LANL Quark Gluon Plasma
and Cold Nuclear Matter Physics
Mike Leitch - January 10, 2012

Quark-gluon Plasma (QGP) Physics:

 Quarkonia screening & HQ energy loss .
* Heavy-quarks (HQ's) & the FVTX qugf;j:ﬁ?r:;
* Higher energies - CMS in the QGP
Cold Nuclear Matter (CNM) Physics:

* Gluon saturation & energy loss

* Quarkonia, HQ's, direct photons, Drell-Yan

* Fixed target- FNAL E906
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Fundamental QGP Physics Questions

energies available at RHIC."

Screening in QGP: NSAC Milestone: DM5 - "Measure the energy and
system size dependence of J/¥ production over the range of ions and
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Color Screening

Heavy-quark dE/dx in QGP: NSAC Milestone:

DM12 - "Measure production rates, high pr
spectra, and correlations in heavy-ion
collisions at /sy = 200 GeV for identified
hadrons with heavy flavor valence quarks to
constrain the mechanism for parton enerqy
Joss in the quark-gluon plasma.”
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|RS:® with FVTX
§.2

[ Charm+beauty with FVTX
pp: 8pb™ (p, <3 Gev) 24pb! (P, >= 3 GeV); AuAu: 1.25nb™

1 DGLV c+b dN/dy =1000

Collisional Dissociation
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QGP Physics: Quarkonia Suppression at RHIC

_Colorado, MJL, Hugo

Overall suppression of J/y is very
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similar at SPS (17.2 GeV), RHIC
(200,62,39 GeV) and LHC (2.76 TeV)

RHIC - Forward-rapidity J/y's are

suppressed more than Mid-rapidity - Why?

1) Stronger forward rapidity suppression due to
CNM effects?

2) Regeneration at mid-rapidity reduces

suppression relative fo forward (and gives net
suppression similar fo SPS)?

BUT - Small or no J/w flow seen aT RHIC!
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QGP Physics: Quarkonia Suppression - comparing RHIC & LHC

LHC - hotter, longer lived QGP and different CNM effects (all small x)

& “=Mid Rapudﬂ‘y l "

12— PHENIX |y|<0.35 /5 = 200GeV ]'Cl” P
— + SPS vJs = 17.5GeV T
‘% """"""" +  CMS prompt JI¥ 0.0<|y|<2.4 \s = 2.76TeV e At y~O LHC suppr'essed more than

CMS pr > 6.5 GeV/c
Z RHIC (but CMS is p> 6.5 GeV/c)

n:zi Catherine (LANL) gave CMS Quarkonia QM11 talk
o For-war-d Rapldu'r * At forward y LHC suppressed less

PHENIX 1.2<|y|<2.2v/5 = 200GeV +han RHIC (her-e ALICE is P> O)

e  PHENIX 1.2<|y|<2.2vs = 62GeV
4 ALICE 2.5<|y|<4.0\8 = 2.76TeV

ACE: all pr Features expected from

regeneration, which is concentrated
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QGP Physics: Quarkonia Suppression - Importance of CNM

CNM effects appear to provide a large fraction of the observed
suppression

 So difficult to conclude much w/o a thorough (fundamental)
understanding of CNM and an informed extrapolation to A+A from d+A
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MJIL & Vogt began these model comparisons years ago, continuing now with
Colorado, FSU working with these in more quantitative and informative ways
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QGP Physucs Heavier Quarkonia - Upsilons
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Upsilon suppression at RHIC & LHC
similar RHIC - but watch out for CNM
suppression (as usual)!

« Our FNAL/E772 saw substantial
suppression of Upsilons in p+A

« and PHENIX d+Au forward rapidity
suppression observed
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Improving Muon Arm for Central Au+Au Collisions

| North Arm, Centrality: 0-10%, p_: all |

For Central Au+Au collisions:

« efficiency low , occupancy high b2

* no J/y peak in North arm S5 ol M,
o T e

Oy © } Central
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Dimuon Mass EGesV)
Improvements for Runll:

* addition of absorber Runll Analysis in progress:
* low-level software factor of 8 reduction in
Improvements pions expected

* anode termination (2.1 interaction lengths of
MJIL, Hugo, LANL, ... Fe absorber)
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QGP Physics: Energy loss - probing the medium with heavy-quarks

3 T e Ly T Suppression essentially the same af
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New Physics Reach with FVTX at PHENIX

Direct identificationof DB ->u & B ->J/vy
* energy loss & shadowing for D,B mesons e e
Improved J/y and y' mass resolution A/ ST ‘qgw i &
* enable y' as a probe UL NS |
Reduced backgrounds by rejection of = and K :
* enable Drell-Yan measurements
Installed & being commissioned now!

