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Qutline

+ Between the brick and the QGP
— cold nuclear matter

+ Energy loss in cold nuclear matter
+ Hadronization in cold nuclear matter

+ Interplay of cold and hot
— examples
— EIC primer

Review: Accardi, Arleo, Brooks, d'Enterria, Muccifora

“Parton propagation and fragmentation in QCD matter”
arXiv:0907.3534

Next talk: Abhijit Majumder



The characters

The Brick the nucleus

¥ Cold nuclei as experimental benchmark for theory
and Monte Carlo implementations
<% known density, not expanding
=& nucleons as femto-detectors
<@ enrgy-loss, hadronization
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The characters

I

f

The Brick

Cold nuclei are necessary
to reveal QGP's true nature!!

accardi@jlab.org
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Cold vs. hot

-t h
cold QCD
matter
- q -
AT A A
1 hot QCD
t+ q matter
DIS —
Hadronization — properties of

+ FS energy loss DY —  the QGP

IS energy loss
+ nuclear PDFs
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Kinematic comparison
[A.A., PRC 76 (07) 034902 ]
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q(Pr.y2)
+ At LO: | .
fixed target p+A equivalent
Q% = —(pe —pe)* =pr(l+e”7"?)
PT\/E
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¥ Tl g eve-a
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Kinematic comparison
[A.A., PRC 76 (07) 034902 ]
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Energy Loss



sencnrarking theory with nuclear DIS

» Example: energy loss model with SW quenching weights
[A.A., Acta.Phys.Hung. '06 & PRC '07; Big Review]

» Hadron attenuation in nuclear DIS:

e g
0.8 |- = 1 dN"(2)

E R — e Ll Dal2)
£30.6 |- e 1 _dN3(z)  Dp(z)
o - R .97 NDTS T

L §=0.60 GeV3/fm . = > :

04 —— as=1/3 \\ —_
B SW NC
ELauatt SW fixed L : - nuclear PDFs largely cancel
GBSl =
B Swlfixed L fR=°°) R - exposes modified fragmentation
O | | | | | | | | | | | | |

0.2 0.4 0.6 0.8
Z

—
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senchrmarking theory with nuclear DIS

» Example: energy loss model with SW quenching weights
[A.A., Acta.Phys.Hung. '06 & PRC '07; Big Review]

0.8 - =
£=0.6 [ =
. §=0.60 GeV?/fm St ]

0.4 - a,=1/3 Seis

= SW -
B SW fixed L 3

0.2 R S (R=c) S

: ............... SW fixed L (R=°°) N

O | | | | | I | | | | | | | | | | I

0.2 0.4 0.6
Z

0.8

—

>

Fixed vs. variable path length:

— change in slope

= variable p.l. describes data,
fixed L too steep

Asymptotic vs. finite size:

A

= changes ¢
— thick: ¢~ 0.2 GeV?/fm

= f.s.: C G~ 0.6 GeV?/fm

Correct geometry needed at qualitative & quantitative levels

accardi@jlab.org
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Cold quenching in p+A and A+A collisions

A.A., PRC76 (07) 034902

h o, y1)

P X X -G
*é q2, X2 d1. *1

q(ppyx

¥ Atlow Vs or negative 1, the equivalent v 1s small

1.2

pr+/3 bl e HERMES
ST m' | T
[ I
08 F f“ & i B 5
B K
+ parton travels slowly through the nucleus osET
when seen in the nucleus rest frame R (A0

- quenching in the cold nucleus by same mechanism of nDIS
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Cold quenching in p+A and A+A collisions
A.A., PRC76 (07) 034902

in any hadron quenching model validated by HERMES Ry, data

-+« e.g., energy loss with SW quenchmg weights [AA, ....]

s 1
;

- ] L . -

4 _————
0.8 [ . os - - _
. - P

H | ] . ]

!

k& _
A i - ’ i ’
P / RHIC d+Au/p+p ]

- - -/
0.6 - / - 0.6 —//’\ """"" n0
i ——— FNAL p+W/p+Be: i "

—— —
— —_

\
-n-d:
Rfs
~

——= y=-2
——— SPS p+Pb/p+p - — y,=-3
0.4 i | | | | | | 1 | | 11 1 | | ] 0-4 i 1 1 1 1 | 1 1 1 1 | 1 111 | 1 1 1 1 ]
0 2 4 6 8 0 5 10 15 20
Ppp [GeV] Ppr [GeV]

