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Introduction

In order to measure precisely collision properties (cross
sections, multiplicity distributions, particle contents,
topologies, etc.) and confront them with theories, it is
necessary to know as precisely as possible the detector
response to particles emitted in the collisions.

In turn, to determine more precisely the detector response, a
better knowledge of collision properties is needed. It is an
iterative process.

pp collisions at LHC are probably among the best scrutinized
collisions ever (7 detectors, many more physicists ...)

Measuring properties of pp collisions is an important part of
the ALICE scientific program. Diffraction is a significant part
of this programme.
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A practical experimental issue

* Non-Single Diffractive (NSD) and Inelastic (INEL) event classes are
traditionally used to compare data between experiments. Diffraction
corrections are the largest contribution to the systematic uncertainty.

Uncertainty dN. /dn analysis P(N.) anslysis

0.9 TaV 2.36 TeV 0.9 TeV 2.36 TaV
Tracklet salection cuts negl. negl. negl. negl.
Material budget negl. negl. negl. negl.
Misalignment negl. negl. negl. negl.
Particle composition 05-1.0% 05-1.0% included in detector efficiency

Transversae-momentum spectrum 0.5% 0.5% included in detector efficiency

28% 21% 24-0% (0-10) 12-0% (0-10) NSD Tnggers select
Event-generator dependenca (INEL)  +1.7% +5.9% 8-0% (0-5) 25-0% (0-10) )
Event-generator dependenca (NSD)  —05% 4+2.6% 2-5-1% (0-10-40) 32-8-2% (0-10-40) am |Xt ure
Clency T.5% T5% TAI5 0% (00 ;
SPD triggering efficiency negl. negl. negl. negl.
VZERO triggering efficiency (INEL) negl. n/a negl. n/a
VZERO triggering efficiency (NSD) 0.5% n/a 1% n/a
Background events negl. negl. negl. negl.
Total (INEL) sk :§;§ %  9-4-15% (0-20-40)  25-0-9% (0-10-40)
Total (NSD) Tia%  Toi%  245-15% (0-10-40) 32-8-9% (0-10-40)
‘5:57“”“‘ ! ‘7_g—\“‘\““““\““\—
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Improving multiplicity algorithms

e 4 different ways of measuring multiplicity in the
ALICE “central” pseudorapidity region (|n|< 1.8)

SPD layer SPD tracklets ITS ITS+TPC

, _ , + complements + complements
Technical tests Historical
Used in ALICE multiplicity analysis
“

Use the complementarity of ALICE detectors in the central barrel
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Observed

Response matrix improvement

Response for SPD tracklets method
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PID in Single-arm Detectors

Making usef PID
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Identified particle spectra
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Tuning MC

Many more aspects of collisions
are measured, many other particle
productions (see for instance
Angela Badala’s talk for low-mass
vector mesons), event topologies, 15l
etc., which are not reproduced by 1

Example of PYTHIA6-Perugia0

TT T T[T T ET]
AN
I+

current models.

Simulation = detector simulation
+ alignment + transport (material budget) p; (GeV/c)
+ calibration

However, to obtain an accurate detector response to pp collisions requires
also adjusting MC simulations to all measured properties, including the
different processes involved in non-elastic pp collisions:

— Non-diffractive collisions
— Single-Diffractive collisions
— Double-Diffractive collisions ?



Simulation of Single Diffraction

* Experimental definition of diffraction: a process with

y‘<

large rapidity gaps, either Reggeon or Pomeron exchange A dN
(separation between them is model dependent, we leave it to D dy
uncertainty on the diffracted mass (M,) distribution (detector ‘
acceptance) and on the relative rate of the process, not known

dominated by triple-Reggeon diagram (R can be a Pomeron or

secondary Reggeon)

S
theorists) — SD: M,< 200 GeV; DD: An >3
* Main source of systematics in diffraction studies is from the ”| M’egap
at a new energy -
* In Regge pole approximation, the SD cross-section (do/dM,) is DD Adn
dy
— (PP)P term proportional to 1/(M,)!*22 _ N _)gap
— (PP)R term proportional to 1/(M,)2+ 2= O DIV “Hﬂ”
— PYTHIA6 and PHOJET: ~ 1/M,, (PP)P term with A=0) _

— UA4 and CDF =» M, dist. steeper than 1/M,

— Current models also have M, dist. steeper than 1/M,

— PYTHIA8 (BG): My ~ 1/M, or 1/(M,)1+2

— Today there are much more advanced models, we chose

Kaidalov/Poghosyan? as a guide, we could have chosen the KMR or
GLM models).