Simulations - Z. You, X. Wang, LANL, NMSU
R L L R L e e R L U R
i A, FVTX | Eool E
1 ) 4 simulation | .. extracted b/(b+c) :
" . o7 real b/(b+c)
10° LIJ E O.Gf—
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1 ii __ 0.1F | =
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Dlmuon mass mass [GeV] Hp, (GeVic)

1/10/12 MJL 9



QGP Physics: Probing the QGP with Quark Energy Loss at CMS

Fully reconstructing jet plus tagging with non-interacting Z° allows measurement
modification of fragmentation & of dE/dx - 3D jet fomography

LANL funded LDRD through FY11; now ended
 Produced full simulation of Z°%-tagged jet sensitivity to fragmentation

function modifications
« T-2 provided theoretical model development needed to interpret results
« Developed hardware upgrade to CMS Pixel Detector to allow for data-taking

in design luminosity Heavy Ion environment

1000 Catherine (LANL) gave
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Fundamental CNM Physics Questions

NSAC Milestone: DM8E - "Determine gluon densities at low x in cold nuclei
via p + Au or d + Au collisions.”

* Leading twist gluon shadowing

 Coherence models & higher-twist (HT) shadowing

* Gluon Saturation: at small-x, 2— 1 diagrams become
important and deplete the low-x region; amplified in
a nucleus.

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

NSAC Milestone: DM12 - "..constrain the mechanism for parton enerqy loss in
the quark-gluon plasma.” And what about energy loss in cold nuclear matter?
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T If ES06 projection -
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\ + | X1=0.6'0.7 \ _.'Q_)g
a 0.7 = O
T | N\ = o
<£° 0.6— ZD, IZC, 27AI’ 56Fe, 184W, ZO?Pb \ _
XF M IR RN SRR BRI RN
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CNM Physics: Gluon Saturation, dE/dx, absorption

Traditional shadowing from fits to
DIS or from coherence models

14 anti-shadowing

;shadowing o

——— Error sets 2-31

== Central set 1

o'
Bjorken x

Gluon saturation from non-linear gluon
interactions for the high density at
small x - Amplified in a nucleus.

high x

Absorption (or dissociation) of CC
into two D mesons by nucleus or co-
movers

A/<\P
Energy loss of incident \\

gluon shifts effective x;
and produces nuclear .. fR(A/p)
suppression which  R=1—=4-
increases with x| ™.,

.
./
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CNM Physics: Scaling between different Energies for J/y

Suppression not universal vs x, as expected for shadowing
Closer to scaling with xg or rapidity
- initial-state gluon energy loss? or gluon saturation?

1.1

PHENIX, E866, NA3

COmpar‘ison 10— g I _
200 Gev M | # :_L“I |
o IIEE 3:;;: i

T IIIIIII| T IIIIIIII T T T T T T
PRL 107, 142301 (2011) | (o) Sy

— ¢ 0.9F -
Opa = GppA 'f." =3 |

0.8- = —+ -
It observed by us in E772 0.7 % Peev | -
in 1990%s: | 39 GeV 1L o ::;;E:«;:Gee:w}} _
PRL 66, 133 (1991) R ® PHENIX (200 GeV) |I
0.6 102 e 2 1 0 1 2 3
2 ysz Xl - XZ

(x5 is x in the nucleus)
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Ree (centrality dependence)

CNM Physics: learning about CNM thickness dependence

Colorado, FSU, LANL, ...
Jhy in d+Au at\[s,, =200 GeV
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Vary the strength of suppression &
map out relationship between R,
and R as given strictly by Glauber
geometry for different
dependences on density-weighted
thickness

