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® Neutrino DIS
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Neutrino DIS
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Kinematics of DI

(single exchange boson approximation)

1 I
Deep: Q*> M?~1 GeV’

Inelastic: W2 >> M?

. X

W?=({p+q)°=M+Q/x—Q°

o ) =—¢*=—(1—1)*> 0, the square of the momentum transfer,

e v=p q/M = E —Ey

e 0<z=0Q*/(2p-q) = Q*/(2Mv) < 1, the (dimensionless) Bjorken scaling variable,

e 0<y=p-q/p-l 2b (B, — Ep)/E; < 1, the inelasticity parameter,
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Cross section

do o< L, WH”

Leptonic tensor

calculable in pert. theory

L

wt  Hadronic tensor

not calculabe in pert. theory
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Hadronic tensor

All possible tensors using momenta p and q:
Juv s PuPv qudv , Pudv =+ Pvdqy

E,prappqg y p,uqv o qu,LL y

Most general form in terms of structure functions:

TN Y b U
W (p,q) = —g"™' Wy + L Mp2 W, —zgwwzj\ffg Wi A qu2 W,
Ba¥ 4+ pY gt BV oV gl
iquzpq W5|qu2pq W .

Modern notation:

2 2
{Fh FQ; FS} — {W17 Q W2 Q WS)}

QoeM?2 T M2
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Hadronic tensor

All possible tensors using momenta p and q:
Juv s PuPv 4udv, Pudv =+ Pvdqy

E,prappqg y p,uqv o pug,u y

Most general form in terms of structure functions:
1Y 1Y p'upl/ . 1Y o'p QO' | q/qul/
W# (Pa Cl) = —g"" Wi A IVE Wy — 1e™? ]\pp W3 iVE Wiy
BV -+ p¥ gt BV Vgl
IPCI qu5|pq qug.
M? M?

Modern notation:

2 2
{Fh FQ; FS} — {W17 Q W2 Q WS)}

QoeM?2 T M2
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Hadronic tensor

All possible tensors using momenta p and q:
Juv s PuPv 4udv, Pudv =+ Pvdqy

E,prappqg y p,uqv o pug,u y

Most general form in terms of structure functions: doyy, o< m;

1Y 1Y p'upl/ . 1Y o'p QO' q/qul/
W'LL (p7Q):_gM Wl I M2 WQ_ZE:ILLIO ]\22 W3 H MZ‘/VZ

¢ +piety, P D"
| M2 ‘XG | M2 ’

. dow. o m? doyy. = 0
Modern notation: Ws l We

Q° Q’
{Fh FQ; FS} — {W17 QI'MQWQ’ ZIZ’MQWS’}
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Hadronic tensor

All possible tensors using momenta p and q:
Juv s PuPv 4udv, Pudv =+ Pvdqy

E,prappqg y p,uqv o pug,u y

Most general form in terms of structure functions:

TN Y b U
W (p,q) = —g"™' Wy + L Mp2 W, —zgwwzj\ffg Wi A qu2 W,
Ba¥ 4+ pY gt BV oV gl
iqugpq W5Iqu2pq W .

Modern notation:

2 2
{F17 FQ) FS} — {Wh Q W2 Q WS)}

QoeM?2 T M2
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CC v+-DIS

Albright, Jarlskog’75
Paschos,Yu’98

Y K , Reno’02
d20.1/(1/) G%MNE,/ {( , mgy - retzer, Reno

Albright-Jarlskog relations:
(derived at LO, extended by Kretzer, Reno)

valid at LO [O(a?)], My =0
F4 — O (even for m, # 0) )

Fo

2 F valid at all orders in ag,
m 5 fOIMN:()jmq:O

Full NLO expressions (My # 0, m. # 0): Kretzer, Reno’02
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Hadronic tensor

Optical theorem: W, o< lmi,,

x Im

T = i / d'z &9 (N|T(J ()], (0)]| V)




Hadronic tensor

Two approaches (both factorize short and long distances):

| . Parton Model:

| I
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Hadronic tensor

Two approaches (both factorize short and long distances):

| . Parton Model:

k'
1 1, . /

-

Z
<
o i é\ g=k~-¥F
‘3
<
/

lepton
o~
q \
ﬁ P s
proton } \
> X

L A

Partonic tensor:
calculable, not IR safe
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Hadronic tensor

Two approaches (both factorize short and long distances):

| . Parton Model:

k'
1 1' k //

e

>

I

o

-~ e~

i

~

=
-
B

Partonic tensor:
calculable, not IR safe

Parton distribution:
still not calculable,
but universal
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Higher order coefficient functions

Reference Boson SE's Order Coeflicients Scheme Comments
BBDM'78 [18] NC,CCE F,, Fi, F3 ol Cs MS Cil(x) = C5Y (2)
AEM’78 [70] NC,CCi FQ Oé}g OQ M—S —
FP’82 [62] NC,CC* Fy ok C, MS —
GMMPS91 [71] NC,CC* Fr, o Crq(z), Cpe(x)  MS C'.4 corrected in [72]

NZ’91 [73] NC,CC* Fy o’ Co.q(2) MS first calc.

ZN'91 [72] NC,CCT  Fy, Fp ag  Cyy(x),CLy(z) MS first calc.

ZN'92 [74] NC,CC* Fy o Cy MS —

NV’00 [75] NC,CCT  Fy I} o’ CHs MS T-Space param.

NV’00 [76] NC,CC* Fy % Cy MS T-space param.

ZN'92 [77] NC,CC* F3 g 03()21(%) MS first calc.

MV’00 [78] NC,CCT By, Fr,F3  aF — MS all N, confirms [72,73,77]
MRV’08 [79] CC~  Fy,Fp, F3  a% 602(,22,3(1') MS  z-space param., 6C\” new
MVV’09 [80] CCt F3 o 03(21(33) MS T-space param.
VVM’05 [81] NC,CCT  F,) Fp o Cy, Cr, MS x-space calc. and param.
MVV’02 [82] NC,CC* Fy o CNS MS T-space param.
MVV’05 [83] NC,CCH Fy, o CNS MS T-space param.

MR’07 [84] CC~ Iy Fr,F3 i — MS N-space, fixed N < 10
MRV’08 [79] CC~  Fy,Fp, F3 o 502(’22’3(]\7) MS N-space, first 5 moments
MVV’09 [80] CC* F3 o — MS z-space calc.

Table 2.1: Massless higher order Wilson coefficient functions in the literature. 'NC’ corre-

sponds to neutral current DIS with v and Z exchange while 'CC*’ stands for charged current
DIS with WT + W~ exchange.
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Hadronic tensor

Two approaches (both factorize short and long distances):

2. Operator Product Expansion (OPE):

a) short distance A(m)B(O) ~ Z Cz (ZE)OZ (33/2)

expansion SN~
x,—0
b) light cone N (5) " s ()(Jh%)
expansion A(m/Q)B(_ZE/Q) —— Z Ci (:E)x B 30#1---/13' (O)
X 120 Ji° f \
local ops. of definite spin |
Light cone dominance of Wilson coefficients (symmetric traceless
DIS hadronic tensor tensors of rank j)
oY) (Vp2)ii—i—da—dp . Lo : :
o Ve '\ twist = dimension - spin
x2—0

Light cone ops. with lowest
twist dominate!
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OPE

Operator product expansion

/ dw ¢ (N |T(J" ()] (0))| V)

- Z (_g/“/qlul q:“2 + gﬂﬂl qVqM2 + quqmgvuz " g.u,ulgl/u2 QQ)
k

2k
xqhs o gt ——AopIl, s,

Q4K
Hf-j/ local operators

(V1O piai [V )

Georgi, Politzer (1976)
H/Jq"',uzk = Pp1 """ Puar, — (guiuj terms)

k .
— 1)l
1)J (2K ])Og ...gp---p  traceless, symmetric

(—1) — .
27 (Qk)“? rank-2k tensor

=0
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TMC: Master formula

2.2 4,.3
TMC 2 L (0) 2\ | M- 2\ | 2M™x 2
Fl (‘/E7Q ) — %Fl (an ) | QQTQ hQ(an ) | Q47’3 gQ(ﬁaQ ) 9
2 2.3 4,4
TMC 2 1 (0) 2\ | 6M~x 2\ | 12M"x 9
F2 ($7Q ) _ 7727°3F2 (an ) | Q27“4 h2(77>Q ) | Q47"5 92(77762 ) )
x 2M?x?
Fy¥(x, Q%) = WF?,(O)(%QQ) " 0% hs(n, Q%) +0

* Modular, easy to use!

e Resums leading twist TMC to all orders in (M2/Q?)"