1 A.B. Kaidalov and M.G. Poghosyan, ArXiv:0909.5156 [hep-ph], »
Eur. Phys. J. C67 (2010) 397
arXiv:1109.3697v1 [hep-ph] for cross-section predictions (o,,, = 96.4 mb@ 7TeV )
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Modeling SD mass dlstrlbutlons

How do we account for diffracted
masses (M, ) outside the detector
acceptance?

_ — Donnachie-Landshoff

X — Streng-Berger
= r —— Ingelman-Bruni
§ ] A —— Schuler-Sjostrand

10
©

10 Mass distributions

. vM inPYTHIA8 @ 0.9 TeV
107 3

10 55040 60 80 100120 140 160 180 200
M, GeV/c?
The systematic uncertainty estimated by ALICE
was obtained from the Kaidalov-Poghosyan (KP)
model with a £ 50% variation (grey area) and the
Donnachie-Landshoff model, resulting into

an asymmetric systematic error
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Edges of

Measuring SD & DD in ALIC detector

acceptance

e Within the SPD acceptance (|n| <2) +

VO (-3.7<n<-1.7and 2.8 <n<5.1) + avoL A VDR
FMD (-3.4<n<-1.7and 1.7<n<5.1) VoL SPD Vo
(8.8 units of pseudorapidity) study :7'-7; —_—
pseudorapidity distributions of “gaps” : gap :
on an event per event basis vodi i (An) dz
|| | | | |
» ALICE gaps # ATLAS & CMS gaps ! ! ‘>
-3.7 -1 0 1 5.1
Classification of events into 1-arm or 2-arm offline “triggers”
Example of R-side SD topology Example of DD topology
dN dN
dv d
a1 G S AT
s | : ] i
3.7 0 g 3.7 0 v
-J. nA 5.1 -2. 1']1 1’]2 5.1
1-arm trigger event 2-arm trigger event

Muon spectrometer side 12



ALICE sensitivity to SD and DD

Varying SD and DD rates at generator level

2-arm triggers

% ALICE work in progress
107 ¢ Sensitivity to DD
N ALICE
§ 10 3 N WU | o
o i
o L ERRTLTERS NN
104 ¢ data R -
: PYTHIA L
I PYTHIA no DD i
10-5 . —— PHOJET :
E e PHOJETnoDD : . |
10°

0 05 1 15 2 25 3 35 4 45 5

"
(Half the gap width) W

One-Arm/MB

1-arm triggers

S
< | PYTHIA v
004
§ - eSignal
~ - vTRef.
S 03
N
g, ALICE
Sensitivity to SD
0.1 ALICE work in progress
01 02 03 04
"weight from MC primaries (%)
S T
S, PHOIET A
co L .
§ 3 eSignal
] vTRef.
=
S 0 / %
5 |
3
%) 02 HLICE
: / Sensitivity to SD
0.1;
/ALICEwcrkin progress

0

\0‘]\ 1 1 \0.2\ 1 1 \0.3\ 1 1 \0'4\ 1 1
weight from MC primaries (%)

Gap width distribution and relative rates of One-Arm triggers are sensitive to SD and DD



Uncorrected data vs Simulation (7 Tev) SPD+VO+FMD

2-arm triggers

edge of left-side 1-arm trigger event

- >0.18 N
:'?0'25— . pp at\'s =7 TeV _016: pp at\'s =7 TeV
8 161
S 02 :> ® .14 -
Q 0.2 | N - L N B | : '\
o L E h 012
Q. - B
0.15 - Performance 0.1 Performance
- 16/05/2011 0 - 16/05/2011
i . 0.08 |-
01l e data 2-arm trigger event - edata
i —PHOJET F— °
0.05 A SPD+VO+FMD acc. 0.04 |-
: — 002 n

) | —— L L . P I R (L b b b
C
1 center of gap
>

edge of right-side 1-arm trigger event

—

0.2 . > E
_..? g pp at\'s = 7 TeV L-s1de l-arm trigger event = =1 pp atN's =7 TeV
= 018 = S -
Q0 5 % al o data
8% | Q10 - o —PYTHIA
0014 s A SPD+VO+FMD acc. ° I —PHOJET
S, .- o .l
012" performance 107 ¢
0.1[ 16/05/2011 .
0.08 ; o data Edge - 10° 3 2
- —PYTHIA F &
0.06 — —PHOJET I Performance
r qo¢ L 16/05/2011
0.02 - R-side l-arm trlgger event r
E -5 I I I R I
T 107, 2 4 6 8 10