Exponential : M (r, ) = e (™)

Linear: M (r; ) =1-aA(r;)

The (blue) forward rapidity points suggests a
quadratic or higher geometrical dependence
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CNM Physics: HQ's, direct photons, Drell-Yan, hadrons

The various CNM effects are difficult to disentangle experimentally - multiple
probes, types & energies of collisions, wide kinematic coverage are key
« open-heavy vs quarkonia - isolates initial-state effects
 forward hadron pairs
« direct photons with MPC-EX as "clean” gluon probe
* Drell-Yan to constrain parton energy loss in CNM & measure Q,; via pt
broadening

And strong theoretical guidance & analysis - not just for certain measurements
but for the ensemble of measurements

14F anti-shadowing

% Drell-Yan

0-1
Bjorken x
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CNM Physics: Open-heavy suppression - Isolating initial-state physics

Open-charm p+A nuclgqr dependence (single-p T . Open Charm - ESG6NGSea] |
pr>16GeV/c) - very similar to that of J/¥ (Preliminary)
(E866/NuSea, 39 GeV): LI ° g;P-EizﬁgﬁfNuSea
« implies that dominant effects are in the | Tabsorption — — _ —1a
initial state; e.g. dE/dx - g, PA PP
e S
LY s T
. Enhancement of T ‘g‘*%aﬁu?
25 d+Au @Sy = 200 GeV open heavy_ 09F |—§—|‘Q“c~5\B
2 0-20% Centra flavor in d+Au | £789/F866 - led by LANL 3~ |
& c - (x )=0.960(1-0.0519x_-0.338x") AN
- collisions aty=0 A T
" . H 1 & low pr 0 0.5 yl L5
0‘5.:_ PHENIX Preliminary H c.m.
oo, Matt Durham-LANL FVTX & VTX

p [GeVic ;|

Soon new PHENIX c,b measurements
with FVTX/VTX to isolate initial &
final-state effects via precision
comparisons with Quarkonia
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CNM Physics: Shadowing & gluon saturation with Forward hadrons

pQCD calc’s from Vitev

Dilute
parton - Py is balanced _gz 3 forward-forward
system by many e B 3 < <38
(deuteron) gluons 15 F Y12 < 3.
Dlense N S
gluon L P
field (Au) 05 F i Kﬁ ,¢’¢ e
Mono-jets in the gluon saturation (CGC) N S I A I R I A B
picture give suppression of pairs per 2 4 6 8 10 1z M e 18
trigger and some broadening of correlation Neoll
Kharzeev, NPA 748, 727 (2005) UI v/ BNL (MJZ on PPG)
B h+:‘c‘:J ()U 88“{ Prc,hmmir\ - J,!q;() 2()% o
" h+w , 0-20% Preliminary
PHENIX N\PC Forward nr?
| | & J/y 2

very similar ~

3 Q05075 GeVie 60-88%
— 0.0 O 0.75-1.0 GeVic 60-88%
0.1F TTVTT A 1.0-1.5GeVic 60-88% [
- ® 05075 GeVic 0-20% |7
C _ B 0.75-1.0GeVic 0-20% |3
Vs =200 GeV d+Au/p+p A 1_0.1_15 G.:cwc%.zo%
@ v0-20%
Ll I 1 1 1 L1 111l I X X X | .
3 2 -1
10 10 10
frag \/ -y
1/10/12 Xy, | OF X,(Jy)=(MANs)e 17



0

..,..bu‘( ........
ﬂaGWo
>
S
S ®
Sty
CWO
ge)
wew
£ 2 =
UOU
SA”HR
|.|.I-E
8
225
e oo

ct

log10(x)

-0.5

-2.5

I\\Illl\llll\\lllll‘\llll\lr'

A

CNM Physics: the MPC-EX (extension)
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target 2014 d+Au run

« augmented forward (3.1<y<3.8) calorimeter
layer W/ Silicon mini-pad preshower

Suppression of gluons in nuclei via direct
photon measurements -
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A o(p+A) /A, .o(p+d)

CNM Physics: Drell-Yan to constrain parton energy loss
FNAL E906/Seaquest - Drell Yan

