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The LHCf experiment

+Measure hadronic production cross section of neutral particles emitted In
the very forward region of LHC.

+To afford the data for verifying and improving the hadronic interaction
models.

LHCf Detector(Arm#1)
LHCf and ATLAS are observing vl | ATLAs <
oti“\ g
the particles from the same SN A

L4

collisions, but different position,-

"LHCE Arm1 LHCf Arm2

LHCf detectors are sensitive to the soft processes




4Calorimeter performance

Arm2 detector
Position sensor:
4 XY silicon strip
detectors

Arm1 detector

\ Position sensor:

20mm 4XY GSO-bar hodoscope +
n MAPMT

-+ Two imaging sampling shower calorimeters

+ 44r.l. tungsten, 16 layers of GSO scintillators and 4 position
sensitive layers

-+ The n coverage of the calorimeter: Inl>8.4

Performance .
Energy resolution:(>100GeV) Position resolution:
<5% for photons <200um for photons
. 40% for neutrons <imm for neutrons




The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
\ |

/
/
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Inner detector: |n[<2.5

» Silicon pixel detector

» Silicon microstrip detector (SCT)
* Transition radiation detector (TRT)

/ | \
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Performance of Inner detector

Detection efficiency of charged pions:

* 20-60% at Pt = 100 MeV and
depending on n

e ~90% at Pr> 400 MeV




Motivation of diffraction measurement

+ Measurement of forward neutral energy spectra is important for
verifying and improving the hadronic interaction models (widely used to

simulate the cosmic-ray air showers).
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+ Discrepancies between data and model predictions for the forward photon

spectra in pp Vs = 13 TeV collisions.
+ The excess of PYTHIA8 at E>3TeV due to over contribution from diff. processes.
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Diffractive mass distribution
P' T &= (Myls )2 ~ e
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Eur. Phys. J. C77:212(2017)
% Large discrepancy exists between models, especially, at low mass.

% Approaches to the diffraction treatment, implemented in the models
are different, data is essential to constrain the parameters. 7



Trigger efficiency (only for SD)
Trigger condition of LHCf
Photon: Ey > 200GeV
Neutron: En > 500GeV
ATLAS
Pass MBTS hit selection
Nhit>2

+ LHCf and ATLAS cover different
diffractive mass range,

+ Rapidity gap measured by ATLAS
allows to distinguish the low mass

diffractive contributions.

Detector acceptance

ATLAS-CONF-2015- 038
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Diffraction identification by ATLAS-veto

+ Rapidity gap measured by
ATLAS to distinguish the
events triggered by LHCf to
diff.-like and non-diff.-like

LHCf triggered events

Ntrack

Ntrack =0

\4

A
Lqg Ve,
O

Inl<2.5&P1>100MeV
Number of tracks

Ntrack = 0

Diffraction-like

Non-diff.-like




Performance of ATLAS-veto selection

>

@ EPOS-LHC -p, \s =13 TeV
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(2Events selected by
ATLAS-veto

- (3)Diffractive events

identified by ATLAS-veto

. @ &3 are

mostly consistent

_/

4Non-diff. events
mis-identified by
ATLAS-veto (2-Q)

ATLAS-veto enable diffraction selection with high purity
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Performance of ATLAS-veto selection

Purity Efficiency

‘. I +Incident positions of photons on the LHC-

; Arm1 calorimeter towers (region A and B)
were reconstructed for the analyses.
. A n > 10.94 and Ad=180°

= . B: 8.99 >1n >8.81 and Ap=20°
+ Photon energy larger than 200 GeV.

I M Eur. Phys. J. C77:212(2017)
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ATLAS-veto enable diffraction selection with high purity
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Low mass diffraction

Eur. Phys. J. C77:212(2017)
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< The inefficiency parts of ATLAS-veto are non-diff. and high
mass diff..
< ATLAS-LHCIf can access the low mass diffraction region, with

high detection efficiency, experimentally. .



Data used for ATLAS-LHCf joint analysis

l

ey
hardware
signals

Final trigger —
o Hb Beam condition
(DATA record) : Y B*=19m
: Inal trigger |.l=0.01~0.03
, (DATA record)

+ Common data acquisition with low luminosity configuration
(3-5x1028 cm? s°1).

+ Data taken at 22:32 - 1:30 (CEST) on June 12-13, 2015 during
pp collisions at Vs = 13 TeV

+ Data used for this analysis corresponding to 0.191 nb-
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*

Supplement: Ni.cks distributions

The contribution of non-diff. events at Nwack = O Is less than 2%.

Most of the 2% are contamination of this analysis form non-zero charged
particle events due to inefficiency of the track detection.

20% contribution of Niacks = O in data while 5-20% predicted by models.
SIBYLL2.3 and QGSJET-II-04 predict very small contribution of DD process
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Analysis method

+ Photon spectra for two samples: w/o selection on

ATLAS tracks , and w/ ATLAS-veto —
selection Nurk=o0( E) ?@
+ Unfold the photon spectra for all inclusive events N wirke0
‘ALL(E) = CMHa(E) CPPan(E) X (1 - Rokg,1)

+ Unfold the photon spectra with at least ONE reconstructed track
in InDet.