An
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Uncorrected data vs Simulation (2.76 TeV) -

2-arm triggers

edge of left-side 1-arm trigger event

0.2 - A SPD+VO0 acc. > 05¢ -
EO 18 E ° pp at\[s =2.76 TeV = 0.45 pp at\'s = 2.76 TeV
301 -
Qo6 . An Q 04p A
o | 2 E o
Oo.14 - W) Qoss - 3 °
Q_ i 0.3 }
0.12 : Performance > : Performance
010 ‘o] 16/05/2011 0 0.25 - 16/05/2011
0.08 - ® | edaa o2 :gﬂsl;;HIA
0.06 - :gﬁg%AT 2-arm trigger event 0.15 - —PHOJET
0.04 [ A SPD+VO0 acc. 0.1 ;— *
0.02]- ﬁ;: 0.05 -
0 : I — T ‘ L1 \ 1 P IR R N RN 0 i : ‘ —— ‘ :
6 4 -2 0 2 4 6 - Edge 6 4 2 0 2 4 ncs
1 center of gap
: : : >
edge of right-side 1-arm trigger event N o
0.2 . . > 1F
= 018 : pp at\'s = 2.76 TeV L-side 1-arm trigger event = £=L pp at\'s =2.76 TeV
o) r % i e data
S o' F == —PYTHIA
Qo4 E A SPD+VO acc. g_ r —PHOJET
So12f 102 &
- Performance E
0.1 16/05/2011 B
0.08 [ @ data :: Edge_ 10° & £ *]
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Uncorrected data vs Simulation (0.9 Tev) SPD+VO+FMD

2-arm triggers

edge of left-side 1-arm trigger event A SPD-VO-FMD acc
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PYTHIA

PHOJET

Efficiency/Inefficiency vs mass for Single Diffraction (7 TeV)

L-side SD R-side SD

0.8 - 08—

0.6 : 0.6

w | Performance w Performance
- pp at\s =7 TeV - pp at\s =7 P,
04 16/05/2011 04— 16/05/20
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/ 1-arm trigger

02 02l
0 [ il | 0 R —
1 100 5 1 10 100 )
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1r 1r
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08| 08
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w | Performance w I Performance
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04— 16/05/2011 04— 16/05/2011
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0_ e o o 0- = ! il et
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2-arm trigger

opposite side 1-arm
trigger

R-side sensitive to smaller
masses because of
asymmetric detector
acceptance

Efficiencies used in the
analysis: mean between
“tuned” PYTHIA and

“tuned” PHOJET



Efficiency/Inefficiency vs mass for Single Diffraction (2.76 TeV)

PYTHIA

PHOJET
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Efficiency/Inefficiency vs mass for Single Diffraction (0.9 TeV)

PYTHIA

PHOJET

L-side SD

0.8
0.6
04

0.2

e

L-side

16/05/2011

Performance
pp at\'s = 900 GeV

10

100
M [GeV/c?]

0.8
0.6
04

0.2
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16/05/2011

Performance
pp at\s = 900 GeV

| 100 _
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R-side SD

0.2

08 -

0.6 —

04—

R-side

Performance
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16/05/2

no trigger

1-arm trigger

2-arm trigger

08 -

0.6 —

Performance
pp at\s = 900 GeV
16/05/2011

- 100
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opposite side 1-arm
trigger

sensitive to smaller
masses at 0.9 TeV
because of kinematics
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Modeling diffraction in MC

 We use the measured width distribution in two-arm triggers to
constrain the contribution of double-diffraction (from above
with PYTHIA from below with PHOIJET), adjusting DD, while at
the same time adjusting the SD fraction to keep the simulated
One Arm to Two-Arm trigger ratio equal to the measured one

; pp at\/s = 7 TeV
e @ data

pp at\s = 900 GeV

@ data

—PHOJET Full line histograms are

l: iy default PYTHIA and PHOJET

_______ —PYTHIA
—o— —PHOJET

probability
C)

®
:

probability
C)

5 o ' “ ” ' P ) S S
10 ALICE e Dotted lines “tuned” versions E ALTCe o
- - Perf
w0t L renamon Rl 104 16/052011 =