* |nput: standard structure functions in the parton model

with M=0
® any order in (s
* can include quark masses

IS et al. ’08, A review of TMC
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i ®
! e//% x=0.015 (x30)

NuTEV data | |
/M x=0.045 (x12)

; :_ x=0.080 (x6) _
&
& ) x=0.125 (X35)
6_97@ ==} - -
— x=0.175 (x2)
— = ——n -
W x=0.225 (x1.5)

c\Q 1+ M :
3-:(' x=0.275 (x1.2) A
L -

\\Q\ x=0.45

TMC important at -
2 ;0.1 - _-
large x and small Q : . N
NuTeV H—&— o
CTEQ6hq w/ TM
[CTEQ6hgno TM - -~ -~ - -
T

Figure 9. Comparison of the F5 structure function, with and without target mass
corrections, and NuTeV data [64]. The base PDF set is CTEQ6HQ [7].
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Why neutrino DIS?
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V DIS: From Atmospheric to UHE neutrinos

Atmospheric CCFR, NuTEV, CHORUS, UHE neutrinos
neutrinos CDHSW, NOMAD, SHIP, ... AUGER

LBL experiments, |ICECUBE

MINERvVA

S R R R/ S EE— e
| 10 100 | 0° 1010 Ey [GeV]

Neutrino oscillations; Astrophysical
precise knowledge of neutrinos observed!

VA interactions needed

Neutrino interactions
in the atmosphere;
CC DIS dominant;
small-x (x~10-7...107);
No UHE neutrinos
observed so far

Flavor separation of PDFs, nPDFs;
Proton PDFs: nuclear corrections;
dimuon production: main source
of information on strange sea;
Non-singlet evolution of Fs. O
Paschos-Wolfenstein relation, ...
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Nuclear modifications

¢ Neutrino experiments use heavy nuclear targets:
Pb, Fe,Ar, H2O, C

® As discovered more than 30 years ago by the European Muon
Collaboration, nucleon structure functions are modified by the
nuclear medium (EMC effect)

® Studies of nucleon structure:
need to correct for nuclear effects

® Nuclear effects interesting in its own right!
® Many models exist.

® However, charged lepton nuclear effects still not fully explained, in
particular the EMC effect (0.3 < x < 0.7)
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The EMC effect
F3'(x) # ZFY(x) + NFj(x)

Rise due to

Fermi motion

1-3 1 | 1 I I I 1 | I | 1
- | © Aubert et al.,, (EMC), Cu
1a O Benvenuti et al., (BCDMS), Fe
Anti- shadowmg s Gomez et al., (SLAC E139), Fe T <
enhancement \
1.1 \ .
N:I:
L 1 * -
o i
‘)
0.9 —]
Shadoww.\g 5z (»
suppression 0.3 B -
at small x
0 7 | | | I | I | | | | 1 | 1 | 1 | | | |
o 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
X

— EMC effect

Are the nuclear effects the same with neutrinos?
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Longbaseline experiments and
MINERVA

J. Mousseau, talks at DIS 2015 and Fermilab
Joint Experimental-Theoretical Physics seminar,
May 8,2015
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Neutrino properties:
What we know in 2012

very weakly interacting, ‘ Neutrino Properties \

eleCtmca”Y nEUtraI, SPIn I /2’ See the note on “Neutrino properties listings” in the Particle Listings.
tln)' mass Mass m < 2 eV  (tritium decay)

Mean life/mass, 7/m > 300 s/eV, CL = 90% (reactor)
Mean life/mass, 7/m > 7 x 10° s/eV  (solar)

Iong Iived (Or stable) Mean life/mass, 7/m > 15.4 s/eV, CL = 90% (accelerator)
. . . ’ . Magnetic moment i < 0.32 x 10719 g, CL = 90%  (solar)

tiny or vanishing magnetic

moment

| Number of Neutrino Types

. p e Number N = 2.984 + 0.008 (Standard Model fits to LEP data)
3 I|ght SM famI|IeS (Ve ,Vu , VT) Number N =2.92 + 0.05 (S =1.2) (Direct measurement of

invisible Z width)

| Neutrino Mixing

neutrinos oscillate <= my+0 in? (261) = 0.857 & 0.024
Am21 (7.50 + 0.20) x 107> eV?
sin (2023) > 0.95 [
(
) =

12 — 1
Am32 = (2327522 x 1073 ev2 U
sin (2013 = 0.098 4+ 0.013
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Neutrino properties:
What we want to know

¢ nature of neutrinos:
» Majorana or Dirac fermions?
» are there sterile neutrinos!?
® neutrino masses:
» what are the absolute neutrino masses/?

» normal (m2 <« m3) or inverted (m2 > m3) mass hierarchy?
[we know m2 > m| from MSVV effect]

¢ mixing matrix (PMNS-matrix):
» more precise measurement of mixing angles
» is the PMNS matrix unitary?

» is there leptonic CP violation!?
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Long Baseline experiments

1 L = O(A few 100 km)
> ..............................................
Near detector: Far detector:
B neutrino flux B observation of charged and
B neutrino beam energy spectrum neutral current reactions

B cross sections before oscillation

Detection requires good understanding of neutrino interactions
Nuclear effects distort measured kinematics of the neutrinos

Two (similar) detectors will not fully solve the problem:
Nuclear effects modify near and far spectra differently

Effects not well understood in neutrino physics.
General strategy has been to adapt nuclear effects from |IA DIS in VA DIS.

