ee	
  

Higgs,	
  PDFs	
  and	
  αS	
  

àreduce	
  PDF+αS	
  
uncertainty	
  of	
  σH@LHC	
  
to	
  0.4%	
  !	
  

σH	
  @	
  LHC	
  



OR	
  

Z	
  

Z	
  

e	
  Higgs	
  in	
  ep	
  	
  

20	
  

[Talks	
  by	
  Klein,	
  U	
  and	
  Hernandez]	
  

CC	
  DIS	
  :	
  WWH	
   NC	
  DIS	
  :	
  ZZH	
   FCC-­‐he	
  :	
  HHH	
  

Updates of CDR after 
Higgs discovery 
MH=125 GeV,  Ep=7 
TeV, 100 fb-1/year, 
Pe=-0.8  

	
  
à S/B	
  ~1	
  	
  in	
  CC	
  DIS	
  à	
  for	
  10	
  years	
  running	
  L=1000	
  �-­‐1	
  

à O(1)%	
  precision	
  on	
  H-­‐bb	
  couplings	
  with	
  small	
  thy	
  unc.	
  
à 60	
  GeV	
  ERL	
  for	
  ep:	
  Enables	
  	
  at	
  low	
  costs	
  huge	
  synergies	
  with	
  LHC	
  and	
  FCC	
  Higgs	
  programs	
  

SM	
  gHHH	
  tested	
  via	
  CC	
  DIS	
  cross	
  
sec1on	
  &	
  interfernce	
  

	
  
For	
  the	
  SM	
  value	
  gHHH	
  =	
  1	
  
the	
  H-­‐HH	
  coupling	
  can	
  be	
  
measured	
  to	
  5-­‐10	
  σ	
  	
  	
  

Preliminary	
  
Preliminary	
  



Top	
  and	
  BSM	
  

21	
  

RPV	
  SUSY	
  –	
  like	
  LQ	
  	
  

[Talks	
  by	
  Schwanenberger	
  and	
  Gewnlan]	
  



Detectors	
  –	
  Improvements	
  and	
  
Upgrades	
  

•  Physics	
  OpportuniLes	
  with	
  Forward	
  Detector	
  
Upgrades	
  at	
  STAR	
  (Z.	
  Ye	
  –	
  Tues.	
  AM)	
  

•  Physics	
  prospects	
  with	
  the	
  upgraded	
  ATLAS	
  
detector	
  (F.	
  Rizatdinova	
  –	
  Tues.	
  AM)	
  

•  The	
  ATLAS	
  Tile	
  Calorimeter	
  and	
  its	
  upgrades	
  
for	
  the	
  high	
  luminosity	
  LHC	
  (Y.	
  Smirnov	
  –	
  Tues.	
  
PM)	
  

22	
  



Detectors	
  
ATLAS	
  @	
  LHC:	
  Tile	
  Calorimeter	
  upgrade	
  (Y.	
  Smirnov)	
  
Higher	
  rates	
  expected	
  from	
  LHC	
  2023	
  upgrade	
  require	
  higher	
  rate	
  capability	
  for	
  Lle	
  
calorimeter	
  –	
  improved,	
  simplified	
  readout	
  system	
  required	
  –	
  Demo	
  sROD	
  system	
  to	
  be	
  
installed	
  2015-­‐2016	
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Read-out system: Phase-II architecture 

DIS 2015 Yuri Smirnov  NIU 14 

  

•  Simplification: reduced number of boards and less inter-connections 
•  Front-end board: three options available 
•  Main board: conditioning and digitizer 
•  Daughter board: high speed optical communication for transmission of full data at 40 Mb/s to sROD 
•  sROD: pipelines and de-randomizers. Data information for the LVL0/LVL1 trigger system.  
•  Finer grain modularity: 1 SD splits in 4 independent mini-drawers with fully redundant data path, 
powering, internal cooling. Improves operation, maintenance and handling.  
 

 

 

 

 

5 

STAR Forward Upgrade (2020+) 

Tracking+Calorimeter 
2.5<η<4 

What is the nature of the spin of the proton? 
What is the multidimensional landscape of nucleons and nuclei? 
What is the nature of the initial state in nuclear collisions? 
What are the properties of the strongly interacting QGP?  

STAR	
  Detector	
  Upgrade	
  (Z.	
  Ye)	
  
Silicon	
  detector	
  for	
  forward	
  tracking	
  
Forward	
  Ecal	
  (tungsten	
  powder,	
  ScFi)	
  
Forward	
  Hcal	
  (lead	
  and	
  scinLllator)	
  
	
  
à Forward	
  detecLon	
  capabiliLes	
  will	
  

open	
  new	
  opportuniLes	
  in	
  
transverse	
  spin	
  asymmetries,	
  gluon	
  
saturaLon	
  at	
  small	
  x	
  and	
  more.	
  