MC/data
o000 2o

rooavRO®

rowadh O

MC/data
[=N=X-] -k -

DDfraCtlonS 1 2 3 4 5 é 7‘ t; 9A1o
n
Vs Tuned Tuned PYTHIA | PHOIJET
(TeV) PYTHIA | PHOIJET
At both energies the new DD 0.10 0.11 0.12 0.06

fractions approach a commonvalue 0.09 0.07 0.13 0.05 20



1-arm/MB,

Measurement of 6, / O\

Raw trigger ratios fitted with A(,u) =(e™ -1)/(e" -1) u = collisions per trigger
0.1: R-side ALICE performance 0-1: ALICE performance 0.1: ALICE performance
0.08/= 0.08— R-side 0,08}
r T — ¢ ———elo——— g R-side
0.06— N E 0.06:* g 0.06
oosf- L-side % oosf- L-side o e E ot o
srerer | (@ .
B B . - eV 7tev
- ALICE ‘ 0‘9 Uy - ALICE ‘ ‘ g - ALICE
001 o002 003 o004 0" 77"001 002 003 004 005 _ 006 O e T o0 006 008 o
u u u
R-side/2-arm = 0.0906 + 0.0003 R-side/2-arm = 0.0791 + 0.0004 R-side/2-arm = 0.0680 + 0.00005
L-side/2-arm = 0.0576 + 0.0002 L-side/2-arm = 0.0543 + 0.0004 L-side/2-arm = 0.0458 +0.00004

Relative rates of Single Diffraction obtained from above trigger ratios corrected for efficiencies

left O.lefl O-leﬁ

90 _ 0103 = 0015 Isb _ 0085 = 0.03 =2 = 0101 * o0
Glnel Ulnel O'Inel
O.right O,right 0.04 O_right 0.02
Osp 0111 = 0015 —SD_ - 0112 * 0% =P = 0102 T 3
(02 (02 (02

Inel Inel Inel

Despite different acceptances of the two ALICE sides, results are symmetrical as expected
from the symmetry of the physics process.

(o} O O
—SL. = 0214 = 0030 L = 0197 * U D _ 0202 * 0%
O fnel O Inel Olnel

SD defined for M, < 200 GeV/c? for all energies (separation between SD and ND) 21




Measurement of o, / O\\¢,

) E > > E
= Ng™ - PYTHIANSD | 2 - PYTHIANSD | =2 g - PYTHIA NSD
= 101 & ~-PHOJETNSD | F 19! ~4-PHOJETNSD | ‘Z 191 ¢ ,‘ —~- PHOJET NSD
El : ‘5 PYTHIAND | ' = PYTHIAND | '8 = & % ~ PYTHIA ND
S 102k } 5 ~- PHOJET ND S 102 } ~¢- PHOJET ND S 102 } : ~¢- PHOJET ND
8 | = | = |
10° L } 107 & } 103 L }
: | | : |
10° £ | 104 ¢ | 10° £ |
E \ \ E \
e w0 e
S | S
100 \ 10° & \ 100 \
E | p | ppat(s=2.76 TeV E | p i
107 L 11 | | i \ \ 107 I | | | L i | \ 107 L 11 | | | \ L i \
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
An An An
DD defined as all events with a gap An > 3*
900 GeV 2.76 TeV 7 TeV
o o 4 o 4
DD _().108 =0.03 DD _(). 124 *O DD _() 124 *OMB
O O -0.052 o -0.040
Inel Inel Inel

*In measurements by UA5 and CDF the contribution from secondary Reggeon is subtracted

(large correction which is model dependent), which complicates comparison
22



Checking trigger efficiencies

_ Fit data with a + 0.5(1-a)u

mO
0.86—
=
~
a)
=z - - & Y
0084 ® 0o 70— ¢
= - ALICE performance
0.821 % pp at (s =0.9 TeV
Osf‘HLI‘CE‘ \ ! ! ‘
: 0.01 0.02 0.03 0.04
w
0.9
0.88—
lid
CDO * é___QQ“——
0.86—
=
S~
a)
=z
e 0.84—
= r % ALICE performance
0821~ pp at (s =2.76 TeV
r ALICE
08\\\\\ [ Lo b b
: 0.01 0.02 0.03 0.04 0.05 0.06
u
0.9
0.88—
o
mO
0.86—
=
S~
Ja)
=z
oo 0.84(—
=
ALICE performance
0.821~ ppats=7TeV
[ ALICE
ogl— 1 [
: 0.02 0.04 0.06 0.08 0.1
w

Measurements

v

a =0.8401 £ 0.0004

a =0.8613 £ 0.0006

a =0.87266 £ 0.00007
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Simulation
MB ,\, =0.763 4:8:8(2)3
MB,, =091 0
S 0839 e
OR
MB \p  =0.76 tg:?)g
MB,, =088 *0°
%ND =0.863 0
OR
MB,\, =074 tg:gg
MB,, =085 0
%ND =0.871 +0.007
OR .