Dedicated experiments like MINERVA!
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Neutrino cross sections at atmospheric V energies

[ T T T | T T | T T T | T T | T T T | T T I| T i
— 2500 — _ ]
o - —— Atmospheric (* 20) ] PaSChOS,JYY, PRD65(2002)033002
> - —————  K2K (10® p.ot)) :
S <000 - ————  MINOS [LE] (10%' p.ot.) B .
v - CERN-GS (3 10%° p.o.t) . ® Resonance production (RES)
g 1500 — — —~ _
E : ) v(V) 1= (%)
g - E
E 1000 : : ; .0
% 500 — — R
e B i N N X
B h.,—-l_l_ [ | ]
1 05 1.0 5.0 10.0 50.0 100.0 ® Deep inelastic scattering (DIS)
E, (GeV) v(V) 1= (I*)
I I I N T T TT I T I | T T | I { 1T I| ]
- P. Lipari, hep-ph/0207172 O CCFRR ] g
- - W BNL 7 feet i
) 1.00 — O ANL 12—feet — X
g i ® ANL 12-feet ]
s L TN ] N
mo 0-75 :_ %\;\ ---------------- T _: ® Quasi-elastic scattering (QE)
i : N | V(D) = (1)
= 0.50 — 1 - —
N . Total CC
= — @ﬁﬁ%% ------------- o(DIS) - ?
5 025 oy L b e olae)
b L i e mmmmmemeees o(lm) .
L o ".' “*a-.‘\.-‘ . N N X
OOO 1 Aﬂll J@ o I.-I"J’| 1 | | L 111 Ih_.-——r-"_'i_—-l—l-—l—l-—l-li_ i i
0.1 05 1.0 oy 5((%}6\]1)0.0 50.0 100.0
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Neutrino cross sections at atmospheric V energies

T T T | L || T T T | T T || T T T | T T || T i
— 2500 — ‘ _
- © T Atmospheric (x 20) 1 Paschos,JYY,PRD65(2002)033002
> - ————— K2K (10*° p.o.t)) ’
S =000 - ————  MINOS [LE] (10%' p.ot.) B
iV, - CERN-GS (3 10%° p.o.t) . ® Resonance production (RES)
Nl 1500 — — —~ _
> : : v(9) - (1+)
o - i
> 1000 [— —
= - : g L
% 500 — — R
i - | ] N N X
01 0A5| | H1Ao | 5.0 I1lo.0 50.0 100.0 ® Deep inelastic scattering (DIS)
E, (GeV) v(V) 1= (I*)
A - P. Lipari, hep-ph DIS is an important component =q
% 1.00 . O ANL 12—feet X
NQ i ® ANL 12-feet N
g 0.75 — ya ™
3 CF %\\ ----------------- THT ® Quasi-elastic scattering (QE)
5 - ‘% Vv(V) 1= (1)
= 0.50 — @ 4
5 Total CC q
= - B L 1 o(DIS)
3 0B s ﬁg%‘%&% -------- 7(qe)
b P sy memememeees a(1m)
It -~.,_‘\.~ N N X
OOO ﬂll J@ I I.-I"J' | | | | | L | | | h—.-——r-"_'!_"-l—l-—ﬂ—l-—l-li_ P —
0.1 05 1.0 P 5((8}6\]1)0.0 50.0 100.0
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MINERVA neutrino flux

Neutrino Flux

-3

= 0.1 6?'1_9' | [Trr T ]

8 B Medium Energy 1

S 014 N

) - |

O N —— Low Energy ]

NE 0.12 — -

2 - B

/2] - . -

2 0.10F DIS region -

@ 0.08F B

= N MINERVA Preliminary.

0.06 N

0.04f =

0.02- .

[ | [ | 1 l [ | [ | 1 l [ | [ ] I [ ] ] I [ [ ] i [ [ g : | ¥ X ! 3 -

0'000 2 4 6 8 10 1 14

Energy (GeV)
Results so far with LE flux; Data taking at the moment with ME flux;
Large contributions from QE and RES much better sensitivity at low and high-x
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CC DIS ratios: 0(EV)

Cuts on (published) inclusive sample: Q@ > 1 GeV?, W > 2 GeV

Ratio of ¢¢: ¢ Ratio of g™ : o Ratio of o™ : ¢®
. . 1.
1 8: MINERVA Preliminary -4 Data 1 8: MINERVA Preliminary —4=- Data 8: MINERVA Preliminary —4- Data
- | 312e+20P0 = Simulation - 312e+20P0 = Simulation - 3.12e+20POT — Simulation
1-6, NOT Isoscalar Correcte 1-6, NOT Isoscalar Correcte 1-6, NOT Isoscalar Correcte:
141 [ 1 14F Fe/CI_I 141 D ’C' ]
s | C/CH S . M Pb/CH
0 £ —— ) i . : a - e
o) 1_0__ e L AT v gy i 'b 1_0_ _+_\_*_' 'y L oo n'b 1_0_ + % + |
i ) i i
0.8f 0.8f 0.8f
0.6] 0.6 0.6[
5IM1OH"15”“20m‘25‘H‘30‘”‘35‘”40m|45m50 5‘m10‘H‘15”"20‘H‘25‘m30‘“235”“40‘m45m‘50 5m‘10m‘15‘H‘20‘“‘25‘HéOm‘135lm40‘m45m'50
Neutrino Energy (GeV) Neutrino Energy (GeV) Neutrino Energy (GeV)

® Not isoscalar corrected!

® Data show no significant deviation from simulation with GENIE which
does not include any nuclear effects.

® The parton model results using nPDFs are consistent with unity.

® Small nuclear effects in the integrated cross section.
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CC DIS ratios: 0(EV)

Ratio using free proton and neutron PDFs (Z ff + N ")

No nuclear effects; deviation from unity due to non-isoscalarity

50

1.8 L B BN R BN BN BLENL L RN BN R B 1.8 L L L L
[ eMINERVA data : I eMINERVA data '
16 | ] 1.6 |
- Fe'/cH’ : - PvY/cH’ Preliminar :
14 | Prellmlnary ] 14 | Y ]
= [ = [
%12_—} ! ] %2}
E I T - T E ¢
@) QIﬁ @ B 1
1 F % 1 ° - 1 I
08 | : 08 |
0.6 -----|----|----|----I----I----I----I....I.... 0.6-....I....I....I....I....I....I....I....I....
5 10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45
E E
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CC DIS ratios: do/dx (flux averaged)

Cuts on (published) inclusive sample: Q@ > 1 GeV?, W > 2 GeV

y Ratio of 42°; 0= y Ratio of 40°; 40 y Ratio of 90~ 0=
) B MINEERVA Preliminary -4 Data . B MINERVA Preliminary -4 Data . B MINERVA Preliminary -4 Data
- 31220 POT = Simulation - 312420POT == Simulation - 312420POT == Simulation
1-6, NOT Isoscalar Corrected 1-6, NOT Isoscalar Corrected 1-6, NOT Isoscalar Corrected
£ 4 | | 14 Fe/CH e 14k i
3y | | I A s " Pb/CH
o) 12F | 'U\ 12F 'U\ 1.2 +
ob‘x 10: | : 4 ‘_L7 g X 10; + + 4+_, + g X i_'_ * ;
s UL — o 1.Uf RT 1'0_ +
e ~ 3 ; + S i
0.8} / I‘ 0.8} 0.8} +
0.6f 0.6f 0.6
00 0f 02 03 04 05 06 07 00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07
Bjorken x Bjorken x Bjorken x
® Not isoscalar corrected! Need to disentangle non-isoscalar effects from nuclear effects!
®  Currently, simulation assumes same x-dependent nuclear effects for C, Fe and Pb based on charged
lepton DIS.
® Lowest x bin is <x>~0.07 and <Q?> ~ 2.0 GeV2. Data suggest additional nuclear shadowing (Pb,Fe).
A-dependent higher-twist effects might also play a role.
® In the EMC region (0.3<x<0.75) good agreement between data and simulation.
® Data errors mostly statistics dominated. Future improvements at small and high-x due to ME flux.
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CC DIS ratios: do/dx (flux averaged)

Ratio using free proton and neutron PDFs (Z ff + N ")

No nuclear effects; deviation from unity due to non-isoscalarity

18 —

p—
@)

do™%/dx/do/dx

ot
o0

o
o)

(S
~

[E—
\)

Fe’/CcH’

Preliminary

—————r—r
e MINERVA d

[E—

ata

Pt
0 0.1 0.2 0.3 0.4 0.5 0.6
Bjorken x

do™?/dx/do"/dx

>
o0

18—

— p— p—
\9) EEN (@)

[E—

<
o)

—————r—r
e MINERVA data

N 0 0 ]
_ Pb7/CH Preliminary
!
o '
0 0.1 02 03 04 0.5 0.6 0.7

Bjorken x
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Conclusions

First preliminary results from MINERVA on neutrino DIS
using LE flux

Exciting results to come in the future!