N’ch>0(E) = CK(E) CMPis0(E) CP'P trik>0(E) Nwsirk=0(E) X (1 - Rbkg,2)

CFID, CPPyi>0 : PID correction factor
CMH,;, CMHy.-0: Multi-hit rejection correction factor (MC base)
CTrack; Correction factor of ATLAS inner track detection (MC base)

+ Calculate the photon spectra with no charged particle at Inl<2.5
N’ch=0(E) = N'aLL(E) - N'eh>0(E)

15



Results: Photon spectra

1000 2000 3000

".__|1O_5EI L T T 1 T T 1 | T T 1 | T T 1 | [ IE ".__|1O_5
> ATLAS-LHCT Preliminary - >
O, /s =13 TeV, 0.191 nb” i O,
> >
w 10 1>10.94, A9=180° - w 1076
e - o
S~ ] S~
> . >
Z 3 Z
© _ ©
© ©
407 — — 4107
=z 10 - : 3 prd 10
S~ - ¢ b AR 1 S~
~— I Sy ] ~—
: . \*\\\t/// __________________ :
. r\bg#
10° RSN 77/ i — 10°°
- ! |22 -
- RRRNNTICR N FECEES D =
B 1 1
[ —@— DataLHCt-Arm1, arXiv:1703.07678 | )
_g| —#— DaiaN,=0, ATLAS-CONF-2017-075 r;%;‘%;é ee e sen 9
10 ;—|:| Syst. + Stat. Unc. LHGH-Arm1 A ‘} ///// - 10
- Syst. + Stat. Unc. Nch=0 222%2_ _ _ _ _ :
- . e iy
| —— EPOS-LHC =:=:= EPOS-LHC N_ =0
10710 |~~~ QGSUET-Il-04 === QGSJET-1-04 N =0 10710
-~ SIBYLL2.3 =:=:= SIBYLL2.3 N =0 /%/////
— — PYTHIA8212DL ===~ PYTHIA8212DL N, =0 //////
55
- %22222?/
Al b v b b (($ 411585545, —11
10 10

4000 5000 6000

Photon Energy [GeV]

ATLAS-CONF-2017-075

ATLAS-LHCf Preliminary
s =13 TeV, 0.191 nb™
8.81<n<8.99, Ap=20°

—@— Data LHCf-Arm1, arXiv:1703.07678
—#— Data N_=0, ATLAS-CONF-2017-075

[ ] Syst +Stat. Unc. LHCf-Arm1
Syst. + Stat. Unc. N =0

R,
e C
N 1
e & GO
AN |
A== EN e
\\\%ﬁi\&\ S § j
N RN
AN [ N
SAe:-. N \
o H \
1 IIIIII|

/////

= SIBYLL2.3
PYTHIA8212DL

*= EPOS-LHC N_=0
% QGSJET-1I-04 N_ =0
- SIBYLL2.3 N, =0
----- PYTHIA8212DL N, =0

||||||||||||||||||E%A%4//%/§-a%k\i-

1000 2000 3000 4000 5000 6000
Photon Energy [GeV]

+ Comparison between data w/ Nch = 0 and model predictions
show a good agreement with data.
IS a good agreement at the region of 8.81 <n

>

< 8.99.
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Results: Spectra ratios N'.;_o(E) / N’4;(E)
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+ At n>10.94, the ratio of data increased from 0.15 to 0.4 with
increasing of the photon energy up to 4TeV.

predicts higher fraction at higher energies.

+ SIBYLL2.3 show small fraction compare with data at n>10.94.

+ At 8.81 <n < 8.99, the ratio of data keep almost constant as 0.17.

show good agreement with data
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Cross section of double diffraction (MC)
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% ATLAS-LHCf can access the low mass double diff. region,

with high detection efficiency, experimentally. .



Double diff. identification by MBTS

LHCf triggered
events @ Armf

nl<2.5&Pr>100MeV
Number of tracks Nirac

Diffraction-like

l

-2.08<n<-3.86
Number of hit Nhit

+ Opposite MBTS hits can be
used to distinguish the diff.-
like events to single-diff.- Nhit = O lNhit x0

v

\4

like and double-dift.-like. [gingle-giff -like| [Double-diff.-like| [Non-diff -like
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Summary

4+ Diffraction is one of the poor constraint parts of the hadronic
interaction models -> ATLAS-LHCT joint analysis.

4+ The efficiency and purity of diffractive event identification by
ATLAS-LHCT joint analysis were estimated.

4+ ATLAS-veto can select the low mass diffraction.

4+ The diffractive contribution to the forward photon spectra were
measured by ATLAS-LHCT joint analysis for the first time.

4+ EPOS-LHC show a good agreement with data on both spectra
and ratio results.

4+ MBTS can identify low mass diff. to single-diff and double-diff.
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