Measurement of 6,

* Rate of MB,,p (coincidence between VO-L and VO-R) measured in a van der Meer scan

dN(MB,,,)

dt
AXO g =54.34+19mb

=AXO; XL

* A=MB,,; efficiency obtained as described previously 1} |

ALICE O (7TeV) =73 .24_’3.6 (mod.) = 2.6(lumi.)mb

ATLAS : 69.4 + 2.4 + 6 9extr
CMS

TOTEM: 73.5 + 0.65tt *}2 syst.

Using PYTHIAS8 (DL?) instead of our
tuned MC we obtain:

OneL = 68.5 + 2.5 mb, very close to
CMS and ATLAS numbers

100

80

1 68.0 £ 2.05Yst £ 2 4lumi 4 gextr.

20

N ]()'lt

e (Hz)

-
b A
AL e

Rate (I
-
r

w0 [/ |
-y 1

ALICE

- ALICE performance

N10E

Rate (Hz)

-
~
”
T

._
=
(=
-
-
-
-

10 ALICE

b ,"" ALICE performance

'-o.il 02 0 02 I'o.4 !014 02 0 02 ()‘%4
D, (mm) D, (mm)
® ppALICE
v pp TOTEM
o ppATLAS
A pp CMS ALICE
Y pp
| pp

———— Gotsman et al.
Goulianos

Kaidalov et al.
— - — Ostapchenko
................. Ryskin et al.
1l e Lol
102 10° 10*
(s (GeV) 24




Diffractive cross sections

e Combining the inelastic
cross-sections with the
relative rates of processes
we obtain the SD and DD
cross-sections

* Note that for 0.9 TeV where
we did not perform a vdM

scan, we used
OneL = 52.5 £ 2 mb from UAS

— ALICE result at 900 GeV are
consistent with UAS
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Ogp (MDb)
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ALICE measured inelastic, SD and DD cross sections at 3 energies

Conclusion

Diffraction is a challenging phenomenon, especially for ALICE, which was not optimized
to measure diffraction. However, the knowledge of diffraction is important to model pp
collisions at a new energy, and for this reason a gap analysis was performed.

Vs (TeV) | o4y (mb) Ohe (MD) Osp(M < 200 GeV) Opp(ANn>3)
0.9 52512 11.2+1.6 5715
2.76 47.7£0.3 | 62.824x12 12.2739£0.2 7.8+3.220.2

7 54.34+19 | 7327°x2.6 14.9°4+0.5 9.0£2.6+0.3

Results on diffraction are consistent with UA5 at Vs = 0.9 TeV

Results on the inelastic cross section at 7 TeV are consistent with ATLAS, CMS and TOTEM
atVvs=7TeV

Within our accuracy, we do not observe variations of relative rates of SD and DD with
energy O gp/ O 1,0 = 0.2).

ALICE publication to be submitted to EPJC

SD/Inel

0.213
0.194

0.203
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checks

e ALICE diffraction SD and DD data agree with UAS at
900 GeV (not a trivial check)

e Two sides of detector sensitive to different

¢ = M?/s values, give equal results for SD as they
should

* When changing M, < 200 GeV to M, < 100 GeV or
M, < 50 GeV, data follow nicely the model

* Tuned PYTHIA and PHOJET reproduce extremely
well measured trigger efficiencies at 3 energies



ratio

Preliminary

pp, INEL,\s=7TeV, [n| < 0.8

) | IIIIIIII| |IIIIII|I IIIII|,|,|,| IIIIIII|| IIIII|,|,L| [IIIIIII| IIIII|,|,|,| IIIIIIII| IIIII|,|,|J IIII[I[|,|,|

0.5 |

e ALICE data
— PHOJET
-------- PYTHIA Perugia0
————— PYTHIA Perugia 2011 =
— — PYTHIA 8 C
— _—
e
el
=3 '_I—I_'—‘_'—I_l_l- I
a ALICE data uncertainties
L —— MC / data
1 10

— p; comparison between
models and data not too bad
given that it has to cover 10
orders of magnitudes

— important (together with

particle mix), when converting
rapidity from MC to
pseudorapidity (n)

Pseudorapisity (29