EMC effect, shadowing, ... in neutrino interactions

Monday, June 8, 15



QCD studies with neutrinos




Flavor separation of PDFs
NC charged lepton DIS: 2 structure functions (Y-exchange)
F)(xz) ~s[4(u+a+c+e)+d+d+ s+ 3)(x)
F3 () = 20F] (x)
CC Neutrino DIS: 6 additional structure functions F|23"V* Fj 23V

F2W+N[d+s+ﬂ+5] F?yv+~2[d+s—ﬂ—5]

FQVV_N[CZ—l-g—I-U—l-C] FgV_NQ[u+c—d—§]

Useful/needed to disentangle different quark parton flavors
in a global analysis of proton or nuclear PDFs

Monday, June 8, 15



Dimuon production and the strange PDF

Opposite sign dimuon production in neutrino DIS: VN—= U X

Extract s(X) Extract ?(x)

-

Depends on
nuclear
corrections

® High-statistics data from CCFR and NuTeV: Main source of information!
e x~[0.01,0.4]

® VFe DIS: need nuclear corrections! Problem: Final State Interactions (FSI)

® CHORUS (VPb): compatible with NuTeV, could be included

® NOMAD (VFe): data not yet published, in principle very interesting
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World data on 18/5 FoNC and F>¢C on iron

5
Zﬁ&jng — ?[E§ 5?767 -—'_Z;E?[Cj ~

—
(@]

, NuTeV —+—
Neutrinos EMC

E139
CDHSW +—e—
04 t BCDMS

N. Kalantarians, C. Keppel,
M. E. Christy, work in progress

ED

2Fe
=
o)
»
I

il E140 +—x—
05 Ei CCFR —8— 1

01 + charged i § ;
leptons ] i
0 L ]
0 0.1 0.2 03 04 0.5 06 0.7 0.3

Data available at Durham
database;

Data brought to the same
Q?=8 GeV?

Info on nuclear corrections
in V-Fe DIS vs |-Fe DIS:
Advantage: no deuterium

Info on strange PDF in iron:

Advantage: inclusive, no FSI

Disadvantage: difference of
two large numbers
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Drell-Yan production of W/Z at the LHC

@0 /dM]dy [pb/GeV.

Kinematic plane

400 strz%nge. ]
JS=14Tev 7Tev  1.96Tev ; contribution
1 - f
N\ 300 ¢ ]
o 0 W at LHC *
- 100 - ,
0.01- " g
;20 OT . \ . . . \ . . . \ . . . \ . . . \ \ il
| —4 -2 0 2 4
0.001/" y  rapidity
70 strange ]
10~ 60 contribution ;
\ r
104  0.001  0.01 0.1 1 40 - ]
XA - ]
30 Z at LHC
20 *
Uncertainty of strange-PDF will 10 ]
feed into benchmark process 07 N
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VRAP code: Anastasiou,Dixon,Melnikov, Petriello,PRD69(2004)094008
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Strange PDF: experimental constraints

Semi-Inclusive DIS (SIDIS): etN—=K+X

incoming lepton scattered lepton
semi-inclusive dU 2 2 K 2
hadrons 0.4 € X, D &
dZUdQQdZ Z qu_I( Q ) q ( Q )
q
S FFs 1
A 53(%@2)175(2,@2)
PDFs >
target remnant
target nucleon
rS = x(5+ )
e SIDIS data from HERMES 0.4\ _—3 param. fit |
@ ot T KEE 0.3 - :”/(JF)
o S\¥ CTEQ6.6
® depends on fragmentation functions (FF) 2 02 /
: N
© I I 0.1- f
not (yet) included in global analyses g
® compatible with CTEQ®6.6 (red curve) 0.0 005 010 020 050
X
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Strange PDF: experimental constraints

Production of a vector boson+heavy quark: s+g = W+c

s g—>Woc at the Tevatron

Consistent

S i M

CDF & DO

CDF: PRL 100:091803,2008.
DO0: PLB666:23,2008.

® Tevatron: analysis with ~| fb-!
consistent with SM

® no nuclear corrections
e different kinematic region than neutrino DIS
® hadron-hadron initial state more challenging

® not yet competitive but updated analyses in
progress

£70- DD
Q C
7 60- (b) L=1fb"
_,-dc_-! 23_ ——data
5 ol
o _l_ Wc-jet
9 30 ‘ """"" W-light-jet
© 20 ‘ i
10 _I_ L W-+bb
e G e
10 e b e b
0 1 2 3 4 5

Muon prTe' [GeV]

Also a challenge at LHC
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XF3 and Isospin Violation

» xF; uniquely determined by neutrino-DIS

da + S84 —Upg—Ca + ...,

’U,A—|—CA—CZA—§A—|—...

* The sum is sensitive to the valence quarks

== Nonsinglet QCD evolution,Jdetermination of a.(Q)

* The difference can be used to constrain isgspin violation

cFYA — gFY4 = 2xsT, — 2z + 261 + O (ag)

(dpsa — tnsa) + (dnja —upsa) + (dpsa — Gnya) (dnja — tpsa)
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Hadronic Precision Observables

gL and gpR are effective L and R
vq couplings

1 5
st = (5 tge)
5

2 _ 2(° 4

Paschos-Wolfenstein (PW):
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QCD for PW-style analysis

oK — oKX 1
-2 ~ -~ — 5. +0R, +0R e + 0Rgw

sl _Uéc 2 / T 5\

non-isoscalarity QCD effects higher order
of the target ew effects

SRoep = OR, +6R; +6Ry 0

P AN

due to strangeness

asymmetry: due to isospin higher order
_ _ violation: QCD effects
sT=s—5#0
uP(z) # d"(z)

see, e.g., hep-ph/0405221
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SHIiP experiment proposal
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SHiP Proposal
PHYSICAL TECHNICAL

CERN-SPSC-2015-017/SPSC-P_350-ADD-1 CERN-SPSC-2015-016/SPSC-P_350
arXiv:1504.04855 (hep-ph) arXiv:1504.04956 (hep-ph)

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

AVa

A facility to Search for Hidden Particles at the CERN \/ \/
SPS: the SHiP physics case SHiP CERN-SPSC-2015-016

SPSC-P-350
8 April 2015

PREPARED FOR SUBMISSION TO JHEP

Sergey Alekhin,’* Wolfgang Altmannshofer,” Takehiko Asaka,’ Brian Batell,”

Fedor Bezrukov,”” Kyrylo Bondarenko,” Alexey Boyarsky*,* Nathaniel Craig,” .