Drell-Yan

In E906 at 120 GeV, nuclear suppression in
Drell-Yan should only be from dE/dx (x, > 0.1)

1 [— —]
! _ | AE  u’I’InE/Q,
09F |- — AEA- x e
' L VITeV — AE~A . E Ag E station |
08" M=5Gev 1. 1 & —4}
0.7 | X1 = 06 = 07 | oC 11]
[ o 12 27, 56 184,,, 207 L )L’g Q(}
0.6} "D, °CTALPFe, MW, TPy N 4
1 I 1 I 1 I 1 I 1 I 1 L 1
0 1 2 3 4 5 6 7 |

A" (Atomic weigh ™)

10 inches

1 = N HH

100 inches
- ]

Distinguish radiative from collisional (L2 vs L)
First E906 data expected in 2012
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CNM Physics: Connecting to the gluon saturation scale
via forward Drell-Yan p; broadening

Interaction of a propagating parton with
the transverse gluonic field in the medium
through gluon bremsstrahlung

Probability of gluon radiation is
proportional o the gluonic density of the
medium

For the CGC picture, this broadening is
then a direct measure of the saturation
scale

Qszat (b’ E) — ApT2 (b’ E)

» Betemps, Ducati, PRD70, 116005 (2004)
* Kopeliovich et al., Phys. Rev. C 81, 035204 (2010)
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Summary & Goals - LANL QGP and CNM Physics
Quarkonia in QGP

Forward Rapidity
™ PHENIX 1.2<|y|<2.2+5 = 200GeV
PHENIX 1.2<|y|<2.2ys = 62GeV

QGP physics - quarkonia screening & heavy-quark s,
energy loss
« add y' & improved J/vy, Upsilon
* HQ dE/dx and regeneration constraint
* Cu+Au novel geometry for above
* better measurements at various energies
CNM physics - gluon saturation & parton energy loss
in nuclei
 Quarkonia - ', J/y , Upsilon
* HQ's vs quarkonia to isolate initial-state phys.
* theoreftical extrapolation for QGP studies
* CNM dE/dx from Drell-Yan in E906 p+A
* Probe gluons with direct photons using MPC-EX
* Qg+ from Drell-Yan p+ broadening
FVTX enables e FVTX
e accurate open charm & beauty measurements N
e isolation of ¢’
* pulling RHIC Drell-Yan out from
beneath backgrounds

+ Gluon Saturation

saturation

@region In QZ(Y)

Y =In1/x

BK/AJIMWLK

® o)\ DGLAP (& .,
@ Q
cD

g < 1

‘5; = | non-perturbative region
L ]
o

-
oM
-
0
M

;Aﬁ’s

— -=-¢.=~_=_ 8 r-l_
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CNM Physics: Connecting to the gluon saturation scale
via forward Drell-Yan p; broadening

LANL Drell-Yan experts
time to bring DY to RHIC

Fai, Qiu, Zhang, PRC 71, 014901 (2004)

(a)
QG
Ao Drell Yan
ST\ d+Au @ y=3
s
~'~.__S .
~~-P.’.7~_ total
- — Tt
_ Res
dAu, y=3 R, i
— SY?=200 GeV Ras ™
Q=1 Gev == Roas™
o b b b b b by b b
0O 1 2 3 4 5 o6 7 8 9 10

Q, (GeV)

Baier, Mueller, Schiff, NP A741, 358 (2004)

..................... ¥=05,M=2GeV
Drell-Yan
_Y=15,M=2GeV
Y_3 M=2Gev
T Yz3, M=4 GeV
5 7
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New Geometries - U+U & Cu+Au
Tip-Tip

%ﬁ'—m—@ Early time dynamics & thermalization

« varying the eccentricity for flow studies

. i i
m Body Body and path length for suppression studies
U r — &, (GEV i) prp——
ol == s () |
F U Heinz U + U central :J 10
So_ 0] -
f U+U Z //,-/’ Klooéﬂ
K . . =40l e l \, ° UsU
@¢  simulation *U energy
1 ) 7 0 density
3 027 ol Au+Au energy ] (65% larger
E A, an , |  densjty €q | than Au+Au
wg_"-'._ Ot‘l 1 0 ‘ 00 200 300 400 500 for- Tip-'l'ip)
i ‘ H o % U+U collisions: Noart

