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[bookmark: _Toc269921250]Executive Summary

Spin is one of the most fundamental concepts in physics, deeply rooted in deeply rooted in the symmetries of space-timePoincar´e invariance and hence in the structure of space-time itself. Despite their quantum-mechanical and relativistic origins, spin effects are evident even at large scales and play a critical role in everyday applications, for example nuclear magnetic resonance imaging and spintronic memory chipsDespite its both quantum-mechanical and relativistic nature, spin plays a role in everyday applications such as magnetic resonance imaging. Except for the Higgs, all elementary particles we know today carry spin, among them the particles that are subject to the strong interactions: The spin-1/2 quarks and the spin-1 gluons. Spin, therefore, plays a central role also in our theory of the strong interactions, Quantum Chromodynamics (QCD), and to understand study spin phenomena in QCD will help to understand further our comprehension of QCD itself. Measurements of spin dynamics in the proton have been particularly important probes of QCD theory, pointing to the need to significantly expand the current theoretical framework in order to explain many types of spin observables. To contribute to this understanding is the primary goal of the spin physics program at RHIC.
Protons and neutrons, which make up all nuclei and hence most of the visible mass in the universe, themselves carry spin-1/2. As has been known for over eight decades now, they also possess internal structure. This insight came directly due to spin, through the measurement of a very unexpected “anomalous” magnetic moment of the proton. In fact, there is an important lesson to be learned from this discovery: Measuring the magnetic moment of the proton was not viewed as an important step at the time, because the answer was already assumed to be “known” to fairly high precision. However, this turned out to be false– and as a result we learned that the proton has substructure. This was just the first of numerous surprises related to spin in strong interaction physics, arguably culminating in the proton “spin crisis” uncovered by the EMC experiment in the late 1980s. The EMC discovery that quarks and antiquark spins provide only little of the proton spin, once again, proved previous expectations to be incorrect and showed that the proton substructure was much richer than we had imagined.
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[bookmark: _Ref271647839]Figure 1‑1: Schematic view of the pProton built from quarks, quark-antiquark pairs, and gluons.



Our modern view of the proton is that of a complex system of quarks and transient quark-antiquark pairs, bound together by gluons (see Figure 1‑1). The study of the inner structure of such systems that are composed of quarks and gluons is at the heart of investigating QCD in the regime where quarks and gluons interact so strongly that they are confined within hadrons. Spin plays a dual role in this context, foremost to study proton structure in its own right and thus as a tool for uncovering properties of the strong interactions. In a broad sense, RHIC investigates how spin phenomena in QCD arise at the quark and gluon level. A particularly important question, and a key focus ever since the EMC measurements, is how quarks and gluons conspire to provide the proton’s spin-1/2 through their spin and orbital angular momentum contributions.
RHIC addresses these topics in various complementary ways, making use of the tremendous versatility of the machine, which makes both longitudinal and transverse polarization of the protons relative to their momenta readily available. The focus at RHIC spin is on the following topics:

How do gluons contribute to the proton spin? Polarization of gluons in the proton has long been considered expected as to be a source for major contributions to the proton spin. Indeed, latest data from RHIC’s 2009 run with longitudinal polarization have, for the first time, provided evidence that gluons do show a preferential alignment of their spins with the proton’s spin. This is milestone for the field, offering new clues on the proton spin decomposition and on the nature of the strong force fields inside a proton.
What is the “landscape” of the polarized sea in the nucleon? In order to understand understand the dynamics of the quark-antiquark fluctuations in the protonthe proton helicity structure in detail, one needs to learn about the up, down, and strange quarks and antiquarks the quark and anti-quark densities,individually. This is expected to provide insight into the question of why it is that the total quark plus antiquark contribution to the proton spin was found to be so small. It is also important for models of nucleon structure which generally make clear qualitative predictions about, for example, the flavor asymmetry in the light quarks   in the proton sea. Such predictions are often related to fundamental concepts such as the Pauli principle. At RHIC one uses a powerful technique based on the violation of parity in weak interactions. The W± bosons naturally select left quark handedness and right antiquark handedness and hence are ideal probes of nucleon helicity structure. Data from RHIC have now reached the precision needed for obtaining meaningful constraints on the distributions. Comparison with data from semi-inclusive lepton scattering offers tests of basic concepts of high-energy perturbative QCD, such as the universality of parton densitiesfactorization.
Transverse-spin phenomena in QCD. The past decade has seen tremendous activity and progress, both theoretically and experimentally in this area. Among the quantities of particular interest are parton distribution functions that may be accessed in spin asymmetries for hard-scattering reactions involving a transversely polarized proton. These distributions, known as “Sivers functions”, express correlations between a parton’s transverse momentum inside the proton, and the proton spin vector. As such they contain information on orbital motion of partons in the proton. It was found that the Sivers functions are not universal in hard-scattering reactions. This by itself is nothing spectacular; however, closer theoretical studies have shown that the non-universality has a clear physical origin that may broadly be described as a rescattering of the struck parton in the color field of the remnant of the polarized proton. Depending on the process, the associated color Lorentz forces will act in different ways on the parton (see Figure 1‑2Fig. 2). In deep-inelastic scattering (DIS), the final-state interaction between the struck parton and the nucleon remnant is attractive. In contrast, for the Drell-Yan process it becomes an initial-state interaction and is repulsive. As a result, the Sivers functions contribute with opposite signs to the single-spin asymmetries for these two processes. This is a fundamental prediction about the nature of QCD color interactions, directly rooted in the quantum nature of the interactions. Sivers effect exhibits direct physical implications of the gauge potential in a similar way as the Aharonov-Bohm effect does in Electrodynamics. and akin to the Aharonov-Bohm effect in Electrodynamics. It tests all concepts for analyzing hard-scattering reactions that we know of. Studies have begun at RHIC aiming at verifying this prediction, which would be a milestone for the field of hadronic physics.
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	[bookmark: _Ref271647863]Figure 1‑2: Final-state and initial-state color interactions in lepton scattering and the Drell-Yan process.in deep-inelastic lepton nucleon scattering (left hand side) and the Drell Yan process (right hand side).



Note:
We need a bold grand conclusion, which convinces our friends in the other fields of NPP, i.e. nuclear structure and fundamental symmetries people, because they are our audience during the Long Range Plan exercise that spin physics at RHIC is important. Can understanding of nucleon spin help nuclear structure physics? Can spin physics help with BSM searches? These would be the "connections" nice to make. The CM physicist or the broader audience is currently not to much of our concern, which does not mean we should not include the big picture arguments, on the contrary.

I’m not familiar with a direct consequence of our measurements to NS or FS, but we might stress that spin is one of the quantum numbers used in all fields in physics, i.e. the nuclear shell structure which is put together by anti-pairing the spins of the proton and neutrons, similar to the electron shell structure. 
Any suggestions?

 


[bookmark: _Toc269921251][bookmark: _Toc269921252]Introduction and Achievements since the last Long Range Plan

Describe in more detail then in the executive summary why it is important to unravel the helicity structure of the proton and what going beyond one-dimensional pdfs brings for our understanding of QCD. But now not from the 10000 feet level. This needs a comprehensive description of Sivers, Collins, vs. Twist-3 and SIDIS vs. DY and pp. 
List the NPP milestones and make a clean connection how they are related to our program.

	Year
	#
	Milestone

	2013
	HP8
	Measure flavor-identified [image: ] and [image: ] contributions to the spin of the proton
via the longitudinal-spin asymmetries of W production 

	2013
	HP12
(update of  HP1 met in
2008)
	Utilize polarized proton collisions at center of mass energies of 200 and 500 GeV, 
in combination with global QCD analyses, to determine if gluons have appreciable
polarization over any range of momentum fraction between 1 and 30% of the 
momentum of a polarized proton.

	2015
	HP13
(new)
	Test unique QCD predictions for relations between single-transverse spin phenomena in p-p scattering and those observed in deep –inelastic lepton scattering


[bookmark: _Ref263193804]
Table 2‑1: Current nuclear physics performance milestones related to the RHIC p+p physics program.

We should summarize relatively short what the major achievements in physics and technology have been since the last LRP. What Milestones have we closed since the last LRP.
· the gluon polarization, latest plot on the integral and the new data.
· first sea quark measurements with W’s  nnpdf impact plot
· large forward single spin asymmetries survive also at high √s
· I think we should also mention the RHIC machine improvements high lumi and polarization.

[bookmark: _Toc269921253]The Helicity Structure of the Proton

Describe in detail where we stand after RUN-15 with g(x,Q2) and q(x,Q2). The following plots/tables are needed:

· Plot for inclusive 0, jets and di-jets showing what stat. precision we will have for 200 GeV and 500 GeV data sets and impact plot on . 
· We should concentrate on the probes, which really are decisive and list the other ones.
Here I think we should show the results of the two experiments separate, jets and dijets from STAR and 0 for PHENIX, what should be combined are the impact plots on g(x,Q2) and the integral of course.
· For the achievements we have the plots out of the DSSV and NNPDF paper, but for the plots showing our impact using all the data till 2015, I think we need a plot of g(x,Q2) and the chi^2 one for the integral.