» For A+A at n=0, suppression comes from both nuclei = ~ squared:

Cold quenching in target nuclei not negligible in A+A at SPS:

easily competes with quenching from hot medium
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Initial state parion energy 10ss in P+A / A+A

» Initial & final state cold energy loss in p+A / A+A :

hard

IS parton int.  FSpartons  FS prehadron  hadron
q.9 . !
p+A y ok Vitev PRC'07
— U.ul .—|—|-n1m|—|—|-rnm|—|—|-rmﬂ|—|—|—rrmr|—|—rrnm|—|—rrmn
(A+A) E
C Initial state E-loss
+ E %
o Quark jets
hard +\ 0.1
IS parton int. F'S photon lepton pair o
<
q 7 ot B
DY . |
8éoo000 g S
- Final state E-loss
L=5fm
A e
s s L Q, = m, = 0.94 GeV
IS lepton int. IS partons  FS prehadron  hadron +\ [
o &
- 0()1F-
0.001 L=~ ool

10 10 10 o e e e

p /2~ EJ.et [GeV]

» Initial state energy loss can be large [Vitev PRC'07]
<+ test models against DY data (but beware nuclear effects in target w.f.)

Needs unified energy loss formalism for DY, nDIS, h+A
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Hadronization
(parton fragmentation)



The (naive) framework : quark, prehadron, hadron

+ Hadronization is non perturbative = (many) models
¥ General features:

Colored “prehadron”: Color neutralization:  prehadron collapses on
large inelastic cross-sect. gluon radiation stops  hadron's h wavefunction

q\hc/hg »/h

M > r\| . u |,\| IH
P \QQQ\QQQ\J \QQQ‘V
| | | | > 3t
0 production col. neutr. formation
time €, time €., time ty,
+ Caveats:

= It's tricky to define t.., ty: working tools — simplify: Bt

t
p’ ¢cn’
= Leading-order pQCD mindset (y*+q — q), but NLO may be large
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Parton lifetime 1 — pQCD estimate

+ pQCD estimate [see Vitev, Adil '07]

h,my,
M2 k? +m? k?
q, My [p"': QI_:F:U] — [zp"'z 2;;4_&:1(] + [(1 — z2)pT, o —z);r,a"‘:_k
q’,MémO
Apwa ke b eimas a(ds 2 M2
n RN SR i s g

HERMES (v~13 GeV, z~0.5) 28fm (9fm 7fm 3fm 0.8fm 0.1 fm
RHIC (pth ~ 7 GeV z~0.7) 18fmM \7fm 6fm 3fm 0.8fm 0.1f

~ inside the medium !!

# Large © formation time, used in en. loss models to justify assumptions
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Parton lifetime 2 - Lund model

¥ Inside-out cascade [Bialas-Gyulassy '87]
= Prehadron formed at qq creation (string breaking) — C,

=% Hadron h; formed when q and q meet — P; ,
!

¥ Average formation times are computable
[Accardi et al., NPA '02; Gallmeister, Falter, PLB '05]

AN Y
<tp> = f (Zh)(l _Zh)L R boost
<hV »\\ o \ &
<th> o <tp> | - string tension  nucleus
ke \ remnant
energy conservation X
+ For a v =14 GeV pion at Hermes,

iy ) 2D e hy, Yoeon ] O dmne > By

=% shorter time scales than in pQCD estimates
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1) Hadron quenching in nDIS

+ Prehadron absorption

[Accardi et al.; \ ' L

Falter et al.; Kopeliovich, et al.]
=i color neutralization inside the medium

=i prehadron-nucleon scatterings *&2 0.8

. — X X 3

h
0.6 — ~

_| HERMES A
+ Energy loss (gluon bremsstrahlung) = = | absorption 4
[Arleo; Wang et al.; Accardi] | ——— energy loss -

=# hadronization outside the medium Qo st b 4ot SRS oo Sl ¢
=i gluon radiation off struck quark 02 04 O-ZG 0.8 1

h

[A.A., et al., NPA 761(05)67]
[A.A., Acta.Phys.Hung. '06 & PRC '07]
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Red: absorption model
(o0p = 0.650p,) 1
[A.A., et al., NPA 761(05)67]

