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Introduction Illil-

The bulk of the particles produced in pp collisions arise from soft
iInteractions, which are modeled only phenomenologically.

Soft processes contain: double-
diffractive and non-diffractive (NSD) — to be presented today

Results of dN/dn, dN/dp_and <p_> of charged hadrons at 0.9, 2.36,
7.0 TeV are presented.

7.0 TeV: Highest collision energy ever!
Experimental results provide the critical guidance for tuning these

widely-used models and event generators, and preparation for the
high-luminosity runs at LHC.

Provide important reference for the heavy ion collisions.
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The CMS Detector |||i|-
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Data sample used for the 7 TeV is 1.1/ub. Collision BSC

rate ~ 50 Hz “pileup” ~ 0.3% (neglected)

Trigger: any hit in the Beam Scintillator Counters
(BSC, 3.23 < |n| < 4.65) AND a filled bunch
passing the beam pickups (BPTX)

Off-line event selection (NSD):

— >3 GeV total energy on both sides in the Forward 1:_"" -
Calorimeter (HF 2.9 <|n| < 5.2) ot
— BSC Beam Halo rejection (BSC) § 80 average
— Dedicated beam background rejection E 0.6/ -
— Collision vertex g
% 0.4_ 7
w : NSD —— PYTHIA 7 TeV :
55100 events are selected after all cuts (7 TeV). Event 02 |n|<2.5 - eoErie
selection efficiency is checked by MC and ZeroBias i ' ]
Sample. % 1|0 | 2|o | 3|0 | 4|0 | 5|0 | 6|0

Ch d-particl Itiplicit
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. . H
Beam gas event rejection |||"
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Trigger Efficiencies |||i|-

PYTHIA
Energy 0.9 TeV 2.36 TeV 7.0 TeV
Frac. Sel. Eff. Sel. Frac. | Frac. Sel. Eff. Sel. Frac. | Frac. Sel. Eff. Sel. Frac.
SD 22.5% 16.1% 5.2% 21.0% 21.8% 6.3% 19.2%  26.7% 6.8%
DD 12.3%  35.0% 6.2% 12.8%  33.8% 5.9% 12.9%  33.6% 5.8%
ND 65.2% 95.2% 88.7% 66.2%  96.4% 87.8% 67.9% 96.4% 87.4%
NSD 77.5%  85.6% 94.8% 79.0% 86.2% 93.6% 80.8% 93.1%
PHOJET
Energy 0.9 TeV 2.36 TeV 7.0 TeV
Frac. Sel. Eff. Sel. Frac. | Frac. Sel. Eff. Sel. Frac. | Frac. Sel. Eff. Sel. Frac.
SD 18.9% 20.1% 19% | 162% 25.1% 50% | 13.8% 30.7%
DD 8.4% 53.8% 5.9% 7.3% 50.0% 4.5% 6.6% 48.3% 3.8%
ND 72.7% 94.7% 89.2% 76.5%  96.5% 90.5% 79.6% 97.1% 91.2%
NSD  81.1% 90.5%  90.9% | 83.8% 924%  89.5% | 86.2% 95.0%

* Predictions from PYTHIA and PHOJET are studied.

* High NSD trigger efficiency > 85%.

* SD Fraction after the event selection is 5% - 7%.

* Difference between PHOJET SD definition and PYTHIA is at 2% level.
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Estimating the III'-
diffractive component from data il

Our measurement is corrected for non-single-diffractive events!
4 Variable used: Z(E+p,) = ZE(1+cos0O) = Z(p,e")
The sum runs over the full calorimeter acceptance

Events below 5 GeV are mainly SD type:
— almost no forward energy on the +z side

~ ND+SD+DD 0.9 Te\-

<

CMS Preliminary 2009
—— p+p (0.9 TeV) BSC OR and Vertex
[] Energy scale+10%
e PYTHIA D6T
......... PHOJET

= PYTHIA Non diffractive _:
o '\ PHOJET Nondiffractive ]
Z N \ __
v‘ - SD+DD ND Data
1000 = — —

: -

500 —

0 B T BT -

Y (E+pz) (GeV)

The calorimeter data is used to fit the SD+DD fraction in data
using PYTHIA event shapes. PHOJET was also studied similarly.
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* Counting hits (clusters of pixels)
In the pixel barrel layers
* Cluster length ~ [sinh(n)|
* Shorter clusters are eliminated
(loopers, secondaries)
* Corrections for loopers,
weak decays, secondaries
* Independent result for all 3 layers
* Immune to detector misalignment
* Sensitive to beam background
* Note: our detector is noise-free!
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Cluster Counting Method IIIII
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line shows the cut applied.

pr-reach: down to 30 MeV/c
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Tracklet Method Illil-

