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Talk overview

® Quick summary of the model

® Particle masses: better and better
® Magnetic moment

e Elastic Scattering: p-p & p-pbar

® Collisions at LHC
® Particles kinematics
® Jets
e Multiple “Parton” Interactions

® Next steps
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The model in 3 words

Progress with the Nuons model » 08/05/15 4




Particles masses
and Magnetic Moment

Programs findall.C, showmass.C, drawmass.C
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Nuon : a building block
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Mass Magnetic
moment

keep_findall_5473.root with 732€¢“sevents Thu May 7 10:20028<7115
nuons quarks spin | rings [PDG mass nuons model PDG-nuons |mmexp/n v. ..lq mm_nuons life time
(MeV) (MeV) PDG (un) (un) (seconds)
ut 1/2 1 105.658 105.585 -0.000691 8.89/?7? 8.900 2.2e-06
3 (6886) -5.37¢-08 1211.20.02
Tt ud 0 1 139.57 139.928 0.00257 ?? 0.013 2.6e-08
4 R =0.663 R = 0.628147 (6771) -3.2e-08 -1452.9.0.08
Ty (uﬁ-da)/E 0 1 134.976 134.893 -0.000617 -?? 0.100 8.4e-17
4 (7037) -0.0204 -4911.44e+05
K us 0 2 493.677 493.604 -0.000149 ?? 1.744 1.24e-08
32 (6374) -1.29¢-05 351.410.005
ds 0 2 497.614 497.184 -0.000864 -?? 0.053 5.11e-08
% 32 S (6622) -0.225 -2597.80.001
M U+dd-2ss 547.853 548.177 0.000591 -?? 0.051 3.5e-08
36 (uu+dd ZSS)/% 0 2 (3436) -0.253 -3083.71e+03
p* ud 1 3 770 767.863 -0.00278 2:0.5/? 3.007 4.5e-24
52 (3088) 2.63¢-05 1085.40.01
o, d 782 781.195 -0.00103 -?? -2.359 7.8e-23
53 (ﬁu+dd)lﬁ 1 3 (3312) -0.371 -5276.89¢+02
o] uud 1/2 3 938.272 938.304 3.41e-05 2.793/2.79 2.793 1e+40
64 R =0.8768 R = 0.876071 (5802) -4.31e-05 1710.20.02
n udd 1/2 3 939.565 939.386 -0.00019 -1.913/1.86 -1.958 885.7
64 (5870) -0.447 -68656e+02
¢ ss 1 5 1019.45 1020.95 0.00148 -?? -1.800 1.55e-22
70 (1584) -0.488 -7789.78e+02
uds 1/2 3.5 1115.7 1118.01 0.00207 -0.613/0.61 -1.642 2.63e-10
77 (1560) -0.535 -8874.8.0.05
b 1189.37 1191.52 0.00181 2.458/2.69 2.592 8.02e-11
82 uus 1/2 3.5 (1370) -9.47¢-05 2908 0.02
1192.64 1188.7 -0.0033 -0.61/0.82 -1.543 7.4e-20
> 82 uds 1/2 3.5 (1588) -0.568 -9686.2 5
3 1197.45 1205.54 0.00676 -1.16/1.04 -2.583 1.48e-10
83 dds 1/2 3.5 (1401) 2.31e-05 2074.80.02
= d 1/2 4 1321.7 1319.74 -0.00148 -0.651/0.51 -2.520 1.64e-10
91 SS (1313) -3.46e-05 3605.80.03
) 1314.8 1314.37 -0.000325 -1.25/1.44 -1.393 2.9e-10
%91 uss 1/2 4 (1631) -0.628 11189 0.1
Q 1672.45 1676.55 0.00245 -2.02/1.83 -2.383 8.21e-11
116| Sss 372 4.5 (1346) 0.00019 5940.30.06
D+ cd 0 5.5 1869.6 1877.81 0.00439 ?? 1.833 1.04e-18
130 (1287) -7.08e-05 747855 0.2
DO cu 0 5.5 1864.8 1859.79 -0.00269 -?? 0.030 4.1e-17
130 (1493) -0.876 18171 0.7

fnorm = 4000 0.0018133



mass vs number of nuons
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Elastic Scattering

No time to explain the simulator Totem.C.
The program computes the sum of all Coulomb forces when
traveling and spinning protons cross each other with a crossing angle.
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pp elastic at /7 TeV

p-p elastic: s = 7000 GeV/c

)
—_
o

N

U

+ nuons model events = 278664 / Th eo ret I ca | \ TOT E M

[ ] H *
L ®  data dlstmm 05 protonRadlus

o] L P — . distmax =15 fermi predictions results at 7

?
T zrange = . 36 ferm| .
Dot | from various TeV

P N WS S— o £=0.00037fermi . models
. ¢ =10.353Z = 0.00383086 fe-mi
P = 0.000526554 fermi
np : : : H

109

do/dt(mb/GeV?