Blue: energy loss model £=0.8
with SW quenching weights o
(G = 0.6 GeV?/fm)
[A.A., Acta.Phys.Hung. '06 & PRC '07] 0.6 - HERMES o
: absorption :
Detailed medium geometry: | ___ energy loss ]
same in both computations 04+l b b

accardi@jlab.org

1) Hadron quenching in nDIS

0.2 0.4 0.6

Z

Both describe the data:
no info on parton lifetime

BNL, 14-18 December 2009
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2) Scaling of Ry (2.4, P1B B649 (07) 384]

#+ R,, should scale with 7= 7(zj,v) not with z and v separately
Ry =Ry |7(2,v)| with 7= CoACL

+ “Scaling exponent” A can distinguish absorption and energy-loss

2 [
=% absorption models: A4 > 0\1
[short hadron formation time] -
- 0
§
< 1
- energy loss models: A <0 ok )
- - ® Ne prelim.
[from energy conservation] SEo ke B amoey l E

Hadronization starts inside the nucleus!
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3) PT— broadening [A.A. et al., review]

+# Assume very long production times: A(p%} = <p52p> AE= <p52p> D
pure energy loss models

\ e
(Ap3) =~ gL ~ ¢ ¥ ZRA

+ Use the extracted

¢ = 0.6 GeV*/fm

tp >RA
- [Obtain too large broadening!!] £ w HERMES preliminary
S Xe
Ng.:om o I
(ARZ)  (Ap2) = (A(zrbr)?) % oo 7K «
Ne 1.4 GeV? 0.23 GeV? : g %
Kr 2.2 GeV? 0.35 GeV? 2
Xe 2.6 GeV? 0.42 GeV? oo | sz
@

P N B N S
3 3.5 4 4.5 S 3.5
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3) PT— broadening [A.A. et al., review]

+ Assume short t, and no energy loss: A(p%} = <p;2p> A <p:2p>D

== [n prehadron stage, no broadening:
elastic scattering very small
= [ncoherent partonic scattering:

AP *[inear in quark in-medium path

Alpr) o (tp) ~ C 2, (1 — zp) v

+ pr-broadening should: Ry
1) rise with Al/3 until (tp)~R 4, then level off 4

2) decrease as zp, — 1
3) rise with v, then level off
4) possibly, decrease with Q2 if (7)) o< v/Q?
as claimed by Kopeliovich et al., NPA 740(04)211
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3) pr— broadening (A etal, review]

# Assume short t; and no energy loss: A(p7.) o (t,) ~ C 2p°(1 — zp,) v

o
o
a

A<p?> (GeV?)
g
2
[ ]
a

0.03 |-

0.02

x

HERMES preliminary

¥ Let's assume ()

o S {
"?::..t i l B ;I A HJ |
O e

zp =04 ‘= 14(GeV

[ Al o (6) (0.8 GeV) x 51~ ) |

accardi@jlab.org

(Q%) [GeV?] v [GeV]  (zn) | (tp) [fm]
(Aprn) vs A
Ne (2.3 fm) 2.4 13.7 0.42 4.2
Kr (3.7 fm) 2.4 13.9 0.41 4.2
Xe (4.3 fm) 24 14.0 0.41 4.3
(Apry) vs 2 2.4 14.6 0.30 4.5
2.4 13.3 0.53 3.7
2.3 12.6 0.74 2.3
2.2 10.8 0.92 0.7
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3) pt— broadening (2. et al, review]

=

Alpgryoc () = 0.827°(1 = 2p) v o El

e #I ﬂ' il

o~ o.0a} HERMES preliminary | ]
# Assume short t;, and no energy loss: 3 | _ ‘ I ]
T
ﬁ { {{ 4

v {zsuev}
+ It should: 'q:-.;‘ 0.04 | HERMES preliminary |
1) rise with A1/3, then level off ) .al i | | »l |J
2) decrease as z, — 1 @ < 0| : ﬂ* 34 é 4
3) rise with v, then level off ? ? il ﬂI JFI A '
4) possibly, decrease with Q2 vt 5 o ) -
(f (t.) o< VIQ2) ® e
* at strong variance with Kopeliovich et al.
oo 7Y

+ Partonic dynamics beyond production time & multi-scattering
-# modified DGLAP evolution ?
=% NLO effects ? Uncommon prehadron t; , inelastic ¢ ?