Ki-Young Choi,' Crist6bal Corral,'' David Curtin,'? Sacha Davidson,'*!* André de Gouvéa,'® Technical Prop osal
Stefano Dell'Oro,'" Patrick deNiverville,'” P. S. Bhupal Dev,'"® Herbi Dreiner,'”

Marco Drewes,”’ Shintaro Eijima,”' Rouven Essig,”” Anthony Fradette,'” Bjorn Garbrecht,”’

Belen Gavela,” Gian F. Giudice,” Dmitry Gorbunov,*"** Stefania Gori,* A Facility to SearCh for Hidden

Christophe Grojean§.2""'*’7 Mark D. Goodsell,***" Alberto Guffanti,” Thomas Hambye,*'

Steen H. Hansen,” Juan Carlos Helo,'' Pilar Hernandez,* Alejandro Ibarra,?’ Particles (SHiP) at the CERN SPS
Artem lvashko,*"* Eder lzaguirre,” Joerg Jaeckel¥,* Yu Seon Jeong,” Felix Kahlhoefer,*’

Yonatan Kahn,”" Andrey Katz,”***" Choong Sun Kim," Sergey Kovalenko,"'

Gordan Krnjaic,” Valery E. Lyubovitskij,*”-*!-** Simone Marcocci,'® Matthew Mccullough,” The SHiP Collaboration’

David McKeen,** Guenakh Mitselmakher ,** Sven-Olaf Moch,* Rabindra N. Mohapatra,*®

David E. Morrissey,’” Maksym Ovchynnikov,** Emmanuel Paschos,’® Apostolos Pilaftsis,'® [l N
Maxim Pospelov$,®!7 Mary Hall Reno,*’ Andreas Ringwald,”” Adam Ritz,'”
Leszek Roszkowski,” Valery Rubakov,?* Oleg Ruchayskiy*,?! Jessie Shelton,®! A Wi N
Ingo Schienbein,” Daniel Schmeier,'¥ Kai Schmidt-Hoberg,”” Pedro Schwaller,”

Goran Senjanovic,””** Osamu Seto,” Mikhai daa*: § 21 Brian Shuve,® 0 C
Robert Shrock,” Lesya Shchutska® 4 pray,”® Florian Staub,”

Daniel Stolarski,” Matt Strasslegd 3 ¢

Anurag Tripathi,” Sean Tulin
Zurek(i-i.éi.’)

% Kathryn M. Abstract

A new general purpose fixed target facility is proposed at the CERN SPS accelerator which is aimed

85 theorists
at exploring the domain of hidden particles and make measurements with tau neutrinos. Hidden

200 pages B e

Talk by A. Di Crescenzo at DIS 2015

Monday, June 8, 15



Neutrino Physics@SHiP

—V, +V,
— Vg + Vg
V. +V,

10'?

Energy spectrum of different
neutrino flavors interacting in
the target

107E

104|||||||||||||||||||||||||||||
0 20 40 60 80 100 120 140

E(GeV)

<E> CC DIS

(GeV) interactions
N, = 29 1.7 x 10°
N, 46 2.5 x 10°

CC DIS neutrino interactions N,, = 59 6.7 x 10°

. 70 Ny, 28 6.7x10°
in 5 years run (2x10%° pot) Ny. =~ 46 9.0x10°

Ny 58 3.4 x 10°
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SHiP

® Proposal: fixed target experiment at the CERN SPS

® SPS:4x10'3 protons per spill@400 GeV — 2x10%° pot in 5 years (same as CNGS)

® Search for new physics beyond SM: explore the intensity frontier

® Rich Standard Model physics program:
® first observation of anti-V
® V. and anti-Vt cross section measurements: sensitive to F4 and Fs
® structure functions studies:W™: F|, Fo, F3 ; W= F, F2, F3

® charm physics with neutrinos and anti-neutrinos: strange PDF

® clectroweak measurements: Paschos-VWolfenstein relation, ...
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SM prediction’ ' |
P | SM pI'EdICtlion

100 150 200 100 150
E [GeV] E [GeV]
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NCTEQ nuclear correction factors
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VA DIS vs |A DIS

Not much information on nuclear ratios in VA DIS

Often use information from |A DIS to correct for
nuclear effects

Sometimes the same nuclear correction factor is applied
independent of the neutrino observable, Q?, or the
nuclear A

Big question:
Are nuclear effects in VA DIS the same as in |A DIS?

(Problem: term “nuclear effect” used for different things)
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Nuclear corrections: Parton model perspective

® Be O an observable calculable in the parton model

® Define nuclear correction factor in the following way:

[R[O] = O[Z f/A + N fVA]/O[Z f + N fnﬂ

¢ Advantages:
® very flexible:any Q%*>1 GeV?, different nuclear A
e different observables: F|23V*, Fi23YV-,F|2Y, DY, do/dxdy
® calculation of uncertainties possible

® Of course, no explanation of nuclear effects
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Nuclear corrections: Parton model perspective

Even with same nuclear modification of the different parton flavors:
R[Fy4](z) # R[F3*](x) R[F§4](z) # R[Fy4)(x)
simply because different observables depend differently on the partons.

measured needed correction factor

Often similar but not the same: FQA/FQD + R[FQA]

Non-isoscalarity effects; Deuteron has its own nuclear corrections.

In summary:

Nuclear correction factors will be (more or less) different even if the same
nuclear mechanisms are at work/even if there are universal NPDFs

Big question: can VA+|A data be described by a universal set of NPDFs!?
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NUCLEAR CORRECTION FACTOR R[F}e]

1.20¢ 1.20 ; R
A_se Z-26 L1 Q%=20 GeV
115_ 1.15 N R R :
1.10F 1.10F
__ 1.05F — 1.05F
é é‘ -
E 1.00~ E 1.00E
=~ =~ F

: PE S SAN H : RSt 3 HE I
i H RSN H oo = H PR H Do
e et H H H H F H e H H H H F
- s Fe : : F = et : : FE
0-95 T IR L H H A 0-95 [ R e
P~ e e RS
— N - ’

0.90[ - 0.90F+"

0.85 - 0.85

SLAC/NMC I HKNOT(NLO)

080_ i i i i i i - I 080_ I i i [ -
10' 1 10 1

e Are nuclear corrections in charged-lepton and neutrino DIS different?

e Obviously the PDFs from fits to /A + DY data do not describe the
neutrino DIS data.

e However, a better flavor decomposition could be possible resulting from
a global analysis of /A, DY and A data.

Note: x,;, = 0.02 in these figures.

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs June 7, 2010 20/ 51
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Global analysis of VA+IA+DY data




COMBINING YA DIS, DY AND A DIS DATA

e /A and DY data sets as before

e 8 Neutrino data sets

NuTeV cross section data: vFe, vFe
CHORUS cross section data: vPb, vPb
NuTeV dimuon data: vFe, vFe
CCFR dimuon data: vFe, rFe

e Problem: Neutrino data sets have much higher statistics. Systematically
study fi ts with different weights.

Weight Fitname | ¢data | x° (/pt) vdata | x° (/pt) total 2 (/pt)
w=20 decut3 708 639 (0.90) | - - 639 (0.90)

w=1/7 | glofacia | 708 645 (0.91) | 3134 4710 (1.50) | 5355 (1.39)
w—1/4 | glofacic | 708 | 654 (0.92) | 3134 | 4501 (1.43) | 5155 (1.34)
w—=1/2 | glofacib | 708 | 680 (0.96) | 3134 | 4405 (1.40) | 5085 (1.32)
W= 1 global2b | 708 | 736 (1.04) | 3134 | 4277 (1.36) | 5014 (1.30)
W = co nuanual | - - 3134 4192 (1.33) | 4192 (1.33)

I. Schienbein (LPSC Grenoble)

Recent progress on CTEQ nPDFs

June 7, 2010
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R[F;"®] (LEFT) vs R[F%"®] (RIGHT)

decut3 (w = 0)
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I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs
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X
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R[F;"®] (LEFT) vs R[F%"®] (RIGHT)

glofacia (w = 1/7)
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R[F;"®] (LEFT) vs R[F%"®] (RIGHT)
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R[F;"®] (LEFT) vs R[F%"®] (RIGHT)

glofacib (w = 1/2)
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R[F;"®] (LEFT) vs R[F%"®] (RIGHT)
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R[F;"®] (LEFT) vs R[F%"®] (RIGHT)

nuanual (w = oo)
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IS THERE A REASONABLE COMPROMISE FIT?