New	
  Machines	
  –	
  Colliders	
  and	
  
InteracLon	
  Regions	
  

•  Very	
  high	
  energy	
  ep	
  colliders	
  
–  VHEeP:	
  A	
  very	
  high	
  energy	
  electron-­‐proton	
  collider	
  based	
  on	
  proton-­‐driven	
  

plasma	
  wakefield	
  acceleraLon	
  (M.	
  Wing	
  –	
  Tues.	
  AM)	
  
–  The	
  Status	
  and	
  Prospects	
  of	
  the	
  LHeC	
  and	
  FCC-­‐he	
  Developments	
  (A.	
  Cruz	
  

Alaniz	
  –	
  Tues.	
  AM)	
  
–  A	
  High	
  Energy	
  e-­‐p/A	
  Collider	
  Based	
  on	
  CepC-­‐SppC	
  (H.	
  Zhang	
  for	
  Y.	
  Zhang	
  –	
  

Tues.	
  AM)	
  
–  A	
  detector	
  for	
  energy-­‐fronLer	
  ep	
  sca[ering	
  (M.	
  Klein	
  –	
  Tues.	
  PM)	
  

•  Moderate	
  energy	
  ep	
  colliders	
  with	
  e/p	
  polarizaLon	
  
–  Medium	
  Energy	
  Electron	
  Ion	
  Collider	
  at	
  Jefferson	
  Lab	
  (H.	
  Zhang	
  –	
  Tues.	
  AM)	
  
–  MEIC	
  Detector	
  and	
  InteracLon	
  Region	
  at	
  JLab	
  (Z.	
  Zhao	
  –	
  Tues.	
  PM)	
  
–  A	
  dedicated	
  eRHIC	
  Detector	
  and	
  InteracLon	
  Region	
  design	
  (A.	
  Kiselev	
  –	
  Tues.	
  

PM)	
  
–  The	
  EvoluLon	
  Of	
  PHENIX	
  Into	
  An	
  Electron	
  Ion	
  Collider	
  (EIC)	
  Experiment	
  (N.	
  

Feege	
  –	
  Tues.	
  PM)	
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New	
  Machines:	
  EIC	
  
High	
  luminosity	
  electron-­‐ion	
  colliders	
  under	
  
development	
  at	
  JLab	
  and	
  RHIC	
  
à	
  √s	
  ~	
  15-­‐65	
  GeV	
  (MEIC)	
  77-­‐141	
  (eRHIC)	
  
à High	
  polarizaLon	
  of	
  both	
  electrons	
  and	
  

ions	
  
à  Luminosity	
  à	
  5	
  1033	
  –	
  1	
  1034	
  cm-­‐2	
  s-­‐1	
  
à Study	
  quarks,	
  gluons	
  at	
  x	
  smaller	
  than	
  

valence	
  region	
  

MEIC	
  @	
  JLAB	
  

DIS2015   2015/04/28 

Full-acceptance Central Detector 

17 

Dual Solenoid in common cryostat 
4 m inner coil 

E
M

 c
al

or
im

et
er

 

RICH 
EM calorimeter 

E
M

 c
al

or
im

et
er

 

DIRC 

(top view) 

2 m deep 

3 
m

 

Si-pixel vertex + disks 

central tracker 
forward 
tracker 

forward tracker 

C
oi

l w
al

l 

5 m 3 m 

TOF 

T
O

F 

T
O

F 

HBD 

1 m deep 

C
oi

l w
al

l 

IP 

Cher 

Dual Solenoid Magnet, inner size similar  to CLEO/BaBar magnet 
Various detector concepts under development 
Possible to add hadron calorimeter outside  

e p 

Careful	
  design	
  and	
  integraLon	
  of	
  interacLon	
  regions	
  required!	
  

eRHIC	
  

MEIC	
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H.	
  Zhang	
  

A.	
  Kiselev	
  Z.	
  Zhao	
  



New	
  Machines:	
  LHeC	
  

LR LHeC:  
RLA with 
energy recovery 

15&April&28th,&2015& DIS&15&

Linac-Ring LHeC  

60	
  GeV	
  electrons	
  from	
  ERL	
  
incident	
  on	
  protons	
  from	
  LHC	
  
à  L	
  ~	
  1033	
  –	
  1034	
  cm-­‐2	
  s-­‐1	
  
à Designed	
  to	
  run	
  

simultaneously	
  with	
  LHC	
  
à ERL	
  test	
  facility	
  under	
  

development	
  

M.Klein                                                                      DIS 2015, Dallas Texas                                                        28 April 2015 

