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QCD(subprocess�

•  Hard(scaEering(in(conven$onal(pQCD(

–  nac$ve(is(the(number(of(fields(par$cipa$ng(to(the(
hard(process((

–  pT/√s("(xT((
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Direct(hadron(produc$on�

Direct(meson(produc$on(
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Extrac$on(of(the(exponent(n(�

•  From(xT(scaling(

•  G(xT)(is(constant((
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Constant(for(several(
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NOTE:(√s1�√s2(is(beEer(to(cancel(several(higher(order(effects�



Exponent(n(in(experiment�

•  Exponent(n(is(measured(at(22.4(GeV(to(1.8(TeV�

Hadron�
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Jet�



Neutral(meson(measurement(with(
the(ALICE(detector�
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•  Central(detectors(
–  ITS:(Par$cle(DCA(
–  TPC:(Tracking(+(PID(
–  TOF:(PID(
–  HMPID:(PID(
–  TRD:(electron(ID(
–  EM(Calorimeter:(5(MeV(–(80(GeV(

•  Forward(detectors(
–  Muon:(Tracking(muon(ID�



Photon(reconstruc$on((1)(�

•  PHOS(
–  Lead(Tungstate(Crystal((PbWO4)((
–  Cell(dimensions:((

•  ((
–  Energy(resolu$on:(

•  ((
–  (((

•  EMCal(
–  Shashlik(calorimeter((leads/scin$llator(×(77)((
–  Cell(dimensions:((

•  ((
–  Energy(resolu$on:(

•  ((
–  (((

|η |< 0.12,Δϕ = 60!

σ E / E = 4.8% / E⊕11.3% / E ⊕1.7%

σ E / E =1.8% / E⊕ 3.3% / E ⊕1.1%

Δη ×Δϕ = 0.004×0.004

|η |< 0.67,Δϕ =100!

Δη ×Δϕ = 0.0143×0.0143



Photon(reconstruc$on((2)(�
•  Photon(Conversion(Method((PCM)(

–  Select(electron(candidates(with(TPC(dE/dx(
–  Pair(of(electron(and(positron(with(large(impact(

parameter((
–  DCA(between(the(pair((V0(finding)(
–  ArmenterosQPodolanskiQPlot((
(
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Data(sample�
•  protonQproton(@(8(TeV((2012)(
•  MinQbunch(crossing:(50(ns(=(20M(Hz(
•  The(collision(probability(/(BC(@(ALICE:(1(–(5(%(((
•  MinimumQbias(trigger((

–  Coincidence(V0QA(and(V0QC(
–  76%(efficiency(for(the(inelas$c(cross(sec$on(
–  σppMB(=(55.7(mb((vdM(scan(technique)(

•  PHOSQtrigger(
–  L0Qtrigger:(Eth(=(4(GeV((

•  Rejec$on(factor(to(MB:(~10000((

•  EMCalQtrigger((
–  L0Qtrigger:(Eth(=(2(GeV(

•  Rejec$on(factor(to(MB:(~70(
–  L1Qtrigger:(Eth(=(4(GeV(

•  Rejec$on(factor(to(MB:(~(12000(

 (GeV)EReconstructed 
0 5 10 15 20 25 30 35 40

G
am

m
a 

tri
gg

er
 e

ffi
ci

en
cy

0

0.2

0.4

0.6

0.8

1

1.2

 = 8 TeVs, pp
PHOS trigger
Trigger threshold 4 GeV

ALICE performance
               17.09.2015

data
MC

ALI−PERF−96683



Neutral(meson(reconstruc$on�

•  Invariant(mass(of(two(photon(candidate:(
(((((((

•  Event(mixing(for(uncorrelated(background(
•  Fit(with(gauss(+(low(mass(tail((
•  Paring(two(photons(from(PHOS(/(PCM(/(EMCal(/(PCMQEMCal(hybrid(

Mγ1γ 2 = 2Eγ1Eγ 2 1− cosθγ1γ 2( )



Results�



Full(corrected(cross(sec$on�
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Results:(Cross(sec$on(at(8(TeV�
•  0.3(–(35(GeV/c(π0(has(been(

measured(by(combining(all(
subsystems!(

•  The(pQCD(predic$ons(which(
have(been(tuned(with(lower(
energy(results(overes$mate(the(
spectrum.�
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Exponent(n(�

•  The(π0(is(consistent(with(
the(jet(@LHC(energies(

•  The(π0(is(higher(than(the(
jet(@(RHIC(energies�
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•  Almost(all(neutral(pions(are(generated(by(the(jet(
fragmenta$on(@(LHC!(

•  On(the(other(hand,(neutral(pions(are(generated(by(both(
jet(fragmenta$on(and(direct(hadron(produc$on(@(RHIC!(

Satoshi Yano



Mul$plicity(dependence�
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•  The(growth(of(high(pT(region(
is(larger(than(low(pT.(
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Mul$plicity(dependence�

•  The(growth(of(high(pT(region(
is(larger(than(low(pT.(

�

•  The(CR((Color(Reconnec$on)(
model(describes(both(high(
and(low(pT(growth.(

�
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Color(reconnec$on((CR)�
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Results:(η(to(π0(ra$o�

•  mT(scaling(viola$on!((6.2σ)(
•  Radial(flow?(
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Summary(and(conclusion�
•  Wide(pT(range(neutral(pion(cross(sec$on(in(pp(collisions(at(several(

LHC(energies(have(been(measured(with(the(ALICE(detector.(

•  The(direct(hadron(produc$on(mechanism(can(be(ignored(at(LHC(
collisions(energies.(On(the(other(hand(at(RHIC(energies,(it(should(be(
considered.(
–  When(we(compare(with(the(LHC(and(RHIC(results,(the(differences(

should(be(considered.(
(

•  The(CR(model(describes(the(mul$plicity(dependence(of(light(and(
heavy(hadrons.(
–  The(CR(can(not(reproduce(the(ridge…(

•  The(obvious(mT(scaling(viola$on(has(been(measured.(
(



LHCQRun1(pp(results�

 [GeV/c]
T
p

1 10

]3 c
-2

  [
pb

 G
eV

X0 π
→

pp 3 pd
σ3 d

E

4−10

3−10

2−10

1−10

1

10

210

310

410

510

610

710

810

910

1010

1110

1210

0 10× = 8 TeV spp, 
-2 10× = 7 TeV spp, 

-4 10× = 2.76 TeV spp, 

Levy-Tsallis
TCM
Power-Law

|<0.5η, |0π→(a) pp

 [GeV/c]
T
p

1 10

D
at

a/
Fi

t  
   

  

0.5
1

1.5
2 (b) Levy-Tsallis

 [GeV/c]
T
p

1 10

D
at

a/
Fi

t  
   

  

0.5
1

1.5
2 (c) TCM

 [GeV/c]
T

p
1 10

D
at

a/
Fi

t  
   

  

0.5
1

1.5
2 (d) Power-Law

 [GeV/c]
T
p

1 10

pQ
C

D
/D

at
a 

   
   

  

0.5
1

1.5
2 (e) pQCD

MSTW2008(PDF)
DSS14(FF)

Satoshi Yano



xT(scaling�
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Mul$plicity(determina$on�
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