	[image: Inclusive jets A_LL Runs 12+14 proj]
	Phenix pi0 projection plot

	
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	I suggest to have a plot showing the improvement in the chi^2 for the integral with the new data and either a plot like fig 5 in arXiv:1404.4293 or one like the running integral with the uncertainty before and after.  




· W-result: projection statistical precision for 2009 to 2013 run for Wimpact plots on q(x,Q2).
These are example plots, we need to see we want to integrate PHENIX and STAR in one plot again.
	[image: ]
	We are working already on a plot showing phenix and star projection for 2009 to 2013 with the respective uncertainty bands.




Are these plots still okay or do we need new impact plots? The original projections have been done for 630 pb-2 delivers lumi with 55%, we got delivered 716 pb-1 with 53% polarization, I think this is close enough we can use the plots from the Tribble-report. Opinions ?

	[image: ]
	[image: ]
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	I would only show chi^2 plots for DSSV+ (green curve) and after the pseudo data are included (solid blue curve).





· Include a table with the measured luminosities in the last runs.

	Year
	√s (GeV)
	Recorded Luminosity for longitudinally polarized p+p
STAR
	Recorded Luminosity for longitudinally polarized p+p
PHENIX
	<P>

	2006
	200
	6.8 pb-1
	
	57

	2009
	200
500
	25 pb-1
10 pb-1
	
	55
39

	2011
	500
	12 pb-1
	
	48

	2012
	500
	82 pb-1
	
	50/53

	2013
	510
	300 pb-1
	
	50/53

	2015
	200
	50 pb-1
	
	60


[bookmark: _Ref262462461]Table 3‑1: Recorded luminosities for collisions of longitudinally polarized proton beams at the indicated center-of-mass energy for past runs since 2006.  The bottom row reflects the STAR and PHENIX beam use request for 2015.

[bookmark: _Toc269921254]Confined Motion of Partons in Nucleons: TMDs

Describe the legacy of transverse polarized p+p to understand the origin of AN. Show a plot with the original AN before RHIC. 

	[image: ]

	Figure 2‑1: AN from experiments pre-RHIC.



What do we know from all the inclusive AN data we have collected so far in transverse polarized p+p runs with STAR and PHENIX. 
Note:
Does actually anybody have an explanation why the pi+ and the pi- show a dependence in xf where the asymmetry starts raising but for pi0 they all start at the same xf. 
	[image: ]

	Figure 2‑2: AN from RHIC experiments. Suggestion: include a lower panel with the pt for each xf point, exclude pre-RHIC data, but keep same ranges in plot to be able to overlay them. Need to include EEMC data and inclusive STAR AN at 500 GeV. I would make the y-axis for 0 half the one of +/-



Move from inclusive measurements to the ones, which can separate intial from final state effects, explain clearly what is sensitive to TMDs and what to twist-3, what holds universality and what not.
Show the major plots from STAR and PHENIX, which drive our current understanding IFF, Sivers, Collins at mid and forward rapidities. AN(W,Z  from run-11 and some of the jet results and IFF at mid-rapidity. Together with the new results from the FMS with multiplicity cuts. If there are equivalent MPC plots we should choose one or the other.

· Show what we will have on statistical precision if all runs including 2015 are analyzed

As for the longitudinal include table with recorded luminosities with transverse polarisation.

	Year
	√s (GeV)
	Recorded Luminosity for transversely 
polarized p+p
STAR
	Recorded Luminosity for transversely polarized p+p
PHENIX
	<P>

	2006
	200
	8.5 pb-1
	
	57

	2008
	200
	7.8 pb-1
	
	45

	2011
	500
	25 pb-1
	
	53/54

	2012
	200
	22 pb-1
	
	61/58

	2015
	200
	50 pb-1
	
	60


[bookmark: _Ref261553021]Table 3‑2: Luminosity recorded by STAR in the past transverse polarized p+p runs from 2006 onward. The bottom row reflects the STAR and PHENIX beam use request for 2015.

Unique opportunities with polarized protons at RHIC in the coming years

Here I think, it will be difficult to make combined plots for STAR & PHENIX we need to choose posterchild measurements for each of us from our recent pp-pA LoIs. The most difficult for me are the impact plots for the transverse observables.