* Tracklets: pairs of clusters on

L L A R e e B
different pixel barrel layers - (P) CMS 3
* The An and A correlations between - ® Data09TeV
the 1and 2™ clusters areusedto ~ , | o
separaAte the signal fgom background: g I PYTHIA 2.36 TeV.
n-= r]1'r]2 P = (P1'(P2 E § -- Primaries in MC§
*A side-band in A is used to subtract & B i
combinatorial background c I ]
* Corrections for efficiency, weak =
decays, secondaries. @ 10%F E
* Independent result for all 3 layer pairs.* . ]
* Less sensitive to beam background : -
TN BRI S TR SRR AR
. . 0.2 0.1 Ao 0.1 0.2
M
The An distribution of the
' Tracklets two clusters of the
p.-reach: down to 50 MeV/c tracklets
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Tracking Method Illil-

* Uses all pixel and strip layers.
* Builds particle trajectories iteratively
* Low fake rate achieved with cleaning based on cluster
shapes.
* Primary vertex reconstructed from tracks
— agglomerative vertexing
* Compatibility with beam spot and primary vertex required
* Immune to background
* More sensitive to beam spot position and detector alignment

pr-reach: down to 100 MeV/c

Tracks
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Result: P_distribution at 7 TeV IIIII

gD_ T T T T | T T T T | T T T T | T T T T ]
n o 7TeVpp, NSD cms;
Measured down to 150 MeV 80F T Tealem E
. — arXiv:1005.3299 -
Important: turn-over of the yields T 70f S
(&) =2
. . . > _
Fit with the Tsallis-function: 2 o0 e
:";_ 50 m=1.7
#*Ngy 1 Ed®Ng dN 4, Er\ 7" = g mi=1.5
Fap " Tmprpandpr Ty (Hﬁ) g oY ni=1.3
= |=0.9
Behavior of the function: ° : E:E:
« exponential at low p; ” nl=0.3
i power-law at high pT D: R |DTGT1}|—_‘?‘T—Q—|—¢—O— fh—t ﬁj M|:'D1
0 0.5 1 1.5 2
P, [GeV/c]
<p;> = 545 x5(stat) +15(syst) MeV/c Differential yield of charged hadrons

in the range |n|<2.4 The n bins are
shifted by six units vertically.
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P.-distribution at 7 TeV |||||-

- CMS

* The transverse-momentum o
distribution of charged hadrons 5
was measured up to 6 GeV/c. S

D
O

m 7 TeVpp, NSD
o 2.36 TeV pp, NSD
* Well described by the Tsallis- o 0.9 TeV pp, NSD

function combining a low-p-  10'L — Tsallis fits

exponential with a high-p; tail o -
phenomenologically. £ 102k ]

- With increasing energy, the p,- ; .
spectrum gets “harder” 4 107 E
(as expected) ~ g icred® E
4| First published “5¢ “wa __

E' 107 . distribution .h*é

: N L at 7 TeV -

Measured yield of charged = oL -

hadrons for |n| < 2.4, fit with arXiv:1005.3299>
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Results:

dN,/cn

dN/dn M

| |
CMS

Cross-checked with
B=0 data at 7 TeV

\ (Tracklets)!

First published
dN/dn distribution at 7 TeV

dN/dn(|n|<0.5) =
5.78 £0.01(stat) £0.23(syst)

Results from 0.9 TeV and 2.36 TeV
are consistent with UA5 and ALICE.

(1.5% difference due to the leptons)

I e * e * o
B . .
| 7 TeV e ® b
[ e e ALy .jlr\_p"* ® o
= ' 'ﬂ I o » e .
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4 LA, 1 Adh
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2_ —
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D | | | | | | arXI\/|10|05329|9
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0

dN_/dn distributions averaged over the cluster counting, tracklet and global track
methods and symmetrized in n. The shaded band represents systematic uncertainties.
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Energy dependence Ill-—
Compared with Models I

D.ESJ. 1 I ||||||| I I | L I 1 LI | j 1 1 ||||||| 1 1 ||||||| 1 I I TTTTl :
- (a) & ISR inel CMS - 7 _—[h]';( UA1 NSD O NAL B.C. inel. CM -
06 % u A1.$‘i.[] - ¥ STARNSD < ISRinel .
L A E735NSD ] 6 - A UABNSD A UAS inel. ]
B B COF NSD . - ®W CDFNSD ¢ PHOBOS inel. .
0.55- o — T %k ALICENSD Y7 ALICE inel. .
- CMS NSD . 50 .
Ty - B @ CMS NSD ]
E - —— Troshin et. al. ] T N i i
‘_:-_. ﬂﬁ R —— PYTHIA ATLAS ] __F - —— E. Levin &t al. .
Q B . . — 4 PYTHIA ATLAS -
Q i PYTHIA DOT . e, N PYTHIA D6T ]
~ 045 PHOJET - 2'5 L ——— PHOJET -
=T N o .
& - ] © 3 n §
047 E 2F -
L a B L -
0.35F ] oY Ll - 0.161 +0.201 Ins n
M —— 0.413 - 0.0171 In 5 + 0.00143 In® s : = 2716 - 0.307 In € + 0.0267 Ins
N ] B 1.54 -0.096 In5+ 0.0155In" 5 ]