10T tfactor=0.00045 . <  Block etal.
E s ibeam -(0 41 (GeV/é) 3.1 i ——— Bourrely et al.
N W ﬁnuon =0. 0598;0 '“;_ 10-) & [slam et al. (CGC)
10—2 L T ‘.l-, .................. nsteps-40 ..................... - E Jenkovszky et al.
S = & ; ; cr-angle 0. 000285 radnans <] C Petrov et al. (3P)
- T~ smear -1e-05f L - ‘_ TOTHM
1077 & 4

10~

=

l()—.") 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 11 1 P 1 T

05 1 15 2 25 3 35 4
Itl (GeV?3)

olsnbb01 : keep_totem_106242.root : Thu May 7 10:31:53 2015




p-p elastic: Vs =7000 GeV/c

vnuon = 0.02*c

_nuons in phase
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Collisions at LHC

Particles Kinematics, Jets, MPI

Program collide.C
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Proton Radius

| p-p elastic cross-section |
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Collision Probability

A\ Wpyg T
R 8,
S\ 79,

The electrons are assumed t

elastic, deep, strong interactions distances

relative strength

be a gaussian wave

1
0.9
0.8
0.7
0.6 .

The collision energy
0.5 is proportional to the
0.4 products of the 2
gaussians
0.3 y
0.2
ertaeetetetedetots, veetel
P4 M\ R

0.003  -0.002 _ -0.001 0.001 0.002

0.003
fermis

kElecSigma = 0.00037 fermi




Collision products

Average charged particle multiplicity in e*e” collisions
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Some simple estimators

min, max Pt and multiplicity in p-p collisions
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Collision types and Pt

track Pt

107

nuons recombinations
axial-axial jets, maxE=1610.53
axial-radial jets, maxE=260.407

radial-radial jets, maxE=126.316

107°
107°

Dl : :

S 10 900ga e oeoeeeeees
3 = f

$ 1E00Q@g  @g oo
— 10—1 ............................ .
T @ :

5§ ' Deean OO@gi @ oo
; 1078 0 " -------------
% ® :

o 7 :

B :

o :

RPN N SRR UURRRUUOURRRTIT. 4 Q@

R S S S— 1!, -------------------------------------------------------------------
Ll Pt I. --------------------------------------------------------------
1070 oo @b ! I ------------------------------------------------------
Ll SO - “ T SO I
10—11 ............................................................................ Y O i i N i T
Ll S Ss Spp 1 LT @)
107 B oo £ 20 [ I R I
L] OO SO O ORI SO . RS 4
10-15 T SR S S N N S ! A o A U T 0 ..
10—16 1 1 ||||||| 1 1 |||||||

—1 2 2 3 3

10 2 3 4567 10 20 30 10° 2x10 100 2x10
p1{GeV/c]

 08/05/15

if§§
..ii

23



900 GeV

/s = 900 GeV/c®: 608130686 events N —
[ ] nuons (! < 2.5, aradial = 0.8) g B = : ; : : xl\iﬂsﬂ 4'1442‘;(7)2

¢ =0.00037, 57000 = 0.415, p = 1.4
d12min = 0.0878, dens =0.928829
numr = 0.4, cutnuon = 0.4
<pions/n> = 3.65082 25
<pp= 0.449159 [GeV/c]

—— CMS April 2011 arXiv:1104.
<pions/i> = 3.483 15— . T
<p>=0.44 [GeV/c] 3

e model maxPt = 207.068 GeV/c

3.5

[ pt>500 Mev/c
I ot > 2500 MeV/c

¥ Atlas pt>100 MeV INEL
¥ Atlas pt>500 MeV INEL
§  Atlas pt>2.5 GeV INEL
1 Alice

3|

1/(21p )N, /cdp [(GeV/c]
3

107 ;
102 gt
LT ] — [
ET0 il S - +pionsA
10-1 -e-kaons
10125~ | nuons: soft/ard = 5.886 - +p|r'otons
<-alice
1013 | .
alice: softthard =5.700 f: 7 UUIUUTTETUIOI AT T AL 10 e e o e gt e g
1014 O S et ededenns 0 T > N L 2
1018 Poi il Poion il il i m.i i e
10" 2x10" 1 2 3 4567810 20 3040 100 2x1C¢°
plGeVic] : 3 : R
[ Charged particles multiplicity, see: cms_jhep.01.2011.079.pdf |
25
= Nuons o
® CMS 900 GeV [ ratio Kicand p/x at 900 GeV_|
: o * —e— kaons/pions
: : R S —e— protons/pions [
"""""""" 0.4 - ¥ Alice K/ B R 1% LI L LR g
P S ® Alicep/r | o T -
——————— 03
(LT T SN0 S SUNTOTRITIITT v .rs rofior U ORI TITTTS RUTIOTORPNS RO
Qi 02— O g
[T .. S e SO S
————————— 01
Q0B+ e it e
B IV I AN I SN I N I I B o L L L i i
2 1 20 50 0 %0 60 & 8 %0 Joo Ixbsq2415 : 653 : Thu May 7 10:07:31 2015 ’ ’ ot