& = Role of virtuality ? 1Y

accardi@jlab.org BNL, 14-18 December 2009 24



Interplay of cold and hot ratker
(with EIC glimpses)



Pariton liretirme in not QCD maiier = 1

» GiBUU absorption model: L
[Falter et al. PRC '04, Gallmeister, Mosel NPA '08] - MR
08 I y
Formation times: 6 from PITHYA (Lund model) ¢ ,/I/' L
6.06F A it
Cross sections:  leading h: o,=f(t) o, e VLT de o Ve aa
- subleading h: 6, =0 St e
const. ST e AN ]
T{bhbe <ot (linear, or quantum diffusion) o O"/""ls»r*-’qld Ll
| t* (color transparency) distarics [fm]

» Consistency of HERMES + EMC data selects linear f(t)~t
[ Gallmeister, Mosel NPA'08]

84 [ 84 84
o Hermes, Kr ||l ©Hermes, Kr /L B Hermes, 'Kr

0.4 P i S | g A 1 oot || GG e e ) e NG e, Pra -0 T S L e S e SN
0 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1

Zh
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Parion liretirme in not QCD matier = 2

» Apply f(t)~t to Au+Au collisions at RHIC:
[Cassing, Gallmeister,Greiner NPA '04; Cassing, Gallmeister NPA '05]

Au s Au = STAR, 0-5%

1.0 [ - PHENIX, 0-10% -
e M _
Al __.l‘w ++ ’ Way too little suppression:
e Tt % 3 long lived partons in QGP?
04 |2 +1+ ]

0_0'.|.|.|.|.|.|.|'
S S e R ST B 5 L R 16 Sy 2 L

p; [GeV]

Why do partons seem short lived in cold QCD matter,
but long lived in hot QCD matter?
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70 VS. )

» Why is 1 as much suppressed as ©t in Au+Au ?
-+~ long lived partons in QGP?
<+ but nDIS analysis suggests © formed on short time scales

PHENIX Au+Au (central collisions):
‘E m Directy
A
10 ® nucl-ex/0611006
GLV parton energy loss (dl\ﬂ’dy = 1100)

12—---. H-HH.].'HH + .]. —
i AL
30 120 320pT (G;\:;(pT/z)z

» Is it so also in nDIS? [n is heavier = hadronizes earlier, smaller x-sect.]

~ measurement possible at CLAS (low Q?), EIC (hi igh C 0?%)
accardi@jlab.org BNL, 14-18 December 2009 28



An eleciron-lon Collider prirner

1DEU ||| T T T TTTT T T ||||||I T T ||||||I
(¢} 2009 A Accardi
_ 107 Mainz JLab6 o -
- 101 CJ] N NWIlabiZ
g 101 [ sLAC o
g 1010 _“EIC
= 1ot O Bonn EIC@ilab & /
; N\ ’
14

510 eRHIC
.g 1013 m] Eﬁﬂ A B [ HeC
£ qo2 Bates{Int)
g COMPASS
._:'II 101t I E&65 O HERA-B

101 HERMES EMC/NMC

lnu|||| Ll Ll Ll

1 10 107 102

CM energy [CeV]

#» high luminosity = 102-10* x HERMES % Unique:

» small x, large v, large Q° reach ~ tests of parton dynamics
(energy loss, DGLAP)

» Test /extend HERMES + heavy flavors

- cross-check results - jets (1% time in nDIS !)

-« multi-differential observables i :
- baryon fragmentation,

- 2-particle correlation (h-h, y-h, ...) target fragmentation
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70 vs. N at EIC -

attenuation

[Accardi, Dupré, Hafidi, EIC e+A note]

« Can precisely test if Rps (7

%) ~ Rp(n) as seen in the QGP at RHIC

BT i SNz / L SN
NEIS dzp, NBIS dzp,
1 I | I I I I 1 ] 1 | I 1 1 | I I I 1 I | I I I I 1 ] 1 | I 1 1 | I I I
" Energy loss model Ye ] " Absorption model Ye ]
0.8 - — 0.8 —
AR HERMES °- R _
o= - } 18 o= T
A 0.6 - — A= 0.6 |- —
(W) =14 GeV  (z,) = 0.4 I: I:
0.4 - _ . - " s g ¢ E__ 0.4 _—' . . . = [ s ¢ E__
EIC n . : .
e e = = 5 ¢ - e e e o s @ = ¢ -
EIC 0 - -
0’2 | | | 1 I 1 | | | 1 | | | 1 1 | 0’2 1 | | | 1 I 1 | | | 1 | | | 1 1 |
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
(Simulations by R.Dupré) 7, 7
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70 vs. 1 at EIC - pr-broadening

