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* How do we compute
observables in HEP?

e \What are the PDFs?

Deep inelastic scattering (DIS)

partonic cross-

sections: 6; PDFs:
e *
Physics
......... -

5 . observable: o ; ,

Gy 0
contain the contain the non
perturbative part perturbative part

Factorization theorem



 \WWhich quark does have a
PDF?

e What do we mean with
intrinsic charm?

5 _ ——— —

Quark masses:

O(1 MeV) 06100 MeV) O(1 GeV) OB GeV) 0(100 GeV)
m,, mgy M mp m, ny, m
non perturbative middle earth perturbative region
region
o o

my,, m, >> m, they are
originated perturbatively
by the gluon splitting In
quark-antiquark

m,, Mg, My <K m,

their PDF has a non
perturbative origin

X

m. ~ m, we cannot

neglect a charm
intrinsic component

| |

’ ~ What do we mean with *
| intrinsic? Is there also anon |
intrinsic charm PDF? |

—



Observables can be computed in different schemes:

3 Flavor scheme (3FS)

3 light flavors = only u, d, s, g evolve with
DGLAP

» 0, contain the charm mass dependence

| The splitting is |

| included in 6, §

3FS u.~0m) 4FS  w,~0m) B5FS u ~ o0m,)

4 Flavor scheme (4FS)

e Charm is massless — it evolves with
DGLAP

* The charm splittings are reabsorbed in the
PDFs

| The splitting is ]
reabsorbed in #
| the PDFs |

Putting m. = () above u. would be a

rough approximation. Things are more
complicated than that! (backup)



. 2 :
.f[‘”wc)— 2 A (ﬂg)@aﬁﬂ(uf) i=8.4.3.0.C

J=8-9,9,¢,C
e How do we relate PDFsS In [T S o
diﬁerent ﬂaVOr SChemeS? §A are the matching conditions: :
: ~almost fully known up to @(a3)
_ _ : +0() i= Q .......... R
* Which are the different j {@;)( ,-)#J N

components of the charm i'.'.'ffffffffffffffffffffffffffffffffffffffffffffffff ........... v .......................................
PDF? ?

s ce
J=8-9:9

................................................................ tL . L ............................ -E

Intrinsic part: Perturbatlve part:

not present with present also with zero
zero Intrinsic charm Intrinsic charm ]

The intrinsic charm is the charm§
PDF in the 3FS, i.e. below u.
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.G(Qz) = 6(0°) ®f(Q?)

theory 6 ........ A
 How are the PDFs fitted”? v Sreene meia
* Which ingredients are . N
required for a PDFs fit? experiments
' methodology

; Extract f; at a
W =E; (W <) ®fwd - glven scale Qg

I I I I R I I AT SRR Y E .\./.Olve With

DGLAP

Get f; at any
scale 07



* [heory

* What defines the theory of
a fit?

10

p.o.= perturbative order

p.o. of the theoretical

predictions
e p.o. of the matching

: conditions
Scheme choice to ‘-, .
compute predictions :

Theory ...

Value of

aS 4

p.o. of the .> ;
DGLAP running R g

p.o. of tﬁe
a, running

In this analysis we '
used a NNLO theory - m



Kinematic coverage
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* Which data points are

e Dataset

4618 data points from
different processes
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ettt e, : 8 PDFS 'tO par_ametnze

o § PDFs are - y S
MethOdOIOgy : parametrized through 5, U, U, d,d,s,s5,c

f Inetworks i weimposedc =C
 How are the PDFs . .f?..e.P'.r?..F.‘%‘.’Y?F..?.......;: ..................... POS - :
extracted? : ;
‘ka(xa an 6) — Akxl_akxﬁkNNk(x, 9)
............ O
0: parameters of the §
..Peural networks 6

- Uncertainties are generated
- through Monte Carlo replicas
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M Results of the fit

1.0 -

NNPDF4.0 NNLO Q= 3.2 GeV
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NNPDF4.0 NNLO Q= 100.0 GeV




e How did we determine the
iIntrinsic charm?

