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Totem physics
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Totem detectors

Inelastic Telescopes:
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Detectors

Roman Pots
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Totem operation

Several data sets at different conditions to measure wide range and very low-t

E 3* RP approach Lint t range Elastic
(TeV) | (m) (ub~1) (GeV?) events
7 90 4.8-6.50 83 71073 - 0.5 1M

90 100 1.7 0.02 - 0.4 14k

3.5 To 0.07 0.36 - 3 66k

3.5 180 2.3 2-35 10k

8 90 6-90 60 0.01-1 0.6M
1000 30 20 6-107*-0.2 | 0.4M

2.76 11 5-130 0.05-0.6 45k

m, 3¢, 8 TeV

p*=11m, 5-13 ¢, 2.76 TeV

| 1 | I I | | 1 1 1 | | I 1 | I I
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Low B*=0.6m high intensity
runs were taken only to test
the insertion of the pots in
view of future upgrades.
Large pileup cannot be
handled by this setup and a
4D tracks reconstruction is
needed.



S5 Protons in the RP

e proton transport IP5 — RP detectors:

W
'\p‘kk e et _.‘..
IP| ‘
LHC magnet lattice = accelerator optics RP station
e optics
hit position at RP  optical functions  proton kinematics at IP

' ' '

x(RP) = (effective length Ly) - (scattering angle #)
+ (magnification vy) - (vertex x*)

+ (dispersion Dy) - (rel. momentum loss ¢ = %)

e example: elastic sample seen with 3 different optics:

:é: 50 L— 50 T 50’. T l5'=2m
: 3 = optics knowledge essential
| | : | M
_ . TOTEM can improve optics accuracy

x (mm)
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E%“ Elastic scattering at 7 TeV

B* | RP approach t| range el. events status
90m | 4.8t06.50 | 0.005 to 0.4 GeV? 1M [EPL 101 (2013) 2100]
3.5m 10 0.4 to 2.5 GeV? 66 k [EPL 95 (2011) 41001]
3.5m 18 0 ~ 2 to 3.5 GeV? 10 k anal. advanced
~ 103 e prympe
> 2 T =um
Q 101 B*=35m,RPsat7 o
2 10 B B =35mRPsatl8c
= 100 —— statistical unc.
B 101 |  systematic unc.
&)
T 1072
1073
1074
10~
10—7lllllllIllllllIllllllllllllllllllllllll
0 0.5 1 1.5 2 2.5 3 3.5 4
It (GeV?)
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& Elastic scattering at 8 TeV

B* RP approach |t| range el. events status

1000m | 3o0rl0c |0.0006t00.2Gev2| 352k | publ. in prep.
90m | 6to9.50 | 0.01t00.3GevZ | 0.68M |[PRL111 (2013)]

90 m 9.50 0.02 to 1.4 GeV? 7.2M | anal. advanced

?5\ full |t|-range g low-|t| detail

= A B*=1000m = B* =1000 m

) v B* =90 m, low statistics & v B*=90m

3 —+— stat. @ syst. uncert. 35 103 _‘ —+— stat. @ syst. uncert.

= B B* =90 m, high statistics = -

© o - *
I e,
- : WWHWMM

1 1 1 1 1 1 1 1 1 1 I 1
0 0.3 0.6 0.9 1.2 1.5 0 0.01 0.02
| (Gev?) | (Gev?)

e dip well visible in the combined * = 90 m data
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Cross Section

3 complementary methods:

\SAel t=0

elastic observables only:

o _ 16w 1 dNy
t°t_1+Q2E dt

0

Otot

devendent / \ luminosity-independent:
o-independent:

_ 167 dNel/dt|0
1+ 92 Nej + Nipel

1 Otot
Otot = Z (Nel + Ninel) °

r_ 14 0* (Net + Nine1)®
16w dN,/dt|

Ng fromRPs N, fromT2  £fromCMS  p from COMPETE or TOTEM
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Vs=7TeV

elastic observables only:

_16m 1 dNy
tT 1402 £ dt

Otot = (986 - 23) mb

0

Otot

TN

o-independent: luminosity-independent:
167 dNel/dtl()

1
Otot = Z (Nel + Ninel)
Ctot = (991 + 44) mb

Otot =
1+ 02 Ng + Nipel

Giot = (98.1 &+ 2.4) mb

Cross Section

Vs =8TeV
elastic observables only:
_ 16 1 dNg
ot = 1402 £ dt |,
/O'tot\
o-independent: luminosity-independent:

167 dNel/dtl()
1+ 02 Ng + Nipel
Oiot = (101.7 £ 2.9) mb

1
Otot = 1 (Ng1 + Ninel) Otot =

e CMS luminosity unavailable

e L from luminosity-independent method
= normalisation of do/dt both at g* = 90 and
1000 m
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Cross Section
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ATLAS [~
CMS [~

elastic only (Oct) -
o-independent |-

elastic only (Jun) |-
Lint-independent |~

S[

e analysis at /s = 2.76 TeV: all three methods planned

o elastic analysis: ongoing
o inelastic analysis: almost finished
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E%“ Coulomb Hadronic interference

do/dt o« [F¢*N|2 = Coulomb + “Interference” + Hadronic

l l

from theory Modulus constrained by measurement ~exp[B(t)]
B(t) described by n>1 parameters

Key elements considered:

- number of parameters to describe B(t) ‘g A data fit at /s = 8 TeV

- description of interference term: from ,simplifi_e:'d G 103 TOTEM data

West-Yennie formula to general Kundrat-Lokajicek =

formula £ I Coulomb standalone

- v, phase of the hadronic amplitude hadronic standalone

(not constrained by measurements): central or § i Coulomb and hadronic combined

peripheral 5 i \ i
=) p=1/tan(yl) N

L
Rae
Example: %2 fit with Kundrat-Lokajicek formula i * } * H

B(t) ~ bO +b 1t +_ b 2t2 Coulomb-hadronic interference }
Central hadronic phase NPT EETEE S R B

All errors included 0 0.005 0.01 0.015 0.02
[t (GeV?)
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0 measurement

Elastic pp scattering : p measurement

0.2 T T

— REH :
—_— %PHO 0.1-_ ....................... + .....................................................

ol
Method: 9 fit i
KL formula C 1 1 .
B(t) parameters: 2 3 2
Phase: central central periph. periph.

>
p=0.104+0.027(stat) + 0.010(syst) Fope " %

— 106 T T T T
E
%2 104
= -+
102 Cor 101.7 £ 2.9 mb
Measured by TOTEM
(CERN-PH-EP-2012-354)

100

98 | | | 1
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0 measurement

0 0.2 . T T T T T T T T T - COMPETE.prefemdmodel B T l T ]
- ] and band from all models
015 _—;""i"" - w3 -
E | L7 _ TOTEM: red = fit
0.1F T MRV W— - -] uncertainty, cyan = band | |
- *}Y’ 1 from varying peripheral i i i i
0.05 F | 7 phase_TOTEMmcan: i Popcd b o181
T 3 3 0 = 0.104 £ 0.027549 2 0,010 1{5E (mode
p — oF : model: Blocketal. - - | . | . 1 0 10 x4
—0.05 S ..... 3 model: Bourrely et al. - -
- : :
—v— pp (PDG) 2
o y - X -
o1 & pp (PDG) model: Petrov et al. (3P) : : ; : D
- - - - COMPETE preferred-model pp fit model: Petrov etal. (2P) |- - : : H x -
~0.15 “|—O— TOTEM indirect at /s = 7 TeV i i i i P
—&— TOTEM direct at /5 = 8 TeV model: Islam et al. | details at \/5 = 8 TeV -
_02 ! 1 l 1 l 'S l 1
10! 102 10° 0% 0 002 004 006 008 01 012 014 0.16
Vs (GeV) @
T l L] l 1] |
previous measurement i i i i
(B* = 90m) - = : — : j R
[PRL 111 (2013) 012001] i i i i
—
this analysis : 1
(8" = 1000 m) | -
H i i i H i i
98 100 102 104 106
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2 t distribution characteristics

diagonals combined
fits with stat.:
' Ny=1
~===Np=2
Ny,=3
fits with stat. and syst.:
Ny=1
Ny=2
Ny=3
+ data

=
.
&
.
.
.
.
.
.
.
.
.
.
.
_
.

ref

ref = 5259 ¢ 19511

do fdf — ref

DS2

| diagonals combined
fits with stat.:
- -~ -Ny=1
-===Ny=2
N, =3
fits with stat. and syst.:
’b =1
Iy =2
Iy =3
4+ data

ref

ref = 519,5¢ 1938

dofdt— ref

DS54

Non exponential behavior
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2 t distribution characteristics

Fits up to 0.195 GeV?

LN\ /. Ds4 L N £

chi*2 metiparametdchi*2 [ndf {chi*2/ndp-value |gaussidA A uncfsi tot \si’

1/138,7| 28] 5,00 1,30E-16| 7,75 /
stat only, 2| 22,2| 27| 0,80 17,30E-1| 0,35|529,1 1, 100,8

3| 18,6/ 26/ 0,70 §8,50E-1| 0,18]532,6| 2,1 101,1

11 83,2 2 3,00 [2,20E-7| 5,18
stat+syst 27215 27| 0,80] /7,60E-1] 0,30| 528,8] 20,9] 100,7

3|/ 18,2| 26| 0,70|/ 8,70E-1] 0,16] 533,4] 21,0} 101,2)

