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Motivation
-

p_ distributions (ratio plots)

Charged hadron p at7TeV, || < 2.4, CMS
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Motivation

p_ distributions (ratio plots)

MC/Data MC/Data MC/Data

MC/Data

B s T T LT

SR AVENRTEIS IVERFIVEN AAAVINS) AVANEVATIS R

Charged hadron p at7TeV, || < 2.4, CMS

—— Pyrmia 8

444
MAARAARL AL ISR ERRRRAT

1 2 3 4 5 6
it p at7TeV, |y| < 0.5, ALICE

]

ddddd
T

0.5 1 15 2 2.5 3
pLat7TeV, y| <05, ALICE

T
o

|

1 2 3 4 5 6
K* p; atyTeV, y| < 0.5, ALICE

T

AT AAAENIN SNATINES SRR IVENRTAr A
1 2 3

5 6
p1 [GeV/c]

Enhanced strangeness with increasing ngp,

Ratio of yields to (m+r*)

LELELRLLL LA ALL | LA ALL |
L occenaetis 0 0fb
10 : 2Kg .
r Wi’% 0O gy
- o AR (x2)
i i
th [U] it
Z4E (x6)
10 @43 (x16) ]
ALICE
® pp, Vs=7TeV
O p-Pb, (S = 5.02 TeV
0 Pb-Pb, {Syy = 2.76 TeV
107 I L

10° 10°
<chn/d 77>| nl<0.5

19



Lund String Fragmentation

Flavour and transverse momentum of hadrons:

string streched between qq A4

qq moves apart — energy stored in string

( potential V(r) =xr) 3 2 1

creation of g,q; pairs breaks string: t

my q, =0 on-shell production in single vertex a q L’

X
myq, >0 tunneling probability

exp <—ﬂ' m2 qi/n) = exp (—ﬂ' mgl /Ii) exp (—ﬂpi qi/n>

{ 1
flavour selection of g,q; (% q) =K/ = o?
lots of flavour parameters: — suppression of strangeness and diquarks, n and n’

— rates for different meson multiplets
O(20) free parameters in total
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Thermodynamical String Model

Idea: hadron-level suppression

exp (—m 1 had/T) With 1m0 1 hag = \/Mipag +P7 hag

e generate p, hag according to

Jhad(PL had) AP 1 had = exp (=P had/T) AP had
o fourier transformation to obtain quark-level distribution

b Jo(bprq/T) . exp(—cp q/T)
fa(pLq) oc/ de fit: NW

e pick hadron flavour accordingto  Prag = exp (—m hag/T)
+ multiplicative factors for spin-counting, SU(6) symmetry factors, ..
e heavier hadrons obtain more p |

¢ 3 free parameters in total
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Close-Packing of Strings

Idea: more MPIs = closer packing of strings

e transverse region shrinks =- larger string tension

e guess momentum of next hadron, based on average quantities
® ngying = Number of strings that cross hadron rapidity

TNstring — 1

o effective number of strings néff =14 ST~
1492 hag /P10

string —

o modify Gaussian width o — (ng‘{:mqu (similar for temperature)
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Close-Packing of Strings

Idea: more MPIs = closer packing of strings

e transverse region shrinks =- larger string tension
e guess momentum of next hadron, based on average quantities
® ngying = Number of strings that cross hadron rapidity

TNgtring — 1
1492 hag /P10

effective number of strings ng{jing =1+

modify Gaussian width o — (ng‘{:ingyJ (similar for temperature)

P1) Vs. ng, in toy model (2-8 strings, 1 E = 1TeV)
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Hadron Rescattering
L ——————S—§—5—5—555——ss——

Idea: dense hadronic gas =- hadrons might rescatter on the way out

Find hadron pairs that can scatter:

e cut on the invariant mass of the hadron pair  mj,, < \/m% + [Pmax|? + \/mg + |Pmax|?

e rescattering probability: overall probability - probability for same-string

Amin A max A”
i i

¢ in CoM frame rotate around angles chosen flat in d 2
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Results
-

Transverse momentum distributions: inclusive and pions

Charged hadron p, at7TeV, 5| < 2.4 7* transverse momentum at 7 TeV, |y| < 0.5
& 10! 2 ot
= —e— CMS data T ; —e— ALICE data
= R —— default o £ —— default
Ng —— Gaussian p, & r —— Gaussian p,
o —— Thermal p | T —— Thermal p;
5 cE
g S -
IS = E
<10 =
= L
10 107"
b i
Bl v o b a by ol b b b by
14 14
g 1.2 8 12
= = = £
S 2
Jd E J
= o8- = 08
0.6 0.6
Bl b b beve i b ol b b b by

1 2 3 4 0.5 1 1.5 2

5 6 25 3
pi[Gev/el po [Gev/e]

6/9



Results
-

Transverse momentum distributions: protons and kaons

P, p transverse momentum at 7 TeV, |y| < 0.5 K* transverse momentum at 7 TeV, [y| < 0.5
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Results

Enhanced strangeness with increasing nep

Ratio of yields to (7+ + 717) at 7 TeV, || < 0.5
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Summary and Outlook
L ——————S—§—5—5—555——ss——

What is new?

e option for generating p, hag accordingto exp(—pJ had/T")
with flavour selection according to  exp(—m ) hag/T)

o effect of close-packing of strings

¢ simple model for hadron rescattering

What does it do?
e improves some observables, such as p spectra, (p, )(mnad)
e does not improve everything, e.g. kaon p remains difficult

e hadron decays are a limiting factor
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Summary and Outlook
L ——————S—§—5—5—555——ss——

What is new?

e option for generating p, hag accordingto exp(—pJ had/T")
with flavour selection according to  exp(—m nhag/T)

o effect of close-packing of strings

¢ simple model for hadron rescattering

What does it do?
e improves some observables, such as p spectra, (p, )(mnad)
e does not improve everything, e.g. kaon p remains difficult

e hadron decays are a limiting factor

Further work required!

e microscopic tracing of the full space-time evolution (partons and hadrons, production
and decay vertices)

e more detailed understanding and modelling
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Flavour Asymmetry in Thermodynamical Model
L ——————S—§—5—5—555——ss——

Toy model with d and s quarks only

e (d —s) competeswith (d —-d) — ds obtainslargerp

e (s—d) competeswith (s —s) — sd obtains smallerp
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Rapidity Distributions

Rapidity distribution of the strings in an event Rapidity distribution of the strings in an event
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Limiting factor: Decays
L ——————S—§—5—5—555——ss——

pion transverse momentum @ LHC, with and without decays, similar for protons

7+ transverse momentum at LHC
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= decays wash out effects present after fragmentation
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Hadron Rescattering

(pL) intoy model (5 strings with E = m z on the z axis)

(p.) for different hadron species (p.) for different hadron species
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Results

Average transverse momentum: as a function of ng, and mpaqg

Ch. (p1) vs. tteh at 7TeV, P yrack > 100MeV, 1 > 2, |y < 2.5 Mean transverse momentum vs. mass at 7 TeV, |y| < 0.5
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