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Cross section and
parton distribution functions

* LHC: pp collisions -- seen as parton collisions

do/d’p = /dﬁdﬂ?z PDF (zy1, ur) |[M(p; pr, pur)|*? PDF(z2, pr) ,

* Longitudinal momentum

fraction x

Mhard
T1,2 = /5 exp(+y)

 Factorization scale
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Gluon distributions

P

* Global analysis &
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using the same
theory.

e Gluon dominates
at small x.
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Gluon distributions

at small x
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e Gluon dominates
at small x.

 What happens at
small x?

- Very
Important at the

LHC.
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Factorization scale dependence

« LHCb — Phys.Lett.B694:209-216,2010
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Next-to-leading order
diagrams (Drell—Yan example)
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DGLAP evolution

e Partons in the distributions can emit more
partons

« Part of this splitting is taken into account in the
parton distribution.
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DGLAP ladder
Multiple splitting

« DGLAP ressums large

Lff ""_”‘4\;(1) factorization scale logarithms
kﬂ:ﬁ:":::::» €T > €T _I_ 1
A % pit) 1 1
knﬁl‘/ﬁ 2
kn-i ~===""1 pO
: kit << Kit1t
' 20 s
kival ------] * For small longitudinal
ki >0 P momentum X, there is a big
kil smo-r” probability of multiple
splittings
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Nuclear unintegrated pdfs
depend on transverse momentum

* |In collinear factorization, T
there is no transverse i T oo
momentum dependence P

» All dependence is the kot | ><] PO
coefficient function kna| 277277 | pO)

« KMR approach: do all steps " plO)
i i i+1]. -~
Ike collinear except by the VS -
ast one o il

* Our work: start with nuclear
Integrated pdfs
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Derivation of last step In
evolution

1 2
_ aqlk
fa(a:,kf,)uz) — f d> Ta(k2,p2) 82(7r )

< Y Pan(2,8) Zb (k) O =2 k7 /1s?),

z
b=q,g

k?=ki/(1—2)

» Last step splitting
* Energy conservation
» Sudakov factor
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Nuclear unintegrated pdfs
at a given scale
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* Nuclear effects (ratio)

Ratio (z, k¢, p)

o Shift in x and smaller effects for higher transverse

momentum
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Nuclear unintegrated pdfs at a
given transverse momentum

Ratio (z, k¢, p)

1.5 [ Gluon 1.5 [ Gluon
Tl ki =2 GeV, u=10 GeV ; Tl ke =2 GeV, u =40 GeV
- EPS09{LO,NLO} . — - EPS09{LO,NLO}
[ (from CTEQ{6L1,6.1M}) /:‘"'"N&. 3 [ (from CTEQ{6L1,6.1M})
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* Very small change in unintegrated pdfs
- Smaller factorization scale dependence
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Nuclear unintegrated PDFs at a

given ratio
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 Smaller nuclear effects for higher scales
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Summary (1)

Nuclear unintegrated pdfs calculated with correct
log(Q?) terms for the first time.

Valid for all x and also for quarks.

Comparison with log(x) approaches is needed.

Reduces the factorization scale dependence
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BFKL evolution:
strong x ordering

 The BFKL for the unintegrated gluon distribution
IS given by:

f(SU,]{'t) fo Xz, kt —I—_/ ko,/ —]C kt,k‘, SU kg)

with kernel

k2| k) — fe k) (e k)
Kk, k) f(z', k) = 2N, — L e NS !
( t t)f( ) th - ’th _ k?’ \/4]{;4 + kt4_

e Transverse momentum IS not ordered
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Adding DGLAP + BFKL

 When adding both, the double log part must be
subtracted.

f(ﬂf,]ft) f() X, kt —I— —(/ ko,/ —]C ]{'t,k, 35' ké)

k? dk’Z
e[ [ aepes (Sm) - r)
» Easier to subtract it from BFKL.
k? {f(x’,ké)f(fc’,ktu [ k) f(:v’,ké)} |