Step 1: perform a fit with , 141, 2
O =165>pu =m * Gives /- (Qy)

Step 2: evolve f.[4](Q§) back to u..
(41,2 _ b > 4]/ 2
Fu2) = Ey(u? < 03 & f4(02)

Step 3: obtain charm PDF in 3FS
folud) = A5 (milu?) @ £ (ue)

Step 4: is f1°/(u7)
compatible with zero or not?

14
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0.03
/ 0.02 -
* Results of the fit:
the matching is performed ool
both at O(ar”) and at =
3 S 0001
O(a;)
. : ] ' Intrinsic Charm, NNLO match (PDFU
e PDFs uncertainties come e /-/ 4FtNS Charm, Q=1.51 Gth(PlgFU) )
frOm experlmental /' — = Intrinsic Charm, N°LO match (PDFU)
. . —0.02 - . . '
uncertainties 0.2 0.4 0.6 0.8
x

e ¢cT=c+c¢=2c
Intrinsic charm i1s not

compatible with zero at 3o
level
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0.03
» Comparison with models e
» PDFs uncertainties come T
from experimental S el
uncertainties + missing |
hlgher Orders uncertalnty —0.01 - Intrinsic Charm, NNLO match (PDF+MHOU)
BHPS model
— = Meson/Baryon Cloud model (effective mass)
—0.02 - - . .
0.2 0.4 0.6 0.8
X

It agrees with with BHPS and
Meson/Baryon models
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0.09
_ -~ LHCD data
* |s our result In agreement S }  default charm

with data not included In . - {  perturbative charm
the fit? . 1

e LHCb measurement of Z+cC
jet (sensitive to charm PDF)

2.0 2.9 3.0 3.9 4.0 4.5

Theoretical The last bin is the
predictions agree | |most correlated to the
with data! charm PDF (backup)
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* |s our fit stable upon the
inclusion of new data?

| HCb measurement of Z+c
jet are added to the dataset

* [wo limiting cases:
completely uncorrelated or
fully correlated systematics
between rapidity bins

0.03
0.02 1
— 0.01-
3
+
O .
| Intrinsic Charm
—0.01 - — DBaseline dataset
| + LHCb Z+c (uncorr. sys)
/i e + LHCDb Z+-c (corr. sys)
—0.02 L/

0.2 0.4 0.6 0.8

- €T
Almost same results!
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e EMC DIS data with charm

INn the final state are added
to the dataset

* They are not added to the
default set since they are
relatively imprecise

—— Baseline dataset (PDF+MHOU)
+ EMC F§ (PDF+MHOU)

0.2 0.4 0.6 0.8

20



* Adding both LHCb and
EMC data: local statistical
significance

21

Intrinsic Charm

" ——— Baseline dataset N G
------ + LHCb Z+-c
—-= 4+ EMC F§ + LHCb Z+c

0.2 0.4 0.6 0.8

Fit Is stable upon inclusion
of new data!
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~ In the fit we imposed

f (e EF (0

Nothing
constrains ¢ = ¢

 What happens if we don’t
impose ¢ = ¢C?

We extended the
- neural network

to fit also ¢

Work in progressli  Observation: with no intrinsic charm
. ; 2 |
M) =My = ) A, ( )®f[3](u3)
s KT |
¢ # ¢ would be another '

