Nuclear modification factor for gluon jets
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ATLAS data: arXiv:1208.1967 [hep-ex].
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CMS ( Pelin Kurt talk at QM’2012):

“More than 95% of the jet energy deposited in R < 0.2 for 10% centrality. ”
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Two theoretical questions:

1. Could be NMF < 1 at low = and large pr>Qs
without violation of the factorization theorem ?

2. Can be the value of NMF of the order of the
value measured by ATLAS?
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QCD factorization.

d*s(Y',pr) _ 2
dY’dsz -

O hard ® mlGP'r (mla /1’%:‘) m2GTr (m27 H’%')

o xGa(x,p3) = AzGp(x, u3)

d?o(AA)(Y',pr) /A d*c (pp)(Y',p1)

® NMF =— o7 dY'dZpy

Z(CBGA(CB, /«Li“))z/(A wGP(wa :UJ%:‘))Z = 1

Violation of QCD factorization ?!
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No violation of QCD factorization, but

e Gy (ZE, [L%/Qz (A; C130)) = AxGp (379 11,2F/Q§ (A§ :U()))

—AxGp (az, na/ (Al/gQi (P;xo) ))
for urp = pr > Qs (As;x)

r1Gp (2131, H%/Qi (A; C1310)) r2G p (3327 M%/Qi (A; C1320))
r1Gp (331, u%/Qﬁ (P; fBlO)) r1Gp (332, u%/Qﬁ (P; 3320))

o Raa =
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Linear equations at large pr and x — 0

Evolution in In Q% (DGLAP evolution):

Y=In(1/x)
A [

| Q=Qs(p,x) Q=QS(A,X)
/

|
CGG/saturation 7
domain ,/
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Evolution in In(1/x) (BFKL-type evolution):

For low  both BFKL and DGLAP evolution equations have
the form:

0zG (Y; p2)

® Y — /d2kT K (pT, kT) xG (Y, kﬁ%)

Solutions have the form

wG(Y, ¢ = In (p;/AgCD) ) - /dg’G (Y — Y5,6 — &) 2Gin (Y = Y0, &)

o G(Y — Yy, & — &) — Green’s function,

¢ G(Y =Yp€—¢) = 6(€—¢).
o xG;, (Y =Yy, ') is the initial condition for =G
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General property of the solutions:

e :BG(Y,£ = In (pé/AéCD) ) = / d¢' G (Y — Y', ¢ — 5,) G (Y,v El)

Indeed, the general solution has the form

o G (Y,€) = [0 D qoY+1E g (y) = [0 du oY +r(@) g ()

€e—i00 271 €e—100 271

® w = w(v) —> Mellin image of K; v = «(w) —— solution of w = w(~)

e G(Y —Y',¢g) = [Todem(Y-Y)+a(e-¢)

€e—100 271
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Assume: zoG (Yo, kr) = S Q%(Yo)g (T = k2./Q? (o))

O :cG’(Y, E=In (pé/AZQCD) )

[ e —¥e-g) 56 (k)

= S Q% (Yy) / i—'ga (Y — Yo,pé/sz) g (k?r/Qi (Yo))

€e+i00 d 2 K k2
saton [ e () o ()

€—100 271 k%" Qg (},0)
e+100 d 2 K d

= SQIv) [ g Lesm (#) T g ()
e+100 d _ 2 v

- squ [ e (P )
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Proof: z0G (Yo,kr) = S Q%(Yo)g (T = k%./Q% (Vo))

o z2G (z,p2) = fp'-zr dk*¢(Y, k?)

o cbé (wg; ET> = &51471- [ d*b d2reikr T Vﬁ_ Né‘ (Yo; 73 b)
o N& (Yo;r,b) = 2N (Yo;7r,b) — N?(Yo;7,b)
1 — exp (—12Q2 (Yo;b) /2)

for N (Yp;r,b) =1 — exp (—erg (Yo; b) /4)( McLerran-Venugopalan)

o .G (wo,p%) — gS Q* (V) (1 — (14+27) exp (—27'))

= S5Q%(Yo) g (1)
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Estimates for NMF
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o N = &5(% — 1) or w(y) = 7;‘_‘%@

e G(Y,7) = f(vsp) exp (2 \/aSY In(7) — as In (1)

with ysp = /555
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e x = 103!l ATLAS( pr = 50GeV): Rcp(0 — 10%) = 0.5 £ 0.05;
Rcp(30 — 40%) = 0.7 4 0.05; Rcp(50 — 60%) = 0.9 &+ 0.05.
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Conclusions

1. Could be NMF < 1 at low = and large
pr>>>(Qs without violation of the factorization
theorem ?

2. Can be the value of NMF of the order of the
value measured by ATLAS?

YES
Prediction: For proton-nucleus collision
R(pA) = \/R(AA) <1
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