5640 6080 100 120446760 180

Uranium 6 Angle (deg) * higher energy density (top 0.2% tip-to-tip)
* 1st we need initial data to understand how to disentangle

the geometry

Cu+Au collisions:

* Cu buried inside Au for most central collisions - minimize
periphery (top 3%)

« Eccentricity w/o left-right symmetry for non-central
collisions
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Thermalization
Flow: A collective effect

Initial spatial anisotropy converted into momentum

anisotropy

Efficiency of conversion depends on the properties of
the medium

Elliptic flow = v, = 2" fourier coefficient of momentum
anisotropy

dn/dd ~ 1+ 2 v,(p;) cos (2 §) + ...
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yl y2 pTl pT2 xfrag JdAu
3.4 3.4 1.25 1.25  0.000417 0.305725
34 34 1.75 1.25 0.000501 0.382914
3.4 3.4 2.53 1.25  0.000631 0.482114
0 3.4 1.29 1.25 0.006659 0.263736
0 3.4 2.43 1.25  0.012359 0.505495
0 34 2.71 1.25 0.013759 0.538462
0 3.4 3.35 1.25  0.016959 0.626374
0 34 4.67 1.25 0.023559 0.67033
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CNM Physics: learning about CNM thickness dependence

Jhy in d+Au at\[s,, =200 GeV

-—eo— Jly1.2<y<24
-—a— JIy -0.5<y <05
—o— Jly -22<y<-1.2

J/y in d+Au

PHENIX

PRL 107, 142301 (2011)
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Vary the strength of suppression (a) &
see what relationship between Ry,, and
Rep is given strictly by Glauber
geometry for different dependences
on density-weighted thickness

A(r) = pi-[ dzp(z,r.) { Woods-Saxon
0

Exponential : M (r,) =g (™)
Linear: M (r,) =1—aA(r,)

* Break-up has exponential dependence
« EPSO9 & initial-state dE/dx have
unknown dependences

The forward rapidity points suggests a quadratic
or higher geometrical dependence
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The Ratio of Fragmentation Functions

PHENIX Au+Au (central collisions):

We propose to replace the Nuclear
Modification Factor R,, [

m  Directy
A T
®

GLV parton energy loss (dMidy = 1100)

1 ‘Hiﬁfmnl bt
g T
; .f?qpé A‘F*#? o

Eur. Phys. 1. C(2009) 61: T85-788

FIG. 3: Ryq(pr) measured in central AutAu at (/5. = 200 GeV
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Fig. 6.1 Fragmentation Function INZ) as determined from the re-
construction of correlated hadrons. The statistical error bars reflect a
year-ong measurement

Fragmentation Function
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5% = 5.5 TeV

1ot Large, clearly /z

; observable effects

== Glugn fragmentation, Vacuum
—  Gluon fragmentabon, LHC QGP
— - Qwark fragmentation, Vacuum
— Quark fragmantation, LHC OGP
I T | 1 1
0.1 |
Z=py By

Fig. 6.2 Fragmentation Function D(Z) for quarks and gluons in the
vacuum and in a LHC QGP. The fragmentation results for the vacuum
case are represented as dashed lines, the QGP result is shown as sold
lines. The insert shows the ratio of the fragmentation functions for QGP
vs. vacuum. Please note the logarithmic representation

Ratio of Frag. Functions
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The Pixel Readout Chain and the Bottle Neck
for Design Lummosu’ry Data Taking

Pixel FED

S-Link Mother Board

htemp
Entries 1.112492¢+08
Mean 282
RMS 75.79 ———

5.5 TeV
L=10727

Figure 1: The Pixel Detector Readout Chain

e Fifo | overflows occur with an average rate of ~600/sec

e  Constructed a temporary fix for low luminosity Hl running
by introducing a dead time of 400 micro seconds (CMS is
designed to be dead time free)

B oo b Lo by b b bl
0 200 400 600 800) 1000 1200 1400 1600 1800 2000
nFHits

g.j.kunde @ detector
readiness 10/14/2009
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