evidence for intrinsic charm : =
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0.03 |- =
NNPDFA4.0
A AFNS, Q = 1.65 GeV
0.02 -- L —
. . . Y - N
* Preliminary results of SHE Y
' ' ; 8 ool v/ N -
Intrinsic charm asymmetry R VY
8 E M \\\
+ 0.00 ; ...................... AR ———
* CT =cCcXxcC \
—0.01F ) l | | _
0.2 0.4 0.6 0.8 1.0
0.08p- Perturbative charm
~ == Fitted charm (¢ = ¢)
............................. — —Fltted(,hdrm( ?é(,)
u ' 0.02 ]
:\WWork In progress!: g 5 S — .
EEEEEEEEEEEEEEEEEEEEEEEEEENEEN l Hﬁ ror L prellmlnary
= J[’l"" ;
0.00 "", :..,_ ----------- '- e
—0.01 = | 1 1 |
0.2 0.4 0.6 0.8 1.0
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* Preliminary results of
Intrinsic charm asymmetry

central PDF

uncertainty

X

pulls =

Work IN progress'
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0.03

0.02

0.01

0.00

3FNS pulls

——— 4FNS (PDFU) |
~== 3FNS (PDFU + MHOU)
Fitted charm (¢ # ¢) -
AN\
AN
/s 3
/ ¢
/ /7 \ \ —
1’ : \\\
ﬁ“\ / ,‘ \\\
‘ /; 5
,l‘\ .................................................... a..\.:;...-t...-._.:.:.....u..,..:.“:.::._,,+
| | | | _
0.2 0.4 0.6 0.8
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Summary
and
Outlook

27

™ Intrinsic charm is a non-perturbative
component of the proton

M We disentangled the non-perturbative
charm from the perturbative radiation

M We observed a non-zero intrinsic
charm

Mt agrees with models

™1t can describe data not included in
the fit

M The fit is stable upon inclusion of
other data

M Investigating charm asymmetry gives
C *C

Thank you for your attention!
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O — +CZO
+a; (al log(Q?/m?) + bl)
+aS2 (a2 log?(Q?%/m?) + b, log(Q%/m?) + cz)
——af (a3 log(Q?*/m?) + b, log?(Q?*/m?) + Cq log(Q*/m?) + d3)

* Neglecting the mass of the
quark as soon as we Cross
the threshold would be a

rough approximation

e How do we Include mass
effects?

OvENS = 7



O — +a0
+ o (al log(Q*/m?) + bl)
+aS2 (a2 log?(Q?%/m?) + b, log(Q%/m?) + cz)
——af (a3 log(Q?*/m?) + b, log?(Q?*/m?) + Cq log(Q*/m?) + d3)

* Neglecting the mass of the
quark as soon as we Cross
the threshold would be a

rough approximation

* How do we Include mass rows: fixed order < 3FS
effects?

OVENS = Of o1/



O — +CZO
+ o (a,l log(Q*/m?) + bl)
+a; (a,1og*(Q*/m?) + b,y log(Q*/m?*) + ¢,)
——as3 (a3 10g3(Q2/m2) + b, log?(Q?*/m?) + Cq log(Q*/m?) + d3)

* Neglecting the mass of the
quark as soon as we Cross
the threshold would be a

rough approximation

e How d?? we Include mass rows: fixed order < 3FS
effects” columns: resummed - 4FS

OVENS = Of.o. T Ot



* Neglecting the mass of the %@ 0e& im0 s
guark as soon as we cross +a5 (a,10g%(Q%/m?) + by log(Q*/m*) + ¢)

the threshold would be a +a;5 (a;10g*(Q%/m?) + by log*(Q*/m?) + ¢;10g(Q*/m?) + ds)
rough approximation

. Hfo)W dg we Include mass rows: fixed order < 3FS
effects” columns: resummed - 4FS

...... double counting

OVENS = Ofo. T



e Correlation coefficient =
between charm PDF at 100 &)
GeV and the observable +‘i

&
Q

R].C = o(Zc)/o(Z))

..
..
"

27 PP 2.0 < yy < 2.75

0.2 2.75 < Yz <3.9
— 3.5<yz <45
0.0= | | | | g
0.2 04 0.6 0.8
€I

. For the last curve (corresponding to the
. last bin of the measurements) R J.C is mostly :

correlated to the region of the charm peak