Weight Fit name | ¢data | x° (/pt) vdata | x° (/pt) total x= (/pt)
w=0 | decut3 | 708 | 639 (0.90) | - : 639 (0.90)

w=1/7 | glofaclia | 708 645 (0.91) | 3134 4710 (1.50) | 5355 (1.39)
w—1/4 | glofacic | 708 | 654 (0.92) | 3134 | 4501 (1.43) | 5155 (1.34)
w=1/2 | glofacitb | 708 680 (0.96) | 3134 4405 (1.40) | 5085 (1.32)
W — 1 global2b | 708 | 736 (1.04) | 3134 | 4277 (1.36) | 5014 (1.30)
W = o0 nuanual | - - 3134 4192 (1.33) | 4192 (1.33)

e w = 0: No. Problem: R[F}F®]
e w=1/7: No. Problem: R[F}F®]

e w = 1: No. Possibly there is a compromise if more strict Q% cut?

e Q? = 5: Undershoots R[F;"®] for x < 0.2. Overshoots R[F®] for x € [0.1,0.3]

e Q2 = 20: R[F.F®] still ok. Overshoots R[F}"e].

e (2 = 5: Undershoots R[F.®] for x < 0.2. R[F}F] ok.
e Q2 =20: R[F.] still ok. R[FY®] ok.

e w = co: No. Problem: R[F;’®]

I. Schienbein (LPSC Grenoble)

Recent progress on CTEQ nPDFs

June 7, 2010
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DISCUSSION/INTERMEDIATE CONCLUSION

Discussion based on the comparison of the nuclear correction factors R[FfA]
and R[F}*

e There is defi nitely a tension between the NuTeV and the charged lepton
data

® There is a clear dependence on the weight.

e Theory curves for R[F;*] and R[F}*] are both shifted down with increasing weight
of the neutrino data.

e Preliminary conclusion: At the level of the (high) precision there doesn'’t
seem to be a good compromise fi t of the combined /A, DY and v A data.

e However one has to be careful:

® These are precision effects
e For each weight, the curves have uncertainty bands not considered
® The figures show the comparison to only few (representative) data

Consider next quantitative criterion based on y?

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs June 7, 2010 43 / 51
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TOLERANCE CRITERION

Probability distribution for the y? function

2
(XZ)N/2—1 e~ X /2

PN(XZ) — 2N/2|—(N/2)

Determine ¢2, and &2, (i.e. p = 50, p = 90):

sz
/ dx2Pn(x?) = p/100
0

Condition for compatibility of two fi ts:

The 2nd fit (x;) should be within the 90% C.L. region of the first fit (g ;)

2 /.2 2 /g2 _ A2
Xn/Xn,o < ggo/€5o A Coo = 2 B < 1
%(‘sgo_ggo)
see CTEQ’01, PRD65(2001)014012; MSTW’09, EPJC(2009)63,189-285
June 7, 2010

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs
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TOLERANCE CRITERION Cgg < 1:

TOTAL X2 FOR A) /A+DY DATA AND B) NEUTRINO DATA

90% tolerance condition for the charged lepton y? and the neutrino \?
® decut3: 638.9 £ 45.6 (best fit to only charged lepton and DY data)
® nuanual: 4192 + 138 (best fit to only neutrino data)

Is there a compromise fit compatible to both, decut3 and nuanuail?

Weight Fitname | ¢data | x° v data | x? total x2 (/pt)
w=20 decut3 708 639 - nnnn NO 639 (0.90)
w=1/7 | glofacla | 708 | 645 YES | 3134 | 4710 NO 5355 (1.39)
w=1/4 | glofacic 708 654 YES | 3134 4501 NO 5155 (1.34)
w=1/2 | glofacib | 708 680 YES | 3134 4405 NO*** | 5085 (1.32)
W= 1 global2b | 708 | 736 NO | 3134 | 4277 YES | 5014 (1.30)
(1.33)

W = oo nuanuai - nnn NO 3134 4192 4192 (1.33

Observations:
® There is no good compromise fit based on the 90% C.L. criterion.
® Qur best candidate is glofac1b which is marginally compatible: 4405 — 4192 ~ 1.5 x 138
® (Observations in agreement with the previous conclusions based on R[FZE’:@] and R[FZ’/Fe].

Let’s have a look at the tolerance criterion applied to the individual data sets!
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TOLERANCE CRITERION Cgg < 1:

INDIVIDUAL DATA SETS: n=1,...,32 VS DECUT3; n = 33,...,40 VS NUANUAI

glofacia (w = 1/7)

§
5

N
I|IIII IIII|IIII IIII|IIII|IIII|IIII|II

® Y-axis: Cqp; X-axis: Number of the dataset (n=1,...,40)

® |mportant data sets:
e n = 8 (red circle): Fe/D charged lepton data
e Dlue ellipse: CHORUS vPb, vPb cross section data
e n = 35,36 (red ellipse): NuTeV vFe, vFe cross section data

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs

June 7, 2010
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TOLERANCE CRITERION Cgg < 1:

INDIVIDUAL DATA SETS: n=1,...,32 VS DECUT3; n = 33,...,40 VS NUANUAI

glofacic (w = 1/4)

T l:;w
§@
L

® Y-axis: Cqp; X-axis: Number of the dataset (n=1,...,40)

® |mportant data sets:
e n = 8 (red circle): Fe/D charged lepton data
e Dlue ellipse: CHORUS vPb, vPb cross section data
e n = 35,36 (red ellipse): NuTeV vFe, vFe cross section data

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs

June 7, 2010

47 / 51

Monday, June 8, 15



TOLERANCE CRITERION Cgg < 1:

INDIVIDUAL DATA SETS: n=1,...,32 VS DECUT3; n = 33,...,40 VS NUANUAI

glofacib (w = 1/2)

® Y-axis: Cqp; X-axis: Number of the dataset (n=1,...,40)

® |mportant data sets:
e n = 8 (red circle): Fe/D charged lepton data
e Dlue ellipse: CHORUS vPb, vPb cross section data
e n = 35,36 (red ellipse): NuTeV vFe, vFe cross section data

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs

June 7, 2010
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TOLERANCE CRITERION Cgg < 1:

INDIVIDUAL DATA SETS: n=1,...,32 VS DECUT3; n = 33,...,40 VS NUANUAI

global2b (w = 1)

® Y-axis: Cyoy; X-axis: Number of the dataset (n=1,...,40)

® |mportant data sets:
e n = 8 (red circle): Fe/D charged lepton data
® Dlue ellipse: CHORUS vPb, vPb cross section data
e n = 35,36 (red ellipse): NuTeV vFe, vFe cross section data

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs
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TOLERANCE CRITERION Cgg < 1:

INDIVIDUAL DATA SETS

Observations:

o wW=1/7: Cyg > 5 for NuTeV vFe; Cyg ~ 1.8 for NuTeV vFe

e CHORUS data (blue ellipse) always compatible; little dependence
on weight w

e increasing weight: NuTeV cross section data improve; charged

lepton Fe/D data get worse
e our best candidate (w = 1/2)

Fe/D (n =8): Cgg ~ 2

NuTeV vFe (n = 35): Cgg ~ 2.2

NuTeV vFe (n = 36): Cgg < 1

some other data sets n = 3,4,5, 6,32 with Cgg > 1

e w=1:Fe/D(n=28): Cgg >3
e Confi rms and quantifi es observations based on R plots

I. Schienbein (LPSC Grenoble) Recent progress on CTEQ nPDFs

June 7, 2010

50/ 51

Monday, June 8, 15



CONCLUSIONS III

Based on nuclear corrections factors R and the tolerance criterion Cog < 1:

I. Schienbein (LPSC Grenoble)

There is no good compromise fit to the /A DIS + DY + vA DIS data.