K(k,, k) f(2', k) = 2N,

i k2 — k2| VAT kK
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Kinematical constraint

* For real emission, virtuality has to increase:

k2
k2 < L where 2z = x/2’
z

since for BFKL virtuality is approximated by
transverse momentum. The kernel becomes:

Kok, K (o k) = o, b [OWkE /2 = kD) (', k) = f(', k)

K2 2 K2 N
G - (et O Vi CL),
v Ak + k2 k7
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Angle variable

* We define the emission angle to be:

0 =ki/xpand 0 =k, /2x'p.
* The Integrated distribution

53 '9
dk,
gl ) = [ fo k)
t

e Becomes 92

9’2
rg(,0) = [ (2, 0) s

02
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Evolution in angle

flx, k) = folx, ki) -l-—(/ dzk’/ —K (ks k) f (2, Ky)
+/j dkk;/ 12P(:)f (fk) DL)

 DGLAP 0 — -0 < 0

o E k
BFKL i RPN AN )
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Evolution space
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Energy-momentum conservation

* To keep energy-momentum conservation, the
kernel should be subtracted:

S . d > 1 1 h K
;_ (/ _Z/ K, }C(kt,k,’g)f(f,kfs) _/ dz/ d*k, K(kt,kfs)f(iﬁyké)) -
T x ~ Jo ~ 0 ’

* Problem: not an evolution equation anymore

» Solution: solve it iteratively, since it is a small
contribution (NLO).
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Final result

Olzg(z,0)]
OlnH?

fo(z, 0p)

— 0|lx'g(x', 0] db’
| 21./ / )
g [ e e g

= Olzg(z,0')]
. 211 / )
/ dz/ d“k, K(k, k) Y

+ /xdzP( )Z (; z@)} |
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Summary (2)

* Angle Is a good variable too bring uniformity
over DGLAP and BFKL

 Ressuming both large logs should make the
evolution more precise

» Already implemented by David Toton: Phys.
Rev. D 91, 054003 (2015)
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BFKL for an
Integrated distribution

 Integrated distribution:

2

q 2 q
F(g;,q):/ dklz f(z, k) = /dlnkff(a:,kt).

 BFKL equation

d > B2k
F2, k) = folz, k) +— / © / fmt,k;, HCIERA)
ko

* Integration by parts: udv=d (uv)—-vdu
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Result

e After some calculations ...

F(x,q) = F(z,ko)+ Fo(x,q) — Fo(z, ko)
N N.a(q?) /1 dz{ /QQ dng(x’, ki) — F(2', ko) n /(12/2; dkzq—Q F(z' k) — F(2',q)
T k k

7T 2 | Jiz |k — kg S ki — ¢?]
5 dk? F(a k — F(a'. k
_ / 215 (35', t/\/z) ([E, t) —I—lﬂ(l—Z)[F([EI,Q)—F([lﬂl,kg)}
k2 ki [1/z =1
0
VAKE gt 4 2 541 ¢ F(z' k
+ In O+2q k) F(z',q) — In V6 + F(:C',ko)—/ dk? @', k)
2k 2 K2 Ak + K}

— energy-momentum conservation term.
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Extrapolation to small scales

e Can we take the lower limit to be zero?

N 1 0%z 332 / . /
s o [ [ [~
& k

Fl(zx,
(%,4) T 2 2 k2 k2 — 2|

+ In(1 —2)F(z',q) +In (Z—;) i, Q)}

— energy—momentum conservation term.

e [ =1 Pl k2 PR k) — (g — |6 — k2)F(')
@ 0

Flx, = Fy(z,q) +
( Q) 0( Q) T > th |kt2 . q2|

+ Inf[2(1 — 2)]F (2, q)} — energy-momentum conservation term

March 24, 2015 XIIT Hadron Physics Pag. 26



Summary (3)

 Integrated distributions are easier to handle.
* More groups work with them
* There are more tools to work with them

e Most of available cross sections are calculated
for integrated distributions.

e To do:

- merge integrated BFKL with DGLAP.
- Global analysis.
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