0-3-[ | 1 ||||||| 1 1 ||||||| 1 | ||||||| ﬂ-l | | L 111111 | | L 11111l | 1 L 1 1111
10 107 10° 10°* 10 10° 10° 10*

\s [GeV] \Is [GeV]
PHOJET describe <p;> well Most tunes underestimate
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Comparisons with models, MCs IIIII

<P > at 7 TeV dN/dn at 7 TeV

_I|||||||||||ITI|IIII|IIII|IIII|IIII_ _III|||||||||||||||||||II|IIII|IIII_
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dN/dn ratio Illil-

Increase from 0.9 TeV to 7 TeV

* Increase from 0.9to 7 TeV: PYTHIAGPerugiad | m
- PYTHIAG ProQ20 m
(66.1 £1.0(stat) + 4.2(syst))% vTHRGOW .
-PYTHIAG6 D6T n
o ALICE measurement: (INEL ) C PYTHIAG ATLAS MCO08 n
ne C_PYTHIAS .
136 - PHOJET n
(57.610.4(stat.) {5 (syst.))% [ Kaidalov, Poghosyan (QGSM)  m
L Gotsman, Levin, Maor (GLMM) [ |
_—Lavin, Rezaian (Gluon Saturation) |

* Most of the PYTHIA tunes - Likhoded, Luchinsky (Reggon) "

_—Sarkisyan, Sakharov (Energy dissipation) ——

predicted a lower increase in C In( extrapolation -
dN/dr] —Busza |

- HIJING INEL n
[ ALICE INEL,_,,, "

- CMS NSD -

-04 -02 O 0.2 04 06 0.8 1
7.0TeV 0.9TeV
(AN fan[" S )(AN_ fdnf )1
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Summary Illil-

* CMS is an excellent detector for the minimum bias physics
study: (Large coverage, MinBias triggers, low p_reach).

- CMS has published two NSD dN/dn and dN/dp_ papers which

present the results from 0.9, 2.36 and 7.0 TeV.
* Results are checked with PYTHIA tunes and PHOJET.
7 TeV results are checked with B=0 data with tracklet
method.

- The measured NSD dN/dn and <p_> are compared with

predictions (postdictions) from various of phenomenological
models.

* The measured dN/dn is higher than the results from the
commonly used PYTHIA tunes while <p_> is lower than the

predictions.
- Input to the parameter tunning of the color
reconnection and multiple parton interaction.
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Backup slides
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CMS H
)\ Results: energy dependence Illll
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Detector performance [l]j;

* The CMS silicon pixel and strip tracker detectors were used
* Pixels: three 53.3 cm long layers with radii 4.4, 7.3, 10.2 cm
* >97% of all channels were operational, hit efficiency optimized

005__(Ib) T T | T T T | T T T | T IcMISl— [ (Ia}l T T T T T T | T T T T | T ICIMSI |
- ® Data 0.9 TeV . % ® Data 0.9 TeV
C O Data2.36TeV | & ™ O Data2.36 TeV
o 0.04- — PYTHIA0.9TeV | " 0.1~ © € ——PYTHIA0.9 TeV |
9 --- PYTHIA2.36 TeV | r= L ' --- PYTHIA 2.36 TeV
g [ e i
© 0.03 — @
Y— - Y—
o : O
c C
O i h O
= 0.02 5 0.05
© I ©
L i L
0.011 ]
0_ i _ N RS R NS SO B i .. 0 L L
0 20 4? ﬁo ’ 80 20 -10 0 10 20
Angle-corrected cluster charge [ke] 5, [cm]

: The vertex position
The energy loss in the tracker distributions are clean

layers well described by MC Gaussians, with no tails
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dE/dx information in the pixels I||i|-

Silicon pixels Silicon strlps

= LI L N L N B B I B B L B N N B L L B B ,-é-.10 -..,_l,“...I....'........
% ] 0_1 ! Layer1 - 5.9' L - Fit to reference Data i
© E « Data, event selection 1 = Extrapolation 102
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-l I 1 3B M = P sqrt((dE/dx - C)/K)
0 2 | % with K= 2.50 +-0.03

10 : withC= 2.75+-0.04

v
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—e
<
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Cluster charge / 135. p (GeV)

Excellent agreement with simulations
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