Most problematic: tension between NuTeV v Fe cross section data and

Fe/D data in charged lepton DIS.
The NuTeV vFe data are less problematic.

They have larger errors.

The CHORUS v Pb and ©7Pb data are compatible with both, the charged

lepton+DY and the NuTeV data, as is well
errors.

Relaxing the tolerance criterion to Cgg < 2
would be marginally acceptable.

This can also (qualitatively) be verifi ed wit
A larger Q*-cut, say Q° > 5 GeV?, could a

known. They also have larger

the fi t with weight w =1/2

n the R-plots.

so help to reduce the tension.

(In particular, this would remove some of t
section data at small x.)

ne rather precise NuTeV cross

Recent progress on CTEQ nPDFs June 7, 2010 51/ 51
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Last words

1 A global approach across subfields

PDFs

— - - e

y I
Nuclear HEP
data data
pQ‘(}\ pQCD
@n structure
Global @dlum @ Global

QCD fits pQCD QCD fits

Nuclear, hadron

theory

accardi@jlab.org DIS 2015

Exciting contributions from VA DIS to this picture
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Strange PDF

® Before dimuon data (~2001) essentially no
experimental constraints on strange sea

® Theoretical assumptions necessary!

— 7 — AT
® FEarly parametrisations (Duke-Owens): xT=xd=x5=Ag(1—x) *S /6
SU(3)-symmetric sea

® Even SU(2)-symmetry is broken! d(z) > u(x)
(Gottfried sum rule, EB66 experiment)

® later parametrisations (e.g. CTEQ®6.1): S — 8

SU(3) symmetry is broken; _ -~ o
stra(m)ge);ea ~ I72 light sea (s + 5)(z, Qo) = w(u + d)(x, Qo)

® (CTEQA6.6 and later: dimuon data!
strange PDF fitted with 2 free parameters

Monday, June 8, 15



Strange PDF: Uncertainty

® Knowledge of strange PDF is limited
(see figures)

® |f exact SU(3) symmetry:
ubar = dbar = sbar and k=1

® ms>> My Md:
expect ubar = dbar > sbar and x<|

o CTEQS6.1,CTEQ6.5: x=0.5
by design

o CTEQ®6.6:x=0.5 at x=0.1
central PDF a factor 2 larger for small x

® Green error band: (upper figure)
enveloppe of 44 CTEQ®6.6 error PDFs

® Blue error band: (upper figure)

AX = ;J > IX(SF) - X(S)P

1=1

s(x, ()
Q) = Gro) AT
K(X)

0.8
R - R S i
s T T T T T CTEQ
02 Q=1.5 GeV
0.0001 0.001 X 0.01 0.1

Relative uncertainty of strange sea at Q=2 GeV
1.2

Assumption
replaces
uncertainty

09

0.001 001 0.1 1.
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Drell-Yan production of W/Z at the LHC

® Benchmark processes, essential to know impact of PDF uncertainties

® Conversely,W/Z production to constrain PDFs

Tevatron tot LHC tot

ud

I
T

=
—

CS

(e
.
Y

us

do/dy(W") at LHC

L]
—

do/dy(W) at Tevatron

6 -4 2 0 2 4 6 -6 ' -2 0 2 4
Boson Rapidity Boson Rapidity

® Larger energy — probes PDFs to small momentum fractions x

® Larger rapidity (y) = access to very small x

® larger contribution from the sc-channel
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Evolution of Kappa

Can W/Z data constrain the strange PDF!

® Higher scales:
production of s(x) via gluon

splitting moves K(x) to the SU(3)

symmetric limit!
® | HCY7 sensitive to x~0.01

® | HCI4 sensitive to x~0.005

® Need very precise measurementat 02 Q_ |.5
Q=80 GeV to constrain strange

PDF at Q=1.5 GeV! 0.0001 0.001 0.01 0.1

Monday, June 8, 15



PDF Uncertainties

Cross Section

\ strange ,
“.contribution”

-
- -
__________

do/d]y, | [pb]

10+

601

Cross Section

10}

Anastasiou, Dixon, Melnikov, Petriello,

Theory/Data

50[
40t
300

20+

= S)PDF < W/Zat LHC

R kAiLAS
Z— 1T h

I|III|III|III|III|III|

:ODOD.LU.

dt=33-36pb”

Data 2010 (/s = 7 TeV)
MSTWO08
HERAPDF1.5 —}— Uncorr. uncertainty

ABKMO09 - Total uncertainty
JR0O9

t

Phys.Rev.D69:094008,2004.

Schienbein, Kovarik, Jezo, Yu, Park

Phys.Rev. D85 (2012) 094028

strange
_contribution -
..... > 0.4 - | PRELIMINARY
g 02 -
: o~ LHC-B
V4 at LHC & 02 [—crio
.z:“: 04l |—cTiow
= | - LHCB
/____NNLOVRAP Code _\' osp  NNHANDwK ResBos
-4 -2 0 2, .. 4 1.5 2 2.5 3 3.5 4 4.5
,  Trapidity i Zhao Li, 2011
NNLO VRAP Code Kusina, Stavreva, Berge, Olness, y distl‘ibuti()n Shape

can constrain s(x) PDF
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Recent Results from EW Moriond 2012

W, Z data sensitivity to strange sea

N

@ ATLAS performed NNLO QCD fitto Z, W+, W~ + HERA ep DIS cross
sections: significant tension for Z observed when suppressing strange

by 50% at low scale 1.9 GeV?

@ Fit with free strange sea gives

No supression

dordly, | [pb] \

"""""""""""""""""""""""""""""
ATLAS |
Preliminary |
- Z 1T g
1001 ' .
ol
| =t dt=3336pb’" !
80— —
~ —$— ATLAS Data 2010
B (uncorr. sys. @ stat. uncertainty)
60 - epWZ fixed § s
L— epWZ free s | i
(9] C ]
© 1.021 7
o
X T ]
< 0.98F =
£ 0 05 1 15 2 25 3 35
lY,|

A

TS = 1.00 :I: O'QOeXp —0.20 Sys

T T

~ ATLAS

Q% = 1.9GeV?, x=0.023 Preliminary
—epW/Z free s
W total uncertainty — -
exp. uncertainty
A ABKMO9 (NNLO) d
m NNPDF2.1 (NNLO)
+0.16 e MSTWO08 (NNLO) v
v CT10 (NLO)
] | L ) L | L ] | ] | . ]
-0.5 0 0.5
= 500——————————————— o] § 700———————————
o = — ] o L + +
g_ W— IvI Preliminary = N Wi | V|
S 450kt 4 T 650#
o) - o) -
o o =
- 600+
400 —t dt = 33-36 pb "’ - - —t dt = 33-36 pb”’
- = O 550 = © 7P ]
| —+— ATLAS Data 2010 . - —4+— ATLAS Data 2010
350 (uncorr. sys. @ stat. uncertainty) — L (uncorr. sys. @ stat. uncertainty)
....... epWZ fixed § & 500; ------- epWZ fixed § B
| —— epWZ frees - —— epWZfrees
P R SRR RS * N S S S W ]
o 1.02 7 o 1.02_— 7
[ N (O] L
x 1 4 x 1 -
% 0.98- 1 5 0.98F g
g o0 0.5 1 1.5 2 ]2|.5 £ o0 0.5 1 1.5 2 2.5
T]I

|
ATLAS-STDM-2011-43 — PRL

Jan Kretzschmar, 7.3.2012 — p.7
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First LHC results on W+charm (CMS)