[bookmark: _Toc269921256]The Helicity Structure of the Proton

Describe what are the open questions an how to resolve them. This will include discussions about:
· Inclusive jets and Di-jets and hadron-jet, photon-jet at forward rapidities to measure g(x,Q2) at low-x. Need plots, which show statistical precision and what x can be reached. 
· Need to refer to the new instrumentation to perform these measurements

Need to compare this program to a longitudinal spin program at eRHIC. Uniqueness for RHIC p+p (200 GeV in parallel to sPHENIX), 500 GeV longitudinal discussed, but depending on eRHIC coming according to BNL current time line or not.

[bookmark: _Toc269921257]Confined Motion of Partons in Nucleons: TMDs

· We need to describe very well what run-15 will teach us. Alternative interpretations Diffraction, polarized pA

After this we discuss what are the open issues to address with hopefully upcoming pp and polarized pA-runs. 
· How to address HP13 through AN(W,Z,DY, in one place, including “TMD evolution”. Show capabilities for these measurements and when we can do them as early 2016.
· Describe the needed upgrades for this  DY
· Making Sivers, and Collins jet measurements at forward rapidities, what can we learn. The same for IFF. 
· What upgrades are needed? 
· AUT for J/psi  GPD E
· polarized pA what can we learn on the underlying physics process of forward AN
[bookmark: _GoBack]what do we learn about saturation

[bookmark: _Toc269921260]Detector upgrades 
Discuss short-term upgrades for Run-15/16 PHENIX: MPCEX, STAR: preshower, RP, post-shower. The same for the more longterm upgrades for the end of the decade.

[bookmark: _Toc269921261]Summary

Make a strong point what is unique in p+p,  what cannot be accessed at eRHIC or JLab and COMPASS. Where RHIC is complementary to COMPASS and JLab, maybe eRHIC.


Appendix

1. Number of students (undergrad / PhD) working at RHIC SPIN > 2007
BRAHMS: 
PHENIX: 16
STAR:

2. Number of new faculties/senior position in the last years (last years is not necessarily starting from 2007) 

3. Suggestions: APS or other high ranked fellows related to rhic spin
APS-Fellows: Experiment: 4 and Theory: 5 since 2000
 
4. High level career positions of people formerly related to rhic spin
5. Anything else which could be important to list
4
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[bookmark: _Toc269921263]How to write this document

Please use this style file. Lets discuss a couple of things we agreed on

· All citations will be at the end of the document using endnote, here is an example [[endnoteRef:1]]. Here is how you do this click on insert, select footnote, on the menu click endnote and there you go. [1: [] Endnote example] 

· The text is supposed to be justified to both sides
· Figure, table and equation numbering are numbered through a chapter with the chapter id included Example is here: Figure 1‑1.
· We use cross-references to reference tables, equations and figures in the text. 
· Please don’t hardcode any cross references to chapters, sections, tables, figures, equations or  

This is normal text and now comes an example of a figure and its caption. After a line break the text gets intended as the beginning of this line. This is a cross reference to a chapter to do it correctly type chapter and insert cross-reference and this is the cross reference to Figure 1‑1. We do the same for equations. All cross references are inserted as hyperlinks so you can click on it to jump to the respective item.
	[image: ]
	[bookmark: _Ref254537409]Figure 6‑1: at this moment in time we number figures through the document without chapter numbers. Note that figure and caption are contained in a 1 column, 2-row table. Picture in row 1 and caption in row 2. This allows expanding it to a 2 column tables (or more) for side-to-side plots. To format and align it is often better to switch on borders.



Below an example of two figures side-by-side using a 2x2 table. Even if the figures would have a different size the captions would be vertically aligned.

	[image: Macintosh HD:Users:ullrich:Documents:EIC:WhitePaper:WhitePaperInWords:tex:figures:figures_eA:xq2plane-xA-EIC.eps]
	[image: Macintosh HD:Users:ullrich:Documents:EIC:WhitePaper:WhitePaperInWords:tex:figures:figures_helicity:x-q2-poldata.eps]

	Figure 6‑2: another figure. Upper row, left column. Caption is in it’s own row.
	Figure 6‑3: yet another one. Caption is always aligned



[bookmark: _Ref254541558][bookmark: _Ref254541544]All variables are please in italics and if we use equations lets please use the internal WORD-equation editor. And here comes an example for an equation.  
To reference this equation we will use cross-referencing like for tables, pictures, chapters and so on, if needed. I think this is all which needs to be followed to make it easy to get different topics together.
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