[Accardi, Dupré, Hafidi, EIC e+A note]

+# Can detect different 7t/  dynamics, if any

# Tests role of virtuality in detail

mm: = 1o P:tq:a calc 2 = < TR -
Wf (1) =14Gev Sk o Do vt o) [ DA TR D
QL C — 4 Blue = HERMES Pions
% a.nd:—<Zh> % 0 Nusid GeVandz= .4 medium-modified DGLAP
— 3 B
T o [ EIC 7
ad 2 EICn | ‘ ‘ pQCD scaling of pions
E e 11 |= Gl 14
L T S S S | R - E—
Q*[ GeV?]

(Simulations by R.Dupré)
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Large v, light vs neavy
[Accardi, Dupré, Hafidi, EIC e+A note]
» At large v
- formation times are very long
-~ attenuation disappears
- pT-broadening little affected = ideal test of pQCD energy loss

1.05
: 0
1 xﬂ- * x ¥ £ ¥ ¥ ¥ )IK %
Cgu.ﬂsf—-n = & & % » = I % 3
O r |
S kD
e 0.9—
Ng E TB [ 1 ‘
S]/“‘HE:_T T v 1[ L Y EIC
Dﬂ:— ‘ <I/>:1000 GeV
E <Zh>=().4
T e iy
Q? [GeV?]

NOTE: pr-broadening values are arbitrary

2% acceptance for heavy flavors (Simulations by R.Dupré)
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Large v, light vs neavy
[Accardi, Dupré, Hafidi, EIC e+A note]
» At large v
-~ formation times are very long
-~ attenuation disappears
- pT-broadening little affected = ideal test of pQCD energy loss

1.06
- 0
1:-—1|E7T * x ¥ £ ¥ ¥ ¥ )IK %
N - 7 l
> 0.95— ™ ] i ] é n [ l I [
© - I 1 1
S t D
b
I S ‘ ' EIC
~ ] [ . |
F - () =1000 GeV
E <Zh>=().4
T

Q” [GeV?) Teorate
NOTE: pr-broadening values are arbitrary Q2 range relevant to A+A

2% acceptance for heavy flavors (Simulations by R.Dupré)
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Large v, light vs neavy
[Accardi, Dupré, Hafidi, EIC e+A note]
» At large v
-~ formation times are very long
-~ attenuation disappears
- pT-broadening little affected = ideal test of pQCD energy loss

S Can solve RHIC's
Ex x ox x o2 % % k% ¥ ‘“heavy-flavor puzzle”
ERT SRR S A R A Wicks et al,, nuclt/0512076
U : 0.8'7 A  PHENIX g :
QIS - B 058 - d
Sy C I ] %) 2 By ]
\4/ 0.85 __T T Y T H Y EIC § 04&?}\ ‘~{__
F | (V) =1000 GeV g . ﬁ'ﬁ T%mﬁ _'
: (2n) =0. R IR G |
075 ==~7¢~~"26 36 40 50 60 70 80 80 100 pT [GeV/c]
Q” [GeV?) Teorate
NOTE: pr-broadening values are arbitrary Q2 range relevant to A+A
2% acceptance for heavy flavors (Simulations by R.Dupré)
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Conclusions

* Beyond the brick
<+ cold nuclei are the next best approximation to the QGP

* Cold nuclei absolutely necessary:
<+ benchmark theory and MC models on real processes
< hence, quantitatively extract QGP properties

* Interplay of DIS, DY, hadrons in p+A
< requires unified formalism

* Next theory challenge:
+ pr-broadening vs. 2, , v, Q2

* Next experimental challenge:
< the Electron-Ion Collider

accardi@jlab.org BNL, 14-18 December 2009
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The end



Backup slides



The EIC parton energy loss

and hadronization program
fixed
EIC target

* Precision tests of pQCD energy loss, DGLAP showers

* Space-time picture of parton fragmentation
(perturbative regime)

:
* Jet event shape modifications, time evolution @
(8
:
v

* Hadronization from current to target region

Not energy nor luminosity hungry (except B mesons, rare had's, 5D ?)

but needs good PID, vertex detector

accardi@jlab.org BNL, 14-18 December 2009 38



The EIC = jet physics

* First time for jet physics in e+A
< map out observables as a function of parton energy