CMS preliminary CMS prellmlnary
T | T T T T T T | T I T T

v : T T | T T T I T T : # : I T I :
g 905— 36 pb ! at Vs =7 TeV E g 90;_ 36 pb1 at \/s_7TeV E
@ 80F = & 80F =
= - ® Data = = = ® Data =
e 70 - [ w*+charm E L 70 - @ wW+charm E
o 60 []wWriight = . 60 [JW +light =
o cof [tor E O cof [tor E
B YYE  [Jother bekg. = x - [ Other bckg. =
g 40 — g 40 —
I _ [ (] -
- E = 5oF M. Grothe's talk E
- . -l and CMS-PAS-11-013 =

201 ~ 20F B
1of ) -

: 1 1 1 J— 1 I 1 | 1 | 1 : : 1 i - 1 I 1 1 1 I 1 :

Q6 -4 -2 O 2 4 ) QG -4 -2 @)
Dgsvhe

= Sensitive to strange quark PDFs (process dominated by s+g — W + charm):
" PDF uncertainties from the second quark generation are a potential source of uncertainty for the W mass
measurement at the LHC
= Data-driven control of light-quark and top backgrounds

= Enormous margin for improvement (only 2010 statistics used), new method (secondary vertex tagging),
complementary to the one employed untll now at Tevatron (semileptonic charm decay tagging):

For pi'>20 GeV,|n""|<2.1:

0( W+ charm)_ . 0(W+ charm) _
o(W +charm) =0.92:£0.19(stat. ) £0.04( spst.) ; o +jet) =0.142:+0.015(star. ) £0.024syst.)
e J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference 0

FEnernpdéticas, hedioambicmales
v Tecnoldgsicns
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REQUIREMENTS

» Proposal: fixed target experiment at the CERN SPS
» SPS: 4x108 protons per spill @ 400 GeV = 2x10%° pot in 5 years (same as CNGS)

1) BACKGROUND REDUCTION
» Combinatorial background
»  Neutrino flux

v

Muon flux

v

1470 Gl Fe ~1m
target
~1m

not to scale

Neutrino interactions

1) SIGNAL ENHANCEMENT
» Geometrical acceptance

» Reconstruction of decays

» High sensitivity

Muon shield
~50m

v detector Detector volume Tracking +
~10m ~100m Spectrometer

A. Di Crescenzo - DIS 2015

7
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DETECTOR LAYOUT

Hidden Sector
decay volume

Spectrometer
-, Particle ID

Target/

hadron absorbe v, detector

ctive muon shield

A. Di Crescenzo - DIS 2015
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TIMESCALE

Activity

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

01 OO QR 68 |0 Q) O3 OM| 08 @Y Q3 O3 OF O 0401 O 43 OO @ OF 4|0 OF G a1 @ OF G4 Q) Of O 01 O O3 Q401 € OF o408 0 ak Q4|01 O Of o

LHC operation
SPS operaton

—n e —

Experiment

Technical Proposal

SHIF Project spprovel

Technical Design Repors and R&D
TOR approval

Detector production

Detector mctallation

SHIP dry runs and HW commizsioning
SHIF commissioning with beam

SHIP cperation

T
-_

CE +infra

Pre—construction activities{ De<ign, tendering, parmits)
CE works for extraction tunnel, target area

CE works for TDC2 junction cavemn

CE works for shield unnel and detector hall

General infrastructure installaton

I

Beam line

Detailad decign, specification and tender praparation
Technical Design Report Approval

Integration studics

Producton and tests

Refurbishment of existing equipment

Removal of TT20 equipment for CE

Installation of new services and TT20 beam line
Inztallation of services for new beam line to target
Inztallation of beam line and tests

Mucn shield installation (commissioning)

[ -

e

Target

Decign studies and prototyping
Production and installation

e
I ——

v Vv Vv VvV Vv V9

Form SHiP Collaboration

December 2014 ¢/

Technical Proposal April 2015 v
Technical Design Report 2018
Construction and Installation 2018-2022

Commissioning

2022

Data taking and analysis 2023-2027

A. Di Crescenzo - IFAE 2015

24
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SHIP LOCATION

» Proposed location by CERN beams and support departments

CMS

LH C Nort.h.Area

ALICE TT20 LHCb
)
SPS
i
Ihisd; 8 ATLAS
HiRadMat
l TT60
AD

™ BOOSTER

1972 (157 m) :
i EEXEEN . |5OLDE
— - East Area

ek R - R i .

n-lok 4
EX |
LINAC 2 CTF3

neutrons e
LINAC 3 ' LEIR
o )

lons

A. Di Crescenzo - IFAE 2015
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Table 6.2: Overall cost of the SHiP facility and the detectors.
Item Cost (MCHF)
Facility 135.8

Civil engineering 57.4
Infrastructure and services 22.0
Extraction and beamline 21.0
Target and target complex 24.0
Muon shield 11.4
Detector o8.7
Tau neutrino detector 11.1
Hidden Sector detector 46.8
Computing and online system (0.2
Grand total 194.5
A. Di Crescenzo - IFAE 2015 26
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NEUTRINO FLAVOR IDENTIFICATION

REQUIREMENTS
» Electric charge measurement of t lepton L, compactmsion Specrometer
decay products - T ]
» Key role for v/ V. separation in , _________________________________ [Sx T

the T=>h decay channel

» Momentum measurement e

LAYOUT | """"""""""""""" ‘S,
» 3 OPERA-like emulsion films X e
» 2 Rohacell spacers (low density material) ]—z 15000 290 (um

» 1 Tesla magnetic field
Charge measured from the curvature of

600 £ NTM A 592 2 GeVlc the track with the sagitta method

500 F (2008) 56

’ 400 E-

B > 3) PERFORMANCES

| i 2 . | i 1 » Sign of the electric charge can be

| 100 60 0 50 100 determined with better than 3 standard
150 deviation level up to 12 GeV

: : ‘d“ 10 GeV/c

| 100 \/\/ b) » The momentum of the track can be

: so-  SHiP. estimated from the sagitta

| s s » Dp/p <20% up to 12 GeV /c

AT G = DTS 2l - | T8
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NEUTRINO PHY

SICS

CHANNEL BR(%)
T—U 17.7
T —e 17.8
T —h 495
Tt —3h 15.0

Ny 15 = N,—%fp ,Br(Ds — 7)2 =2.85 x 107°N,

UpN

A. Di Crescenzo - IFAE 2015
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CC interacting v
AR AR _ r = ratio between the cross sections in
i "\ O';W/OF‘;FS |
) G —— -: the two hypotheses
N 30 ] . CCinteracting v.+V-
i S 300 _ (ovrog)wioFFs
Lo 25 _ (oy+0;) inthe SM
o200 T30 @o so e w0 80 20f 3o
energy a ]
1.5F -
10| o
E(v:) < 38 GeV o _
(~300 events expected) A R .
v; and v, energy
r>1.6
— evidence for non-zero E(v+v.) <20 GeV
values of F4 and Fs | (~420 events expected)
A. Di Crescenzo - DIS 2015 18
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