N N

Fits up to 0.065 GeV?
/[ / _\_Ds4 L N\ [

chi*2 metiparametdchi*2 |ndf [chi*2/ndp-value  |gaussidA A unc(si tot

11\ 6,71 9| 0,70 \ 0,67 0,43]|528,9 —1,2 100,8
stat only

1 | 6,7 0,70 0,67 0,43]|528,9| 21, 100,8
stat+syst / \ /
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‘%“ Inelastic Studies

» Charged particle density (3<n<7)

* Cross Sections
— Single diffraction (ongoing)
— Double diffraction (Phys. Rev. Lett. 111 (2013) 262001)
— Central diffraction (ongoing)

+ Totem CMS diffractive studies
— CD Dijet production (ongoing)
— Low mass resonances (st mm pp -.... )(ongoing)
— Missing mass (ongoing)
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T%“ Charged Particle Distribution

8

g POOIN
T B e~

dN/dn

7

lllllllll

| . PB0in:

EPOS, P_>0 in 3.9<n<4.7 or -7<n<-6
Py8-4C, P >0 in 3.9<n<4.7 or -7<n<-6
EPOS, P_30 in 5.3<|n|<6.5
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35 4 45 5 55 6 65

This data tacking and analysis has been performed
with the CMS detector with the T2 min bias trigger.
The full n range will be released soon
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T2 detector only

From 5.3<n<6.5 data taken
in normal beam condition

¥

From 3.9<n<4.7 and n=7
(not blessed) taken with
the interaction vertex
displaced by 11m from
nominal position.

R —<



0.5

Proton & CD mass acceptance
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10'°E ‘ low B*
r

. <> depends on actual RP approach

10" POPEPS 1 OV LRI U] PRI AGPNPS) EPPUPS PO (DEPTPL( L PRI
QO 200 400 600 800 1000 1200 1400 1600 1800 2000
M{GeV)

102 Log(-t[GeV?))

3* [m] a(0%) [prad] | o(©]) [urad] | o(t) [GeVZ] | o(®*) [rad] a(€) a(M) [GeV]
90 (no vix.) 17 2.3 0.22/27%7 | 0.075/ P | 0.003 = 0.006 10 < 200

90 (w. vtx.) 5 2.3 0.13[¢]°7 | 0.026//]t] 0.0012 10 <+ 100
0.55 32 + 35 30 0.45\/11] | 0.23/,/]] | 0.001 = 0.007 | (0.025 = 0.03) M
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Central diffraction: TOTEM + CMS

. Rapidity Gap ® sz =E, k.8 An&; ‘ CUtSI
An=-In &, o . Vertex < 1

. RP near edge area removed
Demo: common run July 2012 with u ~ 0.05 n (background suppression)

Dijet (diproton) triggered sample: 40 nb~' (1 nb 1) ztt??,zp Lﬁ;?‘::sooﬁg:ﬁiy

. FSC empty (suppress background)

Categories of events :
+ Forward and central consistent (within resolution)
M.,s(Particle Flow) = M, j.c.(PP)

Pcus(Particle Flow) = prorem(PP) — Few candidates in dijet sample; none exclusive!

+ Missing “objects” in central
M.,.s(Particle Flow + missing momentum) < M. .c..(PP)

> particles violating &-predicted gaps An, , — No candidates in dijet sample

> escaping-mass candidates
Additional particles NOT observed in forward

detectors where allowed by &-predicted gaps — Few candidates with AM > 400 GeV

Additional particles NOT observed in forward
detectors forbidden by &-predicted gaps — No candidates
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D

CMS + TOTEM 90m T
Run/Event 198903/3478279
Jets ;= 66.45,27 GeV

o .
W) = 244 GeV: M(CMIS) = 219 GeV
30:(CMS) = 34 G

FSC empty both sides \q\7
A4

M(pp) = 244 GeV =~ =
M (ce ntral ) ik Egz??;oa N0BRST - A\ ;
%1 = 0-1 §2= 0.01

>

S a%%,;(\\\

2
DS

e

() P
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Conclusions

Totem experiment has performed a detailed analysis of the elastic
scattered protons at 8 TeV with different optics.

This has allowed to explore the Coulomb Hadronic interference
region for very low t=0.001.

Due to the large statistics of of stored data with the optic at *=90m
we are able to explore the t distribution from 0.02 GeV?<t<0.02
GeV? behavior with high precision.

Thanks to the data taken with $*=90m together with the CMS
detector we started a full analysis of diffractive channels with the
largest ) acceptance and direct proton tagging.

We are currently upgrading the detectors in the pots, together with
CMS, to have a 4D (position and time) tracks reconstruction to cope
with large pileup for the future LHC runs. The detectors will cover
with both vertical and horizontal pots all the possible optics that LHC
will deliver with special runs and standard low § runs.
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