[from N. Bianchi]

* Tests of energy loss models: E _ Unquenchea
+ e.g., jet distortion in cold matter sy ;<& =troevim | o
111 : ! ~ = o <§> = 10 GeV %/fm peEEL
[Borghini, Wiedemann, '06] Z . (2} co cevimgii
ZE .- E.e=100 GeV ol B S
S . A+A@LH
DDE : 21 ........ | . 'é — .'7'. '~-£-;=.,8

E ln( Jet/phadron)
* Jet shapes, time evolution —» Sterman at EIC workshop, INT Seattle, Oct 09

So in a sense, I “tells a series of stories”, of all
possible emissions that take time t:

codt 1/ 't dp _ _ .
Ew,Q) =2 —[ | —A(as(PT)) {e uv(pr/Q) _ 1]
0t Qyt pT .

— 2
+= B(as(f@)f’ w2 1))
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E'C VSl HERMES 1-22_ Mtﬂ:ﬂ:ﬂad}-{b{h#{#{ﬂa}{ﬂldbd}ﬂ:{ﬂ:{t’.}d}ﬂ:#{.‘: %%f
[Accardi, Dupré, Hafidi, EIC e+A note] B
3 s 1§ L ElC v 12<Nu<17
1 dNA (Z) e ool o 17<Nu<235
iy A ey 92 R RARIY S
RM(Z) e 0_7_—1 1 lilllll'
1 ng(Z) ; 1 HERMES 900 < Nu < 1100
0.6 - e
NDIS’ dz 1 10 Q2 1(:z 10
D

* SimUIation With PYTHIA 6.4‘19 1.2: ########%##%##%4}%4}#4}##4}{P=}{={=ﬂ=##4}4}4}4}{54}4}
*no nuclear effect -yet 1_1—lllllllllllllllllllllllllllllllllllll%
=5 10 weeks of beam at eRHIC .

_.
[T
<8
Y
«®
“«®
«8
480
<«
4 B
4e
<8
«®
<@
<@
<@
P
<0
40
PR
4@
“«®
“«®
4@
a®
“«®
4 2
4
4
aw
4@
4@
a®
aw
an
40
a0
o
.

: SEf 0-35— i é ’ i
¥ High statistics: S S T L T }
{ x g = . B 7 1
= from 2D to 5D distributions oo S
0.5
0.2 03 08 X T Y 05 08 1

¥ Large reach in py and Q2 (xp) I

¥ Large range in v N ST WY
+small v - hadronization inside A~ wf I
=# large v — precision tests of QCD = F i | i
en. loss, DGLAP evolution, parton oo Téfil |
showers o tE charged pions
(Simulations by R.Dupré) SIS N A eRHIC 20+100 GeV
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Heavy quarks identification

+ D and B particles have a non negligible life time (¢cT ~ 100 Jum)

¥ High precision vertex tracking used or planned in a lot of experiments
( ALICE, CMS - STAR, PHENIX - ZEUS ... ):

= Silicon strip detector

=% Pixel detector
o S

+# EIC needs vertex detector
with spatial resolution

N5 100.40m

=% more studies are needed

number of events
=
Fa

10

=1

10 =

% 4

Entries

12762

X' /ndf8.558 / 54

2.801 £ 0.3028E-01
—150.8 & 3.241

hadrons

e UL L

[A.Bruell, EIC MC Group
Meeting @ Boulder, Nov. 04]

T = M/slope = (125+
PDG = 123.4+-0.8 um

0

11 | 1 1
.01 002 003 004 005 006 007 008 009 0.1

vertex separation (cm)
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Proton anoraly also in cold matter!

B 1 I 1 1 1 I 1
1.4 _
L Kr _
Py -
1.2 — _
i o
¥ b K+ :
. ¢ ¢
oglL m = E i i } =
i ¢ -
0.6:— ; l__
0.4 _I 1 | I | | | I | | | I | | 1 | |
0 0.2 0.4 0.6 0.8
7 = Eh v

1.4

1.2

0.8

0.6

0.4

HERMES Ejp=27 GeV - Phys.Lett.B577(03)37
T 1 I 1 1 1 I ! 1 ! i T T T T T T T T 1

S

6
z = B, /v

+ proton anomaly! ...but anti-protons are normal...