Ixbsq2415 : 653 : Thu May 7 10:07:31 2015 Nen



2,
(s = 7000 GeV/c : 4055895561 events I —
E +11
_ @  nuons (l < 2.5, aradial = 0.84) e R
T 10 ¢ = 0.00037, 57000 = 0.412, p = 1.95 -0 e R e
%’ 1 d12min = 0.0942, dens =0.412 I pt>2500 MeV/c
151 =04 =04 ¥ Atlas pt>100 MeV INEL
= 101 numr = 0.4, cutnuon = 0. #  Atlas pt>500 MeV INEL
;"-_ <pions/m> = 6.24811 #  Atlas pt>2.5 GeV INEL
5 102 <p> = 0.545432 [GeV/c] Lheb
; 10° —®— CMS April 2011 7 TeV CMS NSD
o <pions/n>=5.63
gf 104 <= 0.545 [GeV/c]
< 10° m—— model maxPt = 1341.05 GeV/c
10°®
107 "
10°®
10°° n, K, p cross-sections at 7000 GeV ]
10710 IR ~|-e-pions
101" : -e-kaons
10-12[—{nuons: softhard =2.195 | G| ! = : +pr_otons
: -©-alice
10" ] : :
alice: soft/hard = 2.360 : -
1014 B f :
15 | | L 11111 ’ | | L 11111 ’ | 1 | 1 ’ 1 L 11111 ’ °
107" 2x10™ 1 2 3456 10 2030 107 2107 10° ;
pGeVrc] i
Charged particles multiplicity, see: cms_jhep.01.2011.079.pdf | - | , , , i
ol o o e
5 . P
§ 10 - Nuons
= =
S - - ® CMS 7000 GeV [_ratio K/ and p/x at 7000 GeV |
N .
£ : : : 05
T 10 e —e— kaons/pions
E ; 0.49 | —e— protons/pions
- : 04 % Alice K/n
10°° E T 0.35) ® Alice p/n
E 0.3 ;
107 = . 0.25)
E : 0.2
L 0.15}
107 s
= : 0.1
E : : : : : : : : : 0.05] b
PP 3 SN RN I S I B I S S R o i
0 20 40 60 80 100 120 140 160 180 200 05 1 15 2 25
Ixbsq2415 : 2731 : Thu May 7 10:06:29 2015 P

olsnbb01 : 71955 : Thu Apr 9 12:33:17 2015 nch



Jets 0.9, 2.76 TeV
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Jets /7, 8 TeV

| Jets Pt, s = 7000 GeV/c®: 1104276340 events
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Inclusive Jets

Cumulative number of jets hjets

ratio njets/njets-1
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Progress with the Nuons model
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Jets vs event Multiplicity W;

Jets compared to CMS data at Vs = 7000 GeV/é : 821716887 events

3
—

10<N_ <30 | 30<N_ <50 | 50<N_<80 | 80<N_<110 | 110<N_=<140
events % data 0.581 0.264 0.130 0.0219 0.0024
nuon 0.581 0.264 0.135 0.0189 0.0019
ohparticle  data | 0.68:0.01 0.75 = 0.01 0.80 = 0.01 0.85 + 0.01 0.88 = 0.01
T nuon 0.67 0.75 0.77 0.81 0.89
p622 0.67 0.74 0.80 0.85 0.90
pUE data | 0.65=0.01 0.71 = 0.01 0.74 = 0.01 0.76 + 0.01 0.77 = 0.01
T nuon 0.66 0.74 0.77 0.81 0.89
p6Z2 0.65 0.70 0.74 0.76 0.77
o data| 1.90=x0.02 1.64 = 0.02 1.45 + 0.01 1.32+0.01 1.24 + 0.01
T nuon 2.13 1.98 1.87 2.05 2.41
p622 1.86 1.62 1.44 1.33 1.29
ol data| 3.65=+0.05 3.37 = 0.04 3.15+ 0.03 2.96 + 0.03 2.86 = 0.03
T nuon 3.51 3.32 3.17 3.41 3.93
p622 3.59 3.33 3.10 2.97 3.05
oh jet data| 6.85+0.06 7.04 = 0.09 7.18 + 0.09 7.46 = 0.11 7.81:0.10
T nuon 6.97 6.90 6.81 7.33 8.31
p6Z2 7.01 7.20 7.30 7.64 8.15
chjets/event 9ata | 0.054:0.004 | 0.287 =0.014 | 0.84=0.03 2.13+ 0.09 3.68 = 0.15
nuon 0.046 0.167 0.310 0.610 1.116
pt>5 p622 0.067 0.304 0.87 2.12 3.95
chietsievent e | O | oot | e oames | Gzt | G o
pt>30 p622 | (2.7 +0.3)10° | (3.5 +0.2)10” | (1.4+0.2)10° | (5.7 + 0.4)10° | (2.1 = 0.1)10?
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see : CERN-PH-EP/2013-195 (arXiv:submit/0825507)