LHeC ep/A Detector 

￼ 

3 beams:     e∓  + proton1  + proton2   (also heavy ions A)    Detector has been costed as 106MSF (core) 
Dipole magnets to guide the e-beam in and out, for making electrons to collide head-on with p-beam1;   
0.3 T transverse field along 2 x 9 m (internal shown only)  

e∓ p/A 

Muon Detector 

Hadronic Calorimeter 

Fwd-Calorimeter  
 

Inserts 

Bwd-Calorimeter  
 

Inserts 

Electromagnetic Calorimeter 

Hadronic 
Fwd-Endcap 

Hadronic  
Bwd-Endcap 

Solenoid 

Central 
 
Tracker 

Forward  
 
 Tracker 

Backward  
  
Tracker 

 46 
   91 

275 580 

All Numbers 
[cm] 

147 170 
40 40 

40 

200 

438 
1316 

Dipole Dipole Design	
  of	
  full	
  acceptance	
  detector	
  
underway	
  –	
  radiaLon	
  smaller,	
  no	
  ep	
  
pileup	
  makes	
  life	
  easier	
  as	
  compared	
  to	
  
LHC	
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E.	
  Cruz	
  Alaniz	
  	
  

M.	
  Klein	
  



	
  The	
  Landscape	
  :	
  Luminosity	
  vs	
  √s	
  
China 
CEIC1 = Chinese version 
    of Electron-Ion Collider 
      (“A dilution-free mini-COMPASS”) 

 
U.S. 
MEIC1 = EIC@Jlab 
 
eRHIC = EIC@BNL 
 
Europe 
LHeC = ep/eA collider  

        @ CERN 
 
CEIC2 
MEIC2 
HL-eRHIC 
FCC-he 

} future 
extensions 

h[p://cerncourier.com/cws/arLcle/cern/57304	
  
	
  

Roundtable	
  discussion	
  :	
  Future	
  lepton-­‐hadron	
  colliders:	
  synergies	
  and	
  complementarity	
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Roundtable	
  discussion	
  :	
  Future	
  lepton-­‐hadron	
  colliders:	
  synergies	
  and	
  complementarity	
  

	
  	
  
Large x 
Gluon & 
valence 
quarks 

Higgs 
Boson 

-fo
ur

-m
om

en
tu

m
 tr

an
sf

er
 s

qu
ar

ed
 

  Bjorken 

High Density Matter 
- New form of 
gluonic matter? 

RPV SUSY, LQ 
Substructure ? 

High  
Precision 
QCD & 
EW (top) 
Physics 

Proton	
  
Spin	
  

UHE Neutrinos 

Hà HH 

“Ac1on	
  items”	
  
§  QuanLfy	
  clear	
  
	
  impact	
  cases,	
  e.g.	
  
synergies	
  for	
  UHE	
  
neutrino	
  fluxes,	
  
HL-­‐LHC	
  etc.	
  
à	
  put	
  polarized	
  
and	
  unpolarized	
  
PDF	
  projecLons	
  to	
  
LHAPDF	
  	
  
	
  

§  Joint	
  effort	
  for	
  
	
  polarized	
  positron	
  
sources	
  
	
  

§  Map	
  clearly	
  the	
  
complementarity	
  
of	
  projects	
  
à	
  physics	
  
highlights	
  on	
  two	
  
slides	
  or	
  one	
  
poster	
  (webpage)	
  



JLAB	
  12	
  GeV	
  
High	
  luminosity,	
  3D	
  imaging	
  of	
  

valence	
  quarks	
  

Landscape	
  of	
  the	
  DIS	
  Future	
  

2015	
   2035	
  2025	
  

Fi
xe
d	
  
ta
rg
et
	
  

�e

LBNF/DUNE	
  	
  
High	
  flux,	
  high	
  resolu1on,	
  Flavor	
  	
  

–	
  valence	
  and	
  sea	
  
� AND �̄

EIC	
  
Polarized	
  electron,	
  polarized	
  ion	
  
collider	
  to	
  solve	
  “all”	
  spin	
  puzzles	
  	
  

	
  
�e �N

LHeC	
  
Precision	
  gluon	
  and	
  flavor	
  

structure	
  at	
  the	
  energy	
  fron1er	
  
(Higgs,	
  and	
  top)	
  	
  

	
  
�e p/A

Co
lli
de

r	
  

Probing	
  the	
  QCD	
  and	
  Electroweak	
  sector	
  of	
  the	
  Standard	
  Model	
  with	
  unprecedented	
  precision	
  29	
  



Thank	
  you!	
  

•  Thanks	
  to	
  all	
  the	
  speakers	
  for	
  their	
  interesLng	
  
and	
  exciLng	
  contribuLons.	
  

•  Thanks	
  to	
  all	
  the	
  parLcipants	
  for	
  their	
  
a[enLon	
  and	
  lively	
  discussions!	
  

	
  
The	
  future	
  of	
  DIS	
  will	
  be	
  very	
  bright	
  	
  -­‐	
  

	
  it	
  needs	
  us	
  to	
  make	
  it	
  happen	
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