+ analogous to “baryon/meson anomaly” in p+p, p+A and A+A
-+ what do they have in common, if anything?
-+ What about “Higher-Twist” baryon production ?
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Results - Ejgp, = 27 GeV

h* =t n~ K* K- p

|
=I: =
.|||||||

‘hhpqt
— —
II|I'I rlllll’llllilllll [
e "
B
>

HERMES 1 ¢
—2 x N @ _:
® Ne prelim. -
-3 -0 Kr  E,,=27CeV \ /‘\t\
4 ~ JeRs
- o E [ i e B B B
_g 1 I : o E A ;  HERMES Kr
EAssssssEEEEEEEEEEEEEEE ﬂ- --------------------------------------------------- Ep----.-.-.-. - _
™ ° 0 -r: . Ler B
ol D C i
~
; !
[ [ [ [ ] 0'8 : ﬂ+ . " E i 2 i } R
¥ Mm)>0 : Formation-time scaling for pions! : i
0.6 :
+ i -
*Whykbest(h_)&'oonKr? Ol4_||||| L ]
<@ proton anomaly! e
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4) Correlations between xg and Q2
[A.A., nucl-th/0808.0656]

# For example: if Lund string model for (#,) is valid,
i : -'_.:' §
() 2&'{}}%} 25 bty ~.const.
i Bﬂ{ff’%}(@?-hirm ~ const.

+ Dewviations from such scaling are going to expose the underlying physics:

Q™ "Alpr)ep |[TBA(PT) @2
model VS. QE V.. LB
tp X V/K LO A
mDGLAP (1) —
NLO vs. LO (2) — T
colored h.. (3) =
tp X v /Q)? color dlp:::»lt [11] e
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Two-particle correlations at HERMES

NQ(ZQ)

# Double hadron attenuation R,

# in A+A = “same-side correlations”,

(akin to jet yield on top of ridge)
-+

C =gl — e
— g h = 1.4 .
“ 1 1.3 f
) 1.2 |
11}
1f
0.9 |
0.8 |
0.7 |
=14 _— 06 |
SRERS 13|
1.2 1.2 F
11F 1.1}
1L 1f
09 [ 0.9 |
0.8 [ 0.8 |
L Eraronrergy s motel " Vo Froptonmed
0 01 02 03 04 05 0 01 02 03 04 05
Z HERMES PRL96(06)16230G1
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Two-particle correlations at HERMES

+ Small A-depence: surface bias?

N3 (z2)

NQ(ZQ)

# E.g., NLO hard scattering

hi
LO >W\O . o R e i
ho
%] hl
NLO >\/\/\OTO\Oh/ Z,?ILO = E,Lh/VZ e ZiLO
2

more absorption: hard scattering for observed h is close to surface
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1) The “A27 power law”

# Old thinking: the A%/3 law
< Energy loss (LPM effect in QCD): 1- Ry ~ <Az> ~ [2 ~ A2/3
< Hadron absorption: 1-Ry; ~ < no. of nueleers=seer > ~ L ~ Al/3

e WRONG! &
: , Ryj=cA®% (He,N,Ne,Kr)
# A%/3 also for absorption models! .
[A.A., et al., NPA 761(2005)67] 00| w-<e—enloss T+
< additional dimensionful scale: E: HERMES
; . . ata
prehadron production length (z,) o N
< neutralize it = additional power of A :: absorption
1— Rur o AY3(Ra/{tp))" = AME2 ] =06
05 10 1.5 20 25 30
s typlcally A2/3 11 [A.A.,EPJC 2007] ¢ &i0%

A-dependence of Ry does not test

dominance of partonic or prehadronic physics:

no info on parton lifetime
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2) Scaling analysis - example

A.A., PLB B649 (07) 384

| | 1 | |
HERMES 7 on Kr

[ HERMES 7* on Kr
& __*.:—-".ﬂ_rn

z—aistr.
O nu=distr

ae—ET

best fil (A ,=0.34) —

gl
E.

o 10
T(A,..) [fm]
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Results - Ejgp, = 12 GeV

1 ¢ ]

C h* h- L ™ J

< 0.5 —

o - $ ¢ .

Q - ¢ N

- HERMES .

—0.5 = O Kr prelim. BE.=12 GeV —

o - .

o 2F o o E

:'i [ —— O Q e =

o - E
~< 0 C

# pions are still positive! confirms results at 27 GeV

¥ Apest(h™) — 0 but Apeg(h) >0
< proton anomaly hypothesis confirmed!
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