Multi Parton Interactions
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Collision types vs multiplicity

Number of collision types vs <nch> at= 7000 GeV/¢: 1138031859 events
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MPI vs Energy and multiplici

number of collisions vs multiplicity,
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Mini-jets In pp vs.

<9]- 35_ ——a— ALICE data
» Mini-jets: bundles of particles from 2 s . e 55 T
semi-hard partonic scatterings £ 25 S

» How: from 2-particle correlations,

associated yields in near and away ' e sz
. 1- prve 2 04 cevie
sides [0 ALICE, JHEP 09 (2013) 049 .- N oo vz 0
. Uncorrelated seeds = number e T
of independent sources of ~p 2Of T+ AucEEre@ s=TTey
. . ® i 4~ ALICE (pp @ \s = 2.76 TeV)
particle production 800l " AUCE@R@1s-09TeV
<N § :
<N >= tiggor ~ 5 15l
uncorrelated seeds <14 Nassoc vy > § 15:
< :
= In PYTHIA strongly correlated 100
with number of MPls K
& Linearly increasing with ut
multiplicity at low multiplicity A P 07O
= Levels off at high multiplicities 0 10 20 30 40 50 60 70 g
charged, | < 0.9, p_> 0.2 GeV/c




Open charm vs. open beauty

\)
9]

ALICE pp \S = 7TeV
¢ Average D°, D*, D* meson |y|<0.5, 2<p <4 GeV/c

;

W :

(BN/dydp. ) / (N/dydp.)
o

o0 * Non-promptJ/iy — e*e’, [y|<0.9, p_>0 _]
e D mesons, midy H B
m J/y < beauty, mid y .
10 —

9))

Illlllllllllllllllllllll

I‘l +6%/-3% normalization unc. not shown
o + 6% unc. on (dN/dn) / (dN/dn) not shown
I!IIll!llll!llll!lllI!Illl!llll!llll!llll

B fraction hypothesis: x 1/2 (2) at low (high) multiplicity

T S —
(dN,,/dn) / (IN_/dn)

I]lllllll T IIIIIII‘E
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w
N

B feed-down unc.
o

Similar increase with
multiplicity of per-event

yield of open charm and

beauty production
ALICE, arXiv:1505.00664



T
N
O

(d?N/d ydp.) / (PN/dydp_)

(d?N/d ydp.) / (PN/d ydp))

Model calculations

U ALICE, arXiv:1505, 00664
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I - Percolatlon p,>0 R

(dN/dn) / (N _/dn

1

U

+ - -EPOS 3.099 ,.i
—EPOS 3.099 + Hydro 7
« PYTHIA 8.157 :

] ]
_ / 8<p <12GeV/c

2 3 4 5 6 7 8 9

(dN/dn) / (N _/dn)

Percolation model

& Elementary sources of
particle production:
colour ropes/strings
formed in parton-parton
collisions

v’ Close to MPI scenario

& Colour strings have
finite spatial extension
and interact

v' At high densities:
overlap among the

sources -> reduction
of their number

v' Affects more soft
sources (larger
transverse size) and
charged multiplicity

& More than linear
increase of D-meson
yield with multiplicity

48

Ferreiro, Pajares, PRC 86 (2012) 034903




Predictions for 13 TeV

Progress with the Nuons model ; 08/05/15 3 6




pp elastic at 13 TeV

p-p elastic: (s = 13000 GeV/c

T TR E R o T TR TR e
8 - + nuons model events = 1210763
S -==. ®  data dlstmln 0. 5*protonRad|u§
E 1 O :_... .................... S —— dlstmax 12 8923 ferml......:..
~—" Fam
K, ] zrange =36 ferml
2] -5 p =2.00488
1 :_-. ......... ......................... ......................... .................. s.-.ﬂ 00037. ferml .....................
= : : : o =10.9727 = 0.0040599 ferml
” X = 0. 000454299 fermi

..............................................

tbeam = 0.330135 (GeV/R)
fnuon =0. 059830

.............................................
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Particles kinematics at 13

eta distribution

dN/dy
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Jets at 13 TeV

| Jets Pt, /s = 13000 GeV/c 1914590368 events |
—#— nuons, n|<2.5
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Possible next steps

Improvements to findall.C, totem.C, collide.C
Deep Inelastic: deep.C
